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ABSTRACT

Ics displacements in the Arctic Oczan are analyzed with respect
to direction and gpeed in various sectors of the ocean, taking
into consgideration the essenitial components of lse drift, such
t. currents, their fluctuations and shifte, atmos=

long, and other factors. The analysis is based on
1 data concerning the drift of the Soviet North
citions, notably NP-3, NP<4 and NP-5 in 1954-1955. In
ion, the prospscts and accuracy in forecasting the ice

and conditions thalt affect navigation on the Northerm
> are evaluated.
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TRANS-71 1/5
ICE DRIST IN 7177 CENURAL PART OF THE ARCTIC OCEAN

Cne of the basic objectives of the drifting stations North Pole
(referred %o =s SP; W.P. in English. Translator) was the eluci-
dation of laws which determine the ice drift in the Arotic Ocean.
The investigotlions are necessary for the improvement of methods
in iee Torocasting and also for the clarification of causes that
are mocifest almost every year in the Northern Sea Route, now
worsering, 2ov improving the conditions for navigation,

The northern sen route crosses the margins of the seas of which
we poosese sufficient information concerning the distribution of
ice, wind and of air pressure. Less materials have been collected
vith respect to the central part of the Arctic Ocean. This fact
lirits conoidevably the possibilities of analyzing the displacement
of great ice fields,

igations carried out by the Soviet scientists
showed %aat in high latitudes the drift of ice affects substantially
the lorretlion of the basic ccean ice masses whose southern branches
cross the Northern Sea Route. The masses usually appear to be the

main ice obstacles for navigation.

With the extension of observations covering wide geographical areas,
it becomes elear that in certain years the over-all pattern of ice

drift (Tig, 1.) cen be subjeet to great changes and deviations. The
investigation of causes for these irregularities and deviations from

4.

pattern in the work of such a gigantic planetary machine as
is the intoraction between the oceans of the water and the air is

of grect interest. At the same time, it could be said that even the
grectost deviations occurring in the circulation of water masses

Y.

and ice cannot change the over-all pattern of ice drift.
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The inve.tigaticns of the latest years clarified that the ice drift
in the regions of the Arctic Ocean adjacent to the Beaufort Sea, the
Chukehi See and the Fast Siberian Sea are subject © the action of
ic cireulatior to a greater extent than in other
edjacent to the Greenland Sea, the role of the
diminishes, whereas the role of the other drift
component = i.a2. the ontgoing compensatory surface current, which
bringe the ice from the Arctic Ocean into the Greenland Sea through
the strait lying between Creenland and Spitzbergen - increases.l
/6
One of the imporiant conclusions arrived at from the investigations
(. ¥. Zubov, D, B, Karelin, M. M. Somov, V. kh, Buinitskii, P, A.
Cordienko et al.) was the division of the Soviet Arctic seas into
two major groups by the character of drift - namely, the seas of

O

utgoing ice and the seas of incoming ice. To the first group be-
long +the Fara and Laplev seas; to the second, the Easst Siberian
Sea and, to a certain degree, the Chukchi Sea,

3
o]
o
”
‘:’\
O

o

he significance of pulsations in the transport of
ice fron the Arctic Ccean into the Greenland Sea have changed sube-

stantially during the last years.

The investigniicis ccecomplished by the scientists of the Arctie
Institute c;ynv:.nc*.rﬂy substantiasted the possibility of applying
the co-called "Iubov laws" with respect to ice drift in computing
the wind componant of ice drift.

By %72 vse of the exelusion method, provided sufficient observation
drift is at hand, it is possible to obtain data on
>ction of the so-called "oconstant currents" in

open axens of oceons and Arctic seas.

11n 19%3 ¥, K. Zubov rightly called it the Papanintsev Strait, and
we will uss the name,
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The use of "Zubov's law™ in analyzing the drift of the Fram, G,
Sedov and the stations NP permitted the elucidation of the msjor
causag for the displacement of ice along the arc of the great
cirels In the fuvopean sector of the Arctic Ocean and the anti- /7
cyelonic eirculstion in the Canadian-American sector of the ocean.
One of Lhe major causes is the predominent distribution of air
presture and, consequently, the prevailing winds over the Arctic
Ocean =nd the North Atlantic. If the basic relief of the atmos-
phere lying directly over the Arctic Ocean forms the wind component
of drift, over tha Noxrth Atlantic it determines the magnitude of
pulsations in the streanm of compensatory'tranéport of water and ice
from the Arctic Ocean into the Greenland Sea.

The position of the polar anticyclonic high pressure area also
explains satisfoctorily the circular motion of ice in the Canadian-

American sector of the Arciic Ocean.

It should be remembered that, for the first time, the hypothesis
on th2 cireular drift of ice in the Canadian-American sector was
nmentioned in the scientific review of the team of Russian Polar
Tpedition on the schooner Zaria published in 1907, It is note=-
vorthy thet, already at that time, the hypothesis was based on
the influecnce exerted by the winter anticyelon of the area.

The regularity of cirvcular drift in the sector of ocean was theow
retically formulated by N. N. Lubov (1938) and, later, confirmed
by observations carried out by the high latitude expeditions
under the suidance of V. F. Burkhanov and by the drift of station
NP-2.

In this nxficle, the writer has attempted to describe more pre-
isely the gencral pettern of ice drift in the Arctie Ocean on the

Q
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~ A
QL 1

enalysis with respect to the Aisplacement of stations NP

S-

the spring-swmer period in 1954-1955. Such analysis is of
great practical Interest; specifically, the analysis permitted the
elucidation of ceuses for the sharp inerease in iciness and for the
deterioration of navigational conditions in the Chukchi and East
Siberion seas, which occurred in 1954 and 1955.

In those years, the heavy polar ice, Tetreating in the spring
norihward with a speed nearing the mean, unexpectedly changed the
dirvectinn of drift in July-August, turning southward and blocking

the Thukotka coast,.

In addition $o the materlals of stations NP in 1954-1955, the writer
haes used in this study hydrometeorological data obtained from the
newwork of polar stations, the weather bureau, and aerial ice
rgeomn-iosance of the main Northexn Sea Route.

The Drift of Station NP in 1954-1955 in the Spring-Summer Period

The cencral movenent pattern of stations NP-3, NP-4 and NP-5 in
he period fApril-Septorber in 1954-1955 is shown in Figure 2.

The plotiing of drift chart is based on the coordinates as they were
=% the beginning of each ten-day period (dekada). Ten-day periods
weres chosen for the purpose of depicting sufficiently perceivable
changes of ice drift as regards the geographic perception against
Luckgrouwnd of tlhie vast expanse of the Arctic Ocean. The initisl

coordinates ara shown in Table 1.

The directions of ten~lay and monthly drift vectors are orientated
with res cch to the 180°-meridian, which is more convenient for
compericens becruse the meridian is the mean for the arc of the
went clicle nlong which the displacement of stations NP occurred
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and alcng vhich the ice is transported from polar regions to the
Greenland Sea (Figure l.).

Tt should be noted that, in studying the direction of ice drift
for leng time periods, freqguently the information on the so-
called "general" direction of ice movement does not reflect the
essence of drift., Thue, for instance, in May-September, 1954,
the "goneral” direction of the drift of station NP4 oorre- /8
sponded Yo 355°, vhereas in actuality the niovement of the ice
flce was anticyelonicy half circular. The same can be said about
the drift of the station NP~ in the April-August period in 1955
vhen tha drift was cyclonie, It is expedient to regard the “'gen-
omal" direction of drift in each particular case in connection
with the respective station, taking into consideration the basic
atream of the ice flux in which the movement of station occurs.
Besides, the “general' movement of ice, either in a straight line
{alon: the arc of the sreat circle, the resultant one) or in ocire
cular Adirection, should be kept in mind.

The actuzal extent (length) of the drift and its meandering can be
Judged from the continuous records of the instrument drawing the
patterm on1 chart. In practice, however, the extent of drift is
neasurad by adding the sections of straight lines lying between
the puints wvhose coordinates are determined astronomically. The
relationship between the actual length of drift and the sum of
reizht lines between diurnal coordinates can be illustrated by
the following example. In July 1954, M. V. Izvekov, oceanologist
of station NWP-4, utilizing an original nmethod, carried out a 20-
hour series of hourly and sufficiently accurate calculations /9
of the drift speed and direction of the station. The circular
covrse of the ice flee travelled during the 20 hours and deter-
mined by the nethod egualled 7.5 kme The distance between the
cstronomically dotermined points at the beginning and the end of
the period (20 hours), however, squalled only 2.3 km.
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Table 1. Coordinates of stations NP in 1954-1955
(in April-September period)
NP-3 1954 NP-l 1954 NP-5 1955 NP=-5 1955
Dete 1.;] B. longe| N. labe| E. long.| N. lat.| E. long.| N. lat.| E. long.
N E——
8 April - - 75°48¢ | 181°35¢ o - o —
10 - —- - - 80°39' | 183°54¢ i -
15 86°20' | 181°00' | -- - - - - -
20 lgsogs 182°L3¢ | 75036t | 181°26" | 80°46" | 184°02' | 82°09' | 157°10'
f o 25 ohohzs | 1e3e47t | -- - - - - -
& ~ - | - - |80°hTr | 183°05' | 82°15' | 155°17"
10 May s - e - 80°56' | 183°29' | 82°39' | 154°08!
20 - } - f 76°20" | 178°00" | 81°25' | 181°08! | 83°00' | 150°10°
25 | 87°01" | 185°04! 2 76°15% | 178°05¢ - - 83°00' | 151°05'
30 Pgreozt | 1oge1sr | og7e30v | 176°500 ! 81°14t | 182°04' | 82°57' | 153°00°
10 June ?a7°u rol 1959350 | 76°390 | 175°09¢ | 81°35¢ | 182°15' | 83°24' | 153°00'
20 =87°ﬁ@* 1990351 1 76°51 | 172°46" | 81°L4e 180°46" | 83°49' | 151°02?
30 ia7’1:: 195°33? | T7°19' | 179°40* | 81°52* 180°56% | 83°50' | 151°06°
10 July | 87°451 | 206°58' | 77°23' | 173°07* | 81°49* | 182°19' | 84°05' | 155°01!
20 38°05' | 207°48" | 77°31' | 174°07' [ 82°11' | 185°42' | 84°22' | 153°10'
31 lsa°éﬂ' 203°58" | 77°27' | 174°17" | 82°14* | 187°37' | 84°09' | 154°40!
10 Augusth §89°Ou 156°17 | 78°03' | 174°38' | 82°16! 187°15" | 84°34' | 152°06'
20 1390121 | 223°00% | 78°57' | 176°09' | 82°35' | 188°54" | 84°3T' | 152°02"
31 ;3932,' | 250°06" | T79°19' | 176°56" | 82°4L1¢ 188°18' | 84°40' | 150°52'
10 Sept. { 89°29' | 264°15* | T9°45' | 176°56' | 83°07! 186°59' | 84°54' | 147°00*
i 20 :89°539 28hohgt | 79°18% | 178°12' | 83°34 | 184°04' | 85°02' | 142°30°
R 25 395360 | 29he48t | T79°30' | 178°06' | 83°42" | 184°03* | 8442 | 141°30°
i .1 Oct. l - - - - 840kt 181°33" - -

Remark - ‘he coun’ of longitudes follows the circular system from Greenwich meridian

aostwerd from 0 to 360°.

by the Avciic Institute and the main Northern See Route.

Such convenient practical system has been adopted
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Por all that, the comparative extent of & lasting drift can be deter-
mined Ly comparing the sections of straight lines drawn through the
pointe thot are calculatad astronomically. In such a case, it is
always necegsary to select a section of drift, taking into consid-
eration the set objcetive. For studying the processes of weekly or
ten-day periods, it ssems to us that diurmal coordinates can be used;
for studying monthly and seasonal processes, ten-day and five-day
coordinales can be used; bul for studying yearly processes, monthly
coordinates are in place. Regrettably, in high latitudes diurnal
sstronoiiic calculations are not always possible because of frequent

fog and cloudiness.

Pigures 3, 4, 5 and 6 show the drift of stations NP-3, NP-4 and NP-5
with sections of lines each representing a period of ten or nearly
ten duys. The mean diurnal drift speeds in individual periods are
shown in Table 2.

/10
Analyzing the observations on the drift of stations NP in 1954-1955,

the follovwing preliminary comments can be saids

1. In 195% from the beginning of the drift (April) to June 20,

the station P-4 drifted strietly in the northwestern direction.
When epproaching the latitude 77°, the trajectory of drift turned
sharply toward the right, i.e. toward "the pole of relative in-
acceseibility" (the course 30°). This direction was strictly maine
tained until the end of September. Incidentally, the original
diraction of the drift of station NP-4 raised in several members of
the tezl. crroneous apprchensions that the station could be carried
away Lo the fyon massive., I should be assumed that in April, May
and the first helf of June, 1954, the drift of station NP-4 practie
cally corvesponded to the general scheme of the drift (Pigure 1.).
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2. Trom %he beginning of drift (ipsril) to June 20, 1954, the
station "P-3 drifted in a northeastern direction. After reaching
the latitude 88°, the direction of the drift became steady toward
the Greenland Sea. Thae direction of the drift prior to June 20
effected a premature conclusion that the station had been drswn into
a circilar drift. Practically, ths resultant direction of station
WP-3 for the enbire period of April-September 1954 also corresponded

to the general scheme.

/11
3¢ Tre meen diurmal speed and the magnitude of the drift trajectory
otion NP~k in April-September 1954 were generally 35% greater
than the speed and length of the drift trajectory of station NP-3,
This interesting situation will be discussed later. It should e
noted that the exceeding exponents of the drift of station NP-4
over those of the station NP-3 resulted primarily from the drift
ccourring prior to June 20 when the station NP-4 was drifting in
the belt of the continental shelf. After June 20, the difference

d'

of 8

n th
of boil: stations decreased, mainly as a result of an increase in the
speed of sgtation ?T?-}. For the time lasting from May 1 to September
27, the Irift rosultants of both stations were practically equal
(370 and 372 km). Also their directions were almost similar,

/12
k. Taking into consideration the general (resultant) direction,
the movemeni speeds of stations NP-3 and NP-4 in April-September
1954 wore on the average 107 higher than in the case of stations
NPl ond IP-5 duri ng the corresponding period in 1955. The move-
ment soveod of ice floes, taking into consideration the sum extent
along &> meundering curve in 1954, was higher than in 1955, but
only by 5% |

5. In 1954, the basic turn in the drift (transition from circular
movemens to outgoing along the are of the great circle) of stations
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NP-3 and Y0-b ocourred almost simultaneously, in the same ten-day
period. After the turning point, in the second half of June, the
movement speed novthward increased in the case of station NP=3 and
slightly decreased in the case of station NP-4,

6. In 1995, after the turning point which occurred in the third
ten~day period of August, the movement speed toward north-northwest
considerably increased.

7. The maximal mean diurnal speed was 11.8 km a day (on the basis
f lines representing the ten-day periods), which was observed at
tation NP-4 in the secoud ten-day period of August 1954, The
mininal speed was 0,2 km a day, observed at station NP-5 in the

O

<]

third ten-day period of June, 1955,

/13
Comparison of the resultants of the drifting stations was facilitated
by the fuct that the duration of their drift was almost similar (inm
1955 WP-7 drifted 159 days and NP-4 drifted 166 days; in 1955 NP-h&
Jrifiel Ik days, WB-5 Bb days) Comparison of the composite extent of
drift, notably the mean diurnal speeds, would not be sufficiently
objective unless the meandering of the course of each station is

taken into consideration.

o
oo

In order to introduce the needed corrections, we assumed a coefficient
of the ieandering of drift. The coefficient designates the ratio of
the sum of composite lengths of drift calculated from the coordinates
of ten-day periods to the length of the resultant drift in the same

period of time.

The coafficient of meandering (for the period April-September) for
every station was as follows: for NP-3 (1954), l.14; for NP-4 (1954),
1.85; for NP-k (1955), 1.63; for NP-5 (1955), 1l.32.
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oo indicate that the course of station NP=3 was

/14
Table 2. The nean diurnal speeds of drifting stations NP in
1576~1955 (in the spring-summer period).
o : o | Resulting i’fa.gnitudeof Mean
Direction Resultant Diurnal
Trift Pericds of Drift Drift Speed
in Degrees | in km in km Remaxits
Station WP-3,1954 (Fig.3)
Tendenay toward cirou-
April 15-Junc 20 45 160 2.4 lar an:zyolonicd'ift
June 20-Sept. 20 347 360 3.8 Steady movement
R Eitamtes ewcains northward
Entire period ] 7 520 3¢5
According® len-th of ve~| 7 456 2,8
. sultant for entire pariod
Station P-4, 1954 (Fig.h)
- Movement in direction
April S8-June 21 300 336 L5 of Ayon massive
ol A 30 392 b3 St movement
Entire pericd REET 728 LG
Aocording © lenith of »o-. 343 394 2.3
sultant for entire perio'i%
. 1
Station ¥P-4, 1955 (®ig.5)
Ly Tendency toward cir-
o et P WO 408 3.3 cular enticyelonie drift
Aug. 10-~Sept. 30 328 212 4,2 Fast m‘t fnx
Entire period 352 620 3.6
Accordinz® longth of re~| 352 380 2,2
sultant for enlire period
Station NP-5, 1955 (Fig.6)
oNn_o e lhlamt m: bh“ud
April 20-%ept. 21 355 584 3.8 along axis of Lomonosov
Asgording© length of re- 355 366 2.4 - '
sultant for ontire period
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Cenerslly, however, the course of the statioﬁs drifting with the

cutgoing stream of ice (stations NP-3 end NP-5) was straighter
wan thet of stations drawn into the veriphery of the circular

caticyclonic movement. The fact can, evidently, be explained by

two factorss:

(1;) In the zone of the outgoing ice movement, where stations NP-3
ond P-% were drifting in the spring-summer period, the surface
currents vave rether stables Approaching the Papanintsev Strait,
the st.Lility and speed of the cucrrent increases. Such a hydro=-
dyrovic situstion is disrupted only by exceptional conditions.

Such conditions were present for station NP-3 in the spring of 1955,
when o lng2 exzpense of ice fields moving toward the strait during
the winter in 1954-1955, could not pass freely through the strait,
ich blocksd and considerably retarded the transport of ice.

(2.) In the peripheral zone of the circular anticyclonic move-

ment, into which the station NP-4 had been drawn in the the _ /15
gpring-summer poriods of 1954 and 1955, the wind regime happened

to be very unstable. The area was affected by frequent Pacific
cyclones coming from the socuth, by Atlantic cyclones coming from

tr
wrihwest. The cyelones were accompanied by frequent shifts in the

L

»Y'

e wast, and by the so-callad Iakutian cyclones coming from the

=

direction and velocity of wind. The most shifting wind regime oce
currcd in the area situated to the southwest of the anticyclonie
drift circle vhich appears to be the area for the mentioned cyclones;
here was the station P-4 in 1954, In the area located to the west
of the conleor of the doift cirecle, however, where was the station
TP-l in 19°5, were active only the high latitude cyclones, and the

shifts in wind regime were smaller.

H
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Taking into consideration the sum of the composite extent of drift

lines

drawn throuch the points of diurmal coordinates, the coefficient

of meondering will be greater than in the case of the coordinates of

ten-day poriods.

meanderinge

Table 3 lists the data of the composite extent of
monthly dvift of station NP-4 in the April-September period of 1955,
which was computed by A. V. Teologov, making allowance for diurnal

"shle 3, Drift of station WP-4 in the April-September period of
1955, considering its meandering on the basis of diurmal
data concerning coordinates,

e Rt =
{ Total composite|Length of drift | Direction |Coefficient of
lionth length of drift rasultant of drift |meandering (on
] in km in km in degrees |basis of dluwrnal data)
April 98 26 320 3,77
May 206 L7 299 4,38
June 175 72 342 2,46
July 198 108 65 1.83
August 222 58 20 30,83
Septomber 223 183 340 1.22

The data listed in Table 3 show that the meandering of drift increases

considerably in transition periods from one season to another, which

ore chizracterized by most unstable winds as to their direction and

speed: i.e, in April and May (transition from spring to summer) and

in fusuat (transition from summer to autwmn).
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Cn the contrary, during the months when the drift resultant appears
to be of maximum length, the coefficient of meandering is of mini-

mam magnitude,

Of great practical interest is the comparison of the drift of
stations IP in 1954-1955 (of course, to a degree at which such com-
parigon is possible geographically) among themselves and with the
dute relative to the drifts of the Fram (1893-1896), G. Sedov (1937-

1940), WP-1 (1937) and NP-2 (1950-1951).

Inasmuch as the expeditions drifted in various areas of the Arctic
Oce~n, the drifis, when plotting Table 4, were arranged in accor-
dence with these geographical characteristicss the drifts in the
belt of the continental shelf and in the deep-water area of the

oCeane

Examining the right- and left-hand parts of Table 4, one can see
that the mean diurnal speeds of the drifting stations NP=3 and

NP~/t in 1954, 23 well as those of stations NP-4 and NP-5 in 1955,
excenlad considerably the speeds of all stations and expeditions /16
that hed drifted in the past years. The speed of station NP-3
excended the drift speod of station NP-1l, although in the given
time period the station NP-3 was farther from Papanintsev Strait

than the station NP1,
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20/16

Comparison of mean divrn.l drift speeds in various areas

| of the Arotic Ocean.
Drift in deep-water srens of Drift in the belt of continental
the Avciie Ocean slope of the Arctic Ocean
Station (ship) Mean Station (ship) Mean
and the area Period @urnal and the area Period diurmal
of drift speed of drift speed
Fraﬁ, polir 1.T 1395 9 Fram, interion 1.I 1894
region along the 1, part of the Laptev 2.1
parellel 85° 1.1 1896 Sea 1.I 1895
NP-1, polar G. Sedov, over
region bLetween 21.V=1.VIII 2.8 the underwater 2,I1I=5.X
@105 900 1937 ridge north of e 3.8
87°30" Novosibirskiye
Ostrova
Go SQdOV, )
polar region along 2% AP0 253 NP~k along
: - 17.VI 1939 the continental
lel 86° *
pemELie. 0 slope north of the 8.{§5£0.VI k.5
Bast Siberian Sea
NP-2, north
of the Chukehi Sea | 192071951 | 1.3
NP'S 20.“" 3 9
" WP-3, polar 15,1V~ .z 20.VIII B55
region 20,7X 195k | 2*°
P-4, area of .
the pole of rela- 10i5;;jO.IX 3.6
tive inncessilility i 7
The mean speed 2.7 305

~ Remer':Nata listad frtable were caleulated on basis of trajectories of drifts
drevn through poinis of coordinates for ten or nearly ten-day periods,
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From the limited number of cases it is, however, possible to draw
another interesting coneclusion - namely, that the mean drift speed
along the Burasian part of the continental shelf is greater than
in the deep-woter region of the Arctic Ocean,

Loop~Shaped Evolutions at Ice Drift

When elucidating the cxternal characteristics of ice drift for
lasting periods, it is of gresat interest to investigate the loop-

sharad evolutions of ice floes. The resultant movements along

such loops equal zero.

Since it is possible to compute the resultant of wind drift, one

can deternine the direction and speed of the so-called steady

stete surface current for the period of drift moving along a

iocked curve. In this case, as was already suggested by Nansen,

the nagnitude of the current resultant can be validly regarded as
the resultant of wind drift, but the direction of the /17

current resultant as opposite to the direction of wind drift,

4

eqgusal i«

-

¢

in April-September 1955, the drifting station NP-4 formed nine
loops (on the basis of diurnal coordinates), (Fig. Ta and Tb).
The loons can be divided into two basic types: the loops of antie-

cyclonic movement (A, three cases) and the loops of eyclonic di-

rection (B, six cases).

The specific weight of such evolutions, not having results in the
noveuent along the general line, con be seen from the fact that
out of 17% deys spent by drifting station NP-4 in 1955, 87 days,
i.e. 507 of the total time, were spent for loop-shaped movements.
Consequently, vwhon computing ice drift in the conditions of a
steady state wind regime (for the case when the formation of loops
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cannot be expected on the course of drift), one should not be guided

by the

drift.

The

be multiplied twice.

mean magnitudes that are taken into consideration must

mean spzede or the mean wind coefficients found for a lasting

Table 5 shows the data concerming the resultants of a computed wind

drift

Table

Period

 —

5e

Conmputation of wind drift, the direction and speed of

for the period of time when loop-shaped movements were observed.

current at a time when the station NP«4 performed loop-
shaped movements (in April-September 1955). '

Raesultant
dircction
of wind

(®)

@

(9 days)
0.IV-8,V
@8 days)
15.V~2.VI

(17 days)
16, VI=27.VI

(11’ days)
26 VI . VIT
@ days)

24,VII-28.VII

(5 days)
l-J-OoVIII
(10 days)
318, VIII

(5 days)

b-8,1IX
(4 days)

3

209

m/sece.

k{ean speed

of wind
aleng

resultant

0.2
1.2

0.4

Computed |Magnitude| Computed |Mean
Wind direction | of wind direction|diumal
cocHicient [of wind drift for of speed of
of drift |drift period current |current
- (°) (km) £ _(lm)
0.010 33 1.53 213 0.17
0,011 259 20,52 79 1.14
0.010 84 6.78 264 0034
0'0011 197 1“‘06 17 10 53
0.012 80 5.92 260 0. 74
0.018 59 20,20 239 4,0k
0.015 151 15.60 331 1.56
0.013 119 T.30 229 1.46
0,010 187 1.52 ¥ § 0.38
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The magnitudes of wind coefficients were adopted by us from the secien-

tific operative means vorked out by the Arctic Institute. Of course,

we took into consideration the predominant concentration of ice that

was observed in the respoctive time periods in the area of station NP=l

In Aoril, 'y ond June, 1955, the concentration of ice in the area /1'8

of station I-l: o nnlled 9 to 10 balls; in July it was 7 to 83 in

Avgust 8 to 93 in September 9 to 10 balls. As regards the age, polar
:3led. The angle of drift declination from the wind direction

wag assumed to ecusl 30° to the right.

The compubation results presented in Table 5 show that the "permanent"
surface current of the area crossed by the drifting station NP=4 in

1655, when exauined by periods ranging from several days to 2 to 2.5 /19
weelg, ave cubjeet to considerable variability which, evidently, can

be explained by cauvses of a2 greater order than are the diurnal synoptie
processes. Tae fact thatih six instances out of ten the loops are

ed toward the west (from the 180° meridian) indicates the pre-

t
sence of deflecting action of currvent during the formation of the loops.

Why sre the leop-chaped curves of drifi{ formed? It is not possible for
us Yo answer nowe It is of great interest to examine each of the nine
cases in connection with the synoptic charts.and the trajectory maps of

basic formetions oo vegards the location of station NP-4, Regrettably,

the materials wore not at our disposal,

[deas Cone ing the Causes of I_,astilfy Impairment of Ice
, 2 Northern Sea Route in 1954 and 1959,

/20

The> sprins wenths (fpril-May) of 1954 were characterized by a positive
anon=ly of zir itempocature along the entire Northern Sea Route. In June
and July 2 air temperature was nearly normal, the difference not ex-
ceading 1°. Ia fugwst the air temperaiure, remaining nearly normal over
the Hara an’ %heo JTeplevy seas, was somewhat below normal over the East

Sibavien znd the Chukchi seas.
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With wrespect to ice conditions, the beginning of the summer season in 1954,
talting into congideration only the ice inertia, promised a favorable de-
velcpment of the process of ice destruction a.nd displacement, which corre-
sporded Lo the thermal regime of atmosphere and to ice conditions on the

Northern Sea Route.

iy

Thus, for inotance, the breaking of the winter fast ice in the Chukchi
Sea, In the castern part of the East Siberian Sea and in the Vil'kitskiy
Proliv (7, Strait) wus observed 5 to 15 days before the mean dates, but
in the Laptev Sea it was at a date near the normal. Only in the western
part of the Bost Siberian Sea the breaking of winter fast ice was de=-
layed by 3 to 3 days. The lolness of the Arctic seas, i.e. the degree

to vhich they wers covered by ice, was nearly normal, or somewhat smaller,
in the first navigational month (July).

Thus, the Laginuing of navigational period, if one takes into consideration
only the local thermal and dynamic processes affecting directly the Arstic

Sikerion scos began to increass, The phenomenon was accompanied by the
creation of the Vrangel' ice massifl, the sloping of the Ayon ice massif
and by gensral worsening of navigational conditions in the seas. The
heavy polar ice floes, sloping from the north toward the Chukchi coast
were not infrequently difficult to master even by icebreakers., The
worgening of ice conditions continmed practically to the middle of Sepe
tember when, by the acticn of the warm current coming from the Berm‘
Sez and by local warming up, the ice masses arriving from the north were

either weakenod or destroyed.

1Edito;'s "ote - This word is used by the Russians to indicate a large
end atable poch which tends to recur in certain localities year after
Jeal'o
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I+ is noteworthy that the station NP-4, being at the time at the boundary
meridians batween the Chulkchi and the Eest Siberian seas, to the morth

of the seas, end the gtakion NP-3, approaching the geographic Norta Pole,
were drifiing northword with considerable speed. During the entire summer
1954, the resultant drift vectors of stations NP-3 and NP}t were directed
from the easbtern seas of the Northern Sec Route toward the north, Such
pers1lel drift of stations separated from each other by- a distance of 1100
kn was undoubiedly accompanied by a transfer of vast ice fieldsj the
southern edge of the field (possibly giant belts) was near the original
point of the drifting station NP-4 in April, but the northern edge had to
Ve rot soubincard from the position of station NP-3 on September 20, 195K,
The formal ovalustion of the facts permitted the formation of views on
fayorable ico drifiing conditions in high latitudes. As we shall later

see, the conclusion was false.

‘ In 1955, during the sumner months, as late as the middle of August the
jce did not lesve the Chukchi coast as usual, but remained packed along
the congst. Such ice conditions obstructed the begimning of active
operztions in conveying ships from the east to the ports of the East
Siberien snd the Laptev seas.

/21

The analycis of local factors that determine ice condition , such as the

nrarature, the tension of heat currents eoming from the Bering Sea,
the messes of ice at the end of winter, and lastly, the wind regime in

June, July ond at the beginning of Augusi, failed to provide a satis-

o
K

Factory erilanntion es to the causes of delay in freeing the coast from

It was already in 1954 when we strove to investigate the possible effect
of ice displocemonts in high latitudes on the formation of ice conditions
in the copsgial arcns. The work_of two drifting stations in the Central
irebic peraitied us to investigate the problem more thoroughly. We based

. our work on the following hypothesiss
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(1) the general scheme of ice drift in the Central Arctic appears to be a
climatologic resultant of zction caused by the circulation of atmosphere
and the surface current against the ice cover, which progresses along the
are cf the grect circle, tending into the Greenland Sea, whereby the speed
of tle currvent is winimsl in the Canadian-American sector. In conjunc-
tion vith it, in the Canadians~fimerican sector of the ocean, the polar
maxinum and the corresponding winds constitute the most stable factor
during the major part of the year. As a result of the predominant in-
flvence of thoe foctor in this sector, not only is the ice drawn into anti-
cyclonic drift bubt, evidently, also sufficiently thick surface layers of
the ocean which algo lie in the anticyelonic system of the so~called pexr-
manent (sheady state) circular current. On the western side of the sys-
tem, where tlhe station NP-4 drifted in 1954 and 1955, the current is
directed fronm south to north. In the area of the ocean adjacent to the
Papanintsev Streit, the major role in the transport of ice belongs to the
accelerating transporting (outgoing) current;

(2) at tre presence of lasting dislocations in the usual scheme of the
dis»locement of baric atmospheric centers over the Arctic Ocean, and
especially in case the Spitzbergen maximum of atmospheric pressure sets
in or in other barie conditions, the influx of Atlantic waters into the
fretic Cceen through the Bering Sea and the transport of Arctic waters
southwand throuvgh the Papanintsev Strait diminish, These circumstances
couse o slov-down in the ice transport from the entire expanse of the
oczen teoward the Papanintsev Strait. VWhen the dislocations are lasting,

the major part in the formation of ice conditions and drift over the

&

~

entice surface of the ocean is played by local circulations of the atmos-
phera. Co putiticns of iecc drift by the "Zubov method" in such circume

stancas Lacone completely dependables

(3) the rerlaocarent of more frequent types of atmospheric circulation
(the types, in £oct, create the Arift pattern shown in Figure 1) by less
corron tpes of cireulation, whose direotion is usually reversed, is
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acconpaniad by choges in the tension of water flow in the ocean, no
matter whether they are incoming or outgoing, In the final analyais,
the changes manifest themselves in the form of outgoing pulsations.

The extent of possible fluctuations in the transport of ice from the Arctio
Qeoon into the Gremland Sea can be sufficiently great and, ascording to
our calculations, it can reach z million square kilometers.

In Mey 1954, during an aserial ice reconnaissence in the area lying be-
tween the North Tole and the Greenland Sea, for the first time we observed
thot the centrzl part of the ocean was covered by a compressed continuous
ice cover, th~t the temporary bases of the high latitudinal aerinl expe-
dition establichiad in the area of Noxrth Pole were drifting slowly, but
trat in the rnorthern poxt of the Greenlend Sea was a reversed rare phenome
enon: th2 East Cracnland ice flow did not exist,

/22
Alnnst no old ice could be seen in the entire expanse between Greenland
and 3Spitzhergen nor in the region lying nearly 100 miles to the noxrth of
the Papanintgev Straib; the ocean was covered by young ice. During the
time (April 195%) the winds of the southern quadrant lastingly prevailed

Papenintsev Strait. In the eastern half of the Barents Sea,

where norihessterly winds prevailed, an increased iciness was observed.

over the

Those wera the basic cspects of the working hypothesis adopted by us when
solving the concrete problem on the causes for the worsening of ice
conditions in the castern seetor of the Northern Sea Route in 1954 and 1955.

In the spring ond summer ronths of 1954, the water expanse of the Arctic
Ccean was under the action of the centers of atmospheric circulation
whose location and displacement was geographically unusual. The imme=
diate polar arew and the regions of the ocean adjacent to the Boaufort,
Chukehi, and Fast Siberion seas wers under the impact of active oyclones

(4
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that had penetrated the high latitudes from the Okhotsk and Bering seas,
Over the Kara Sea and the sector adjacent to the Atlantic Ocean, anti-
cyclonic wind wegime predominated over the Barents Sea, which is usually
erogsed by the trajectories of the cyclones of North Atlantic origin,

the eyclonic activity was weakened; only a few cyclones penetrated to the

eagt of Novuya Zemlya.

The analysis of maps depieting the displacement of the centers of atmose
pheric circulation, and of the mid-seasonal map of atmospheric pressure
for the summer period of 1954, permits a close approach to elucidating
the causes for the worsening of ice conditions in the given sector of the
Northern 3ez Route in the July-August period of the year. The analysis
discloses the following basic peculiarities of the baric relief of atmos-
rhere, which are reflected in the peculiar drift of ices
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uriner 1954 wos retarded in connection with the prevailing of wind whose
direction vas agsinst the outgoing flow of surface waters and ice (let us
recall the ohusarvations of aerial ice recomnaissance in the area of
Papanintsev Strait in April 1954);

(2) in the Canadion-imerican sector, where throughout the summer the
isoburs were stoadily directed from the Bering Strait toward Gresnland,
the ice found in the regions adjacent to Alaska was transported to the
north, In connection with it, concentration and compression of drift ice,
and frequent stoppages in the drift, were observed along the northern
coast of Creenland and the islands of the Canadian Archipelago. Aerial
icc observitions showed that the concentration and compression of ice at
the approaches to Grecnland and Elsnire Land occurred already in Aprile
May 1054%. During the swamer 1954 the drifting stations NP3 and NP4
were carried by a currant that transported the ice across the Arctic
Ocean;
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(3) from the area of the geographic pole, the ice flow (ourrent) is
forced %o move toward the Ezst Sibarian Ssa, the Vrangel! Islands and
the western part of the Chukchi Sea. The presence of the current en-

+

conpassing a belt of the ccean more than 500 km wide explains the ace- -

<

culation of ice along the Chukchi coast in the summer of 1954, In
connaction with the fact that there existed in the immediate area of the
North Pole, = certain, although weakened, outgoing current of surface
vaobters directed tovard the Greenland Sea, the wind drift in the area
wveg somevhat reduced. Therefore, because of differences in the speed
of drift in the southern and the northern sections of the pressure belts,
there were created breaks in the concentration of ice cover which was
very dense indeed;

/23
(I+) around the islands of Severmaya Zemlya such conditions were created
that the ice wos brought from the Kara Sea towvard the north and pressed
to a cervain degree against the west coast of the archipelago. The
some anticyclonic system of drift that furthered the destruction of the
Teymyr masgif suctained the concentration of ice at the central meridians

of the northern part of the Laptev Sea.

The cutlined conclusions are based not only on the examination of pe-
culiarities of the baric relief according to the mean pressure chart but
also on the computation of ice displacements in the Central part of the
Arctic Ccaan according to the "Zubov law"., The computation results are
shom in Pigure 8, cxpressing them in the form of 4drift trajectories
plotted on freely selected points of ice cover,

A more detailed erzmmination of the computed drift trajectories helped
£inl out thet the drift was irregular, i.e. pulsating, during the season
cussed, Thus, the major faltering of the oceanic ice in the
ron nessif ond from there in the Long Strait cccurred in July,
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Mgust and Septenmber. The declination of ice drift toward the south in
the area lying to the west of the drift divide began in June., When in
September the ocean ice began to drift into the Kara Sea, and into the

Laptev Sea, the outgoing regime of drift became established.

In the arcs of Tapaninisev Strait, only in June (during the period from
May o Septenbor) the drift vector was directed toward the Grreenland Sea.

The conclusions devived from the computations of drift during the spring-
sumner sezgon in 1754 were verified by a number of aerial reconnaissances
in high latitudes.

Figure 9 shows the comparison of the actual position of ice barriers and
the boundaries of ice masgifs in the Northern Sea Route in the first half
of Septerber with computation results. The chart discloses the influence
of a peculiar syncptic situation on the ice. The actual status of ice and
the dirvection of its transport are in sufficient agreement with the com-
putations,

Thus it is possible to explain the seeningly paradoxical blockade of the
Chalkehi coast by ice masses brought from the north while stations NP-3 and
MP-L, ocated on the same meridians, were drifting to the north with a

record specd.

In 195%, the ice situetion in the Arctic Ocean can be regarded as an ex-
arple of Lhe dislocation of general scheme of ice drift. The analysis of
he exsmple shows that, in examining the question on ice conditions in
the ‘wchic Se~s along the Northern Sea Route one must take into consider-
ation the displaceo ent of ice in high latitudes and, basically, in the
eres, of trensport - the Papanintsev Strait. The synoptic charts and drift
characteristics of stations NP supply the needed material for such analysis.
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It should bLe ncted that, when examining the computation charts of the
past years, only the chart of the summer of 1933 is analogous to the
chart of the summer of 1954. Let us recall that in 1933 the ice
blocking the Chukchi coast crushed the steamship Cheliuskin,

In the epring-swzier period 1955, as stated above, again an unusual
gtarility of the continuous ice cover was observed along the coasts
of the eactern part of the Bast Siberian Sea, in the long Strait,

end in the western part of the Chukchi Sea. The ice conditions
created hers correzponded well to the ice processes occurring in high
latitudes. It was already pointed out that during the entire summer
period and until the end of September 1955 the resultant direction

of drift and individual detours of the trajectories of drift did not
excead the limits of the characteristics of ice that drifts in a sys-
ton of extrere circular flows of the anticyclonie ring shown in the

| . general schere of drift (Figure 1.).

However, the eramination of monthly drift vectors of station NP-4 from
April to Septembver 1955 demonstrated that the movement speed of the
atation in a direction that might be considered "general" for the

!

station NP-4 in the given area of anticyclonic flbw was not uniform.

Yhen rmoving across the western section of the anticyclonic ring, be-
tween parallels 80 and 85°, the general direction was north-north-

east (15° with respect to the meridian 180°). At the time, the re-
sulbant direction of our ice floe was 352°, which differed little from

the general direction (23°). The projection values of each monthly

rift vector of stabion P-4 on the meridian 180°, i.e. the magnitudes

07 progreusing novement along the anticyclonie ring, were as follows /25

(in km): din April - 18; in May - 42; in June - 45; in August - 32;
in September - 160,

Sireh oignificant fluctuations in the speed of progressing ice displace=-

ment (pulsotion) could not be explained only by shifts in wind regime,
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Inasmuch as the composite ice displacement in any auffioiently
long timo pe-iod appears to be the resultant of two components -
the displocement as a result of wind action and as a result of ice
trensport by surface currents - we made corresponding computations

for each month.

At the selection of wind coefficient, the actual iece eoncen-
tration in the surroundings of station NP-4 having a radius of
50 miles was taken into account; the declination angle of ice
crift from the direction of wind was assumed to equal +30°. The
current vectors were computed from the composite drift vector of
wind drift. The results of the computation, expressed as
vectors of the resultant surface current for each month in the
seme scale as the vectors of wind drift, are shown in Figure 10,
Ixamiring the figure, one can see that in July and August the
retreat of ice from the shore northward must have been at a
minimm. TPurther, the wealkening of the south current and the
ateral (from west to cast) transport of ice by the wind in July,

1

as well as a complete cessation of outgoing current, which was /26

)

even accompanied by the aoppearance of a weak current from north
to south in August, also did not contribute to the recession of

ice from the Chulzchi snd Alaskan shores.

It is evident that a more detailed analysis taking into consid-
eration all the local factore that participate in the formation
of jce conditions on the Northern Sea Route will permit a more
complete formulotion of the role played by ice displacements oc-
curring in high latitudes in this proocess.

An examination of the lines of ice transport by ourrents in 1955
led to the conclusion concerning the relative conservativeness
of the direction of surface current in the area of drifting
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station N’-L, In our opinion, such stability in the direction of
water flow is caused by the fact that the compensating flow from
the Arctic Ocean into the Greenland Sea was active continuously.
The speed of the flow, however, in association with fluctuations in
the atmospheric clrculation in the area of outflow (Papanintsev
Strait) was not wniform and was shifting from month to month.
Taking into account the interlinking of the speed of outflow
through the Papanintsev Strait with the speed of outgoing current
in the central section of the oceen, we verified the causes for
pulsations in the speed of surface currents in the area of drifting
station NP-4 in 1955,

For the purpese, the gradient of semimonthly pressure in the
Papaninteev Strait was computed. The gradient vector was lsid off
on tlhe zero meridisn - the middle meridian of the strait (in the
northern part of the strait it was at the same time the axis of
outgoing flow)s, The computation was based on the assumption that
the projectio:n of gradient on the axis of outflow ean charazcterize

2 F

the dejres of retarding or accelerating effect of local winds on
the sy2ed of outgoing fow in the Papanintsev Strait and in the ade-

Jacent arecas of the Greenland Sea and the Arctic Ocean.

Pigure 11 shows shifis in the tension of wind action in the
Papenictsev Strzit (projection of the pressure gradient vector
over the axis of transport) and in the speed of current in the
ares of drifting station NP-4 in the April-September period. The
identity in the course of the two processes is conspicuously

gshoim in Pigure 11. This convinces us of the correctness of the
working hypothesis concerning the unity of dynamic processes in

the ‘vetic Ocean: the displacement of ice, of surface currents and
the circulation of the atmosphere.
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Tn this case; we regard the local circulation of atmosphere in the
area of ice outflow as a fpotent factor which is able to correct the
spaed of outflow to a considerable degree. The first moye potent
factor determining the transport of ice and surface waters from the
Aretic Ocean is the inflow of Atlantic bottom waters into the ocean.
The study of the nature of this phenomenon, and especially the study
of fluctuations in the tension of the Gulf Stream, is thus inter-

. linked with the sclution of prognostic problems for the Arctic Ocean.

The Possibility of Forecasting Ice Displacements in High Latitudes
of the Arctic Ocean

Vot sc long ogo, during the drift of station NP-1 or the icebreaker
Ge Sedov, the forecasting of general, prinecipal characteristics of
lasting ice drifts in the Arctic Ocean was extremely difficult,
nainly because of lack of knowledge of the general soheme of drift.
Tater, extensive observations on ice distribution in the regions of
high lelitudes adjocent to the Northern Sea Route permitted the
clarification of these characteristics. The more possible directions
of drift and its mean velocities were determined., The knowledge

of the characteristics was, however, more or less satisfactory only
with respect to the Durasian sector of the ocean., As regards the
Canadian-American sector, our knowledge of the character of local /28
ice civculation remained extremely limited until the observations

on the drifting ice islands T-1l, T-2 and T-3 were published; of
specizl sigmnificence were investigations of the drift of the ice

floe on which the station WP-2 was active in 1950-1951.

At the present time, the praciical significance of forecasting ice
drifis in hish latitudos of the Arctic Ocean hes increased tremend-
ously, irnsofcr as the conclusions besed on such forecasts are needed
for solving practical navigational problems on the Northern Sea
Route. The forecacting of the drift of large ice masses in the cene
tral part of the Arciic basin (and the drift of stations NP) has
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hzcome an csscential part of general prognosis on ice conditions on the
Northern Sea Noute as they may affect navigation; practically, this
aspect forms the basis for general ice forecasting.

In 1954 we attempted to compute the drift of stations NP-3 and NP-4

in the lcy-September peried. The solution was based on the computatioh
of wind d»ift calculated from prognostic charts concerning the mean
monthly pressuvre, which were prepared by G. Ta. Vangengein and A. A.
Cirs of the Arctic Institute, and on compuitation data concerning the
direction and mean speeld of surface currents in various regions of the
ccecn. The latter dota we obtained jointly with D. B. Karelin in
194421945 by means of comparatively simple plottings.l

The compnbation of wind drift was done in accordance with "Zubov's
law" by the use of wind coefficients, as was the practice of the

S VRN (o) O (SO 1
Arctic Institute.

=

figures 3 and 4 gliow the prognostic drift vectors of stations NP-3

and NP-/t for the entire period from May to September 1954, in addition
o the actunl drift of the stations. The dotted lines show the come
puted trejectories of wind drift which were based on monthly charts

of mean pressurs. The errors of the computed resultant'drift vectors

P

w

i

in comparison to the actual data were found out: with respect to the
direction of the rasultant drift for station Np-3 it was: -9%; for
stetion NP-k, -18% (the minus mark denctes that the respective drift
%0 be to the left, westward from the actual position); with
respect to the nagnitude of the resultant, the error for station

IP=3 vas +28%; for station NP-#, +9% (plus mark denotes that the mag-

nitede of computed vector was emaller than the actual magnitude).

appeared

p

1?. ie Gordienlko enrd D. B, Kerelin. The problems of ice displacement
and digtribution in the Arctic Besin. Problemy Arktiki (Problems of
the Arctic) no. 3, 1945,
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The errors (of which only one: the magnitude of the resultant drift
of station 1P-3 exceecded 20% of the phenomenon itself) are such that
formally the forecasting can be regarded as satisfactory. At the
present time, however, in the light of careful analysis of the
course of drifting stations NP=3, P-4 and NP-5 in 1954-1955, we
Lowve t0 admit that the prerequisites of prognosis and the con-
clusions from it are unsatisfactory. For instance, the intro=-
duction into the computation of the mean climatological speed of
current, which did not correspond to the baric situation which

wes expected at the circulation of the atmosphere that was setting
in was incorrect. low we kmow that, with the development of cy-
clonic activity between the Bering Strait and the Greenland Sea

ond b the sastern location of the stations as regards the lines of
the Arift divide (and water divide), we had to select a greater

than zverage spead of the surface current.

The conclusions bosed on the forecasting of the displacement of the
two stobions northward must be considered unsatisfactory. The con-
clusicn was not ensued by o prognosis of ice displacements in the
adjacent, ove western area of the ocean, although the displacement
cust have e-ercized a substantial influence on the formation of /29
ica conlition on the Northern Sea Route. The deficiencies in the

prognosis make it altogether unsatisfactory.

When preparing forecasts of ice displacements in any part of the
cean, it is necessary to examine the possible changes of the
curront rogime in the entire central sector of the ocean and in the
ovtgoing nres, to analyze the interaction of moving ice masses in
the conssel helt of the ocean, to clarify the possible breaks and
declinstions as to the genersl drift pattern and thus arrive at con-

clusions of navigational character.
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Despite the foot that the materisls of direct observations on currents
in the Arctlc Oceazn have not yet been processed and we have to use the
data of currents arrived at by indirect computations, the problem on

the processing of prognosis of ice drifts in high latitudes can be
faced even with the

L. %
i

ations that carry out continuous observations on wind ele-

existing means at hand. The presence in the ocean
of a few &
nentg, on air pressure and ice drift permits the preparation of come
saratively dependable charts on the baric relief and drift computations
covering the entire ocean.
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wigh latitudinel processas in the formation of ice conditions

on the Yorthern Sea Route is so great, the range of their phenomena so

significant that the offects must always be taken into consideration when

reparing forecasts of navigational conditions on the Northern Sea Route.

The Scientific Research Station NP=4
(The Arctic Ocean)
September-October 1955
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