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Fig. 10. The position of
the ice edge is shown at
several dates from Au-
gust 10 to December 27,
1968. This composite
picture is compiled from
APT pictures and air-
craft reports. The quest-
ion is: will we be able
to forecast the movement
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snow from the land near the coastline will
frequently show up as an apparent break in
the icefield, while big leads (polynyas) in the
ice-pack give evidence of great internal stresses,
that are not easily explained. New and trans-
parent ice is not discernible in the pictures.
However snow that falls on top of ice of this
kind will make it immediately visible. This can
cause some confusion since the ice edge may
seem to have advanced inexplicably far in a
short time, and quite rapidly in spite of gentle
wind speed. This kind of ice tends to break up
easily and moves then much more rapidly than
the main ice-pack.

Conclusion: By using APT pictures and
mapping the position of the ice edge, when-
ever possible, and also using average monthly
surface pressure maps, revised every 10 days or
so, it should be possible to forecast the move-
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ment of the icefield 10 to 15 days ahead. These
forecasts would be based upon Zubov’s rule:

V= a,Ap

where V is the drift of the ice in kilometers
per month.

Ap is the pressure gradient in millibars per
kilometer, calculated from an average monthly
surface pressure map, and

a; is called the isobaric coefficient.

The rule is based on an empirical approach
so one would probably have to find a new
value for . In the preliminary studies the
value 13,000 was used.

REFERENCES

Gordienko, P. A. 1961: The Arctic Ocean. Sci-
entific American, May 1961.

Winds and Ice Drift North of Iceland,
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ABSTRACT

The aim of the work presented here was to
investigate whether the onrush of drift ice to
the north coast of Iceland in February 1965
was caused chiefly by winds, and to study the
correlation between the movement of the ice
edge east of Greenland and the winds in these
iracts.

Secondly it was the purpose to follow the
movements of the ice in Icelandic waters after
it had arrived and to find how its drift was
related to winds.

INTRODUCTION

In the 19th century is was believed in north-
ern Iceland that westerly winds increased the
danger of ice. British meteorologists came to
the same conclusion after their experience in
Iceland during World War II, especially in
the spring of 1944. (British Hydrographic
Dept. 1946). Their research included seven
years of the period 1931 to 1945 and showed
that when southwesterly winds between Ice-
land and Greenland had lasted one to two
weeks, one could expect drift ice near Straum-
nes, and after a duration of three weeks it
would have passed Horn. The months August
to November were excluded, because in these
months drift ice near the Icelandic coasts is
an exception.

In the years 1951 to 1956 the author kept
a record of wind components between North-
west Iceland and the Greenland coast. In these
years no considerable ice occurred in Icelandic
waters, so these observations were discontinu-
ed. They showed, however, that a few days ol
southwesterly winds always preceded ice oc-
currence at the coast of Vestfir$ir,

It may seem more natural that northwesterly

winds would bring ice to the coast. But due
to the elfect of Greenland northwesterly winds
are an unstable phenomenon at the northwest
coast of Iceland. Southwesterly winds can,
however, last there for days, even weeks.
Therefore, it becomes their role to bring in
the ice to Vestlirdir, at least when the ice belt
along Greenland is relatively narrow.

After a few days of unusually strong south-
westerlies off the northwest coast, ice came in
the proximity of Straumnes and Horn on the
9th and 10th of January, 1952. It was apparent
from trawler reports that the ice edge had
moved 80 miles* towards the coast. By assum-
ing the surface wind to be 709, of the geo-
strophic one, it appears that the ice has drift-
ed with the speed of 4-59 of the surface
wind. This is about twice the speed H. U.
Sverdrup (1942) reports from the Arctic. There
he found that the thick April ice drifts with
1.49, of the wind velocity against 2.49 for
the thinner August ice. Here off the northwest
coast of Iceland, we have altogether different
conditions. The tloes at the ice edge are thin
and will, therefore, drift with a higher per-
centage of the wind velocity than thicker ice.
Secondly, in a southwesterly wind over the
Greenland Sea in winter the air is in an un-
stable state, so the velocity of the air above
is easily carried down to the surface. Such
turbulence effect causing transport of mo-
mentum is always present over the partly open
waters at an ice edge when the wind blows
out from the solid or nearly solid, cold, main
drift ice. This turbulence is probably the
greatest factor in forming a belt of open drift
and scattered floes along the edge of major
drifts.

*) Nautical miles are used throughout.
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And, although it is not known to what an
extent ocean currents may have eflected the
drift of the ice in the case above of Jan. 1952,
one is led to believe that in some cases scatter-
ed floes can drift with as much or even greater
speed than 49 of the wind velocity.

ICE AND WINDS
EAST OF GREENLAND

Before considering the ice condition in the
year 1965, some analyses of the average condi-
tion of winds and ice north of Iceland is
necessary, because the ice that comes to the
northeast coast of Iceland must originate there.

The winds have been divided into two com-
ponents, one along the ice edge, the other
perpendicular to it, or rather to lines selected
close to its average position; Fig. 1. The ice
edge is divided into three regions, each 300
miles in length, named region N, region M
and region S. Monthly component values are
found from the charts of the German Weather
Office in Hamburg: Die Witterung in Uber-
see.

The position of the ice edge is taken [rom
the monthly ice charts issued by the British
Weather Office since March 1962. Fig. 2 shows
the position of the ice edge in relation to the
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Fig. 1. The regions or lines from which the
ice limit is measured and the wind components
worked.
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lines N, M and 8. Each ice year is considered
to begin in October and end with September,
since then the ice is at its minimum as clearly
appears in Fig. 4. It is obvious that the ice
coverage is greatest in all the three regions
at the end of February, but it decreases relpid-
ly in March and April in regions N and M,
whereas the decrease is much slower in region
S between Jan Mayen and Iceland.

In order to get an oversight over the ice
amount each year with respect to other years
and to the average condition a graph has been
made chowing the position of the ice edge
with respect to the monthly mean, Fig. 3. In
region S the ice years 1965 and 1968 stand out,
also 1967. Furthermore, there is quite apparent
ice in this region in the falls of 1963 and 1967.

In region M there has been an unusual
amount of ice in the fall of 1967, the following
winter and spring.

This excess of ice north of Jan Mayen in the
early winter must be to a great extent re-
sponsible for the ice at the north and east
coasts of Iceland in the spring of 1968. In
the spring of 1965 there is a maximum in
region M. This excess is due to unusually
strong westerly winds in these tracts in Febru-
ary, the same winds as prevailed in region §
and brought drift ice to the coasts of Iceland
and will be discussed later. Considering region
N, maxima appear both the winters 1935 and
1968; there is, however, no maximum in 1967.
In the summer of 1962 a maximum appcars
also in region M. This excess lasted into the
fall, and after a 7 knots geostrophic wind com-
ponent out from the ice edge in January in
region S, ice was seen ofl Horn the first days
of February, 1963. But eastely winds in this
region the following months kept the drift
away the rest of the year.

Fig. 5 shows the average wind components
east of Greenland the years 1962 to 1967. The
most striking feature is the strong NE com-
ponent along the ice edge in winter. There
are 12 to 14 knots maxima in March and
December but minima 0 to 2 knots in June.
February reflects the exceptionally strong
westerly winds in this month in 1965. The
mean velocity in winter is 11 knots. One per
cent of this, amounting closely to the Zubov's
formula of ice drift, is some 214 miles a day
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Fig. 2. The ice coverage east of Greenland. Distance from lines N, M and $ in nautical miles.
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Fig. 3. The ice amount east of Greenland in

which is 80 miles a month or 5.7 cm/sec. We
can, therefore, assume that so much of the
couthwestwards drift of the ice in winter is
due to winds on the average. In some months
the NE wind is twice as strong as the mean
wind, and presumably the ice drift increases
correspondingly. Preceding the arrival of the
ice in 1968 the average speed of the NE wind
components for the months January to March
was 18 knots in region N, 17 knots in region
M and 11 knots in region S. .
The wind component perpendicular to the

excess of the 6 vears mean for the month.

ice edge is much weaker and more irregular
as shown in Fig. 4, especially in region M.
The maximum SE wind occurs in spring, and
the rapid recess ol the ice at this time of the
year must partly be due to this maximum, In
region S the wind direction is from the SE
all year around with maxima in the spring
and fall. This inwards component is, at least
in part, responsible in keeping the ice belt to
the Greenland coast. It happens only when
this component fails that the drift spreads out.
And the danger of spreading out of the ice
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Fig. 4. The average distance of the ice edge
from the lines N, M and S 1962—1968, mea-
sured in nautical miles,

belt becomes serious when northwesterly com-
ponent sets in. This happened in the year
1965. In December the average outward com-
ponent was 6 knots and again 9 knots in Febru-
ary, at the time of the year when the ice belt
is widest.

Although one can point out different cases
when the ice responds to the wind, the graphs
of the wind component normal to the ice edge
and the movements of the ice edge do not
correlate closely. The correlation coefficient of
these two factors was only 0.31 in region § and
still smaller in the other regions. All cases,
when the wind component perpendicular to
the ice edge was 3 knots geostrophic or more,
were taken separately and compared to the
movement of the ice edge. Then the correla-
tion coefficient in region N was 0.05, 0.24 in
region M and 0.44 in region S. The poor cor-
relation in the northern regions is no doubt
due to various reasons: First, the period, a
month, may be too long because ol drift be-
tween regions; also the lines N, M and S do
not always coincide with the moving ice edge.
Secondly, the ice charts are inexact in these
northerly tracts, especially in winter. In the
third place, the main reason is probably that
the movement of the ice edge is less depen-
dent on winds in these regions than it is on
the temperature and currents of the ocean.

The correlation coefficient 0.44 in region S
is large enough to show that winds are to a
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considerable degree responsible for the move-
ment of the drift ice there, although other
factors also play their roles. They are sea cur-
rents, freezing in winter and melting in spring
and summer. However, sudden outbreaks are
no doubt due to winds. Two times during this
period of six years the outward movement of
the edge exceeded 100 miles in a month, in
February 1965 and March 1967. In both cases
the NW wind component was decisive.

As mentioned before, there is a small cor-
relation between the movement of the ice
edge in each region and simultaneous wind
component alongside it. On the other hand
there is a connection hetween the movement
ol the ice edge in region S and the difference
between the strength of the NE wind there
and in region M. The correlation coefficient
is 0.46. This fact shows that when ice drift is
greater through the northern limits of region
S than the drift through the southern limits
towards the southwest, the ice spreads out but
is not entirely pressed together. This effect
was present in 1968, Then the mean NE wind
component for the months February and
March was only 8 knots in region S compared
to 15 knots in region M. The difference, 8
knots, is sufficient to account for a drift dil-
ference of 100 miles in these two months, Since
the width of the ice belt was close to 300 miles
at this time, the outward movement of the ice
edge might have amounted to 100 miles due
to this effect from the beginning of February
to the end of March.

In recent years very cold outbreaks of arctic
air south along the east coast of Greenland
have been more frequent than before. And it
is mainly due to these outbreaks that the
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Fig. 5. The average wind components east of
Greenland for the years 1962—1968. Geo-
strophic wind in knots,

TABLE 1

Mean winter winds east of Greenland in degrees true and knots geostrophic.

Region N

060 — 13
..... 040 — 13

1956—1961
1962—1967 ...

Region M
045 — 11
040 — 11

Region §
065 — 12
060 — 10

TABLE 2

Mean geostrophic wind component in knots across and along the average ice edge east of
Greenland for the years 1956 through 1967

Region N

SE NE
January ..., SRR — 4.8 12.2
February .............. . 3.0 11.1
Marteh e S oy e 4.2 14.1
£ 0] o | A 5.5 8.4
May ... o 2.6 5.1
June ... oL s 0.4 2.6
Jalye i, o v e 0.0 1.6
T 2.1 2.3
September . .... SR S 2.1 5.0
L& (1] 511 P ———— S5 5.2 9.1
November ................ 54 10.1
December ... ... TR 7.2 12.3

winter temperature of Iceland has lowered con-
siderably these latest years. Comparison of the
mean winds for the months October through
March for the period 1956—1961 to the ones
in 1962—1967 shows a tendency towards more
northerly wind direction. The difference ap-
pears as a 214 knots decrease in the SE wind
component for all three regions. The dilfer-
ence is greatest farthest north. See Table 1.
Besides the change of direction the wind
speed in region § has decreased, indicating a
recess in the Iceland low. The change of wind
direction in region N is bound to result in
strengthening of the East Greenland Current
and also an increase in ice drift south through
the strait between Northeast Greenland and
Svalbard. Farther south the wind change makes
it easier for the ice belt to broaden, and the
filling of the Iceland low results in retarda-
tion of the' ice flow towards the southwest
between NW Iceland and Greenland. All these
factors relating to wind changes east of Green-

Region M Region S

SE NE SE NE
0.5 12.4 1.2 10.8
—1.2 9.8 0.7 8.3
0.2 10.9 3.8 11.4
22 9.1 2.7 10.4
1.3 5.2 3.0 6.1
0.1 3.0 1.9 3.8
— 0.9 24 0.8 2.0
2.3 4.8 0.6 5.3
1.3 5.0 24 5.2
1.5 8.8 3.5 9.8
0.0 10.5 2.3 9.9
2.5 13.3 2.6 13.3

land are probably the prime factors causing
the increase of ice in Icelandic waters in the
latest years.

THE ICE IN 1965

The first months of the winter 1964—1965
nobody even thought of ice in Icelandic waters,
However, in region N the amount of drift ice
was greater than usual in October and Novem-
ber. Similar increase appeared about a month
later in region M, as can be seen in Fig. 3.
And near Jan Mayen some ice was observed
in November. In region S the ice edge was 20
to 40 miles nearer the Greenland coast than
normally until the end of January. At that
time a maximum that had appeared in region
M in December had disappeared and a min-
mum come in stead. The reason for this
change is obviously the fact that southeasterly
wind component had prevailed most of _]anﬁ—
ary as seen in Fig. 6.
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Fig. 6. Geostrophic wind component out from the ice edge in the winter 1964 to 1965. Broken
lines in region M, dotted lines region S. — Note the strong outwards wind in Dec. and Feb.

On the 13th of February open pack ice was
reported at the northwest coast where it re-
mained the following weeks. At the same time
the pack ice approached land farther east, and
on the 24th of February the first floes hit the
coast. The following day a tongue of ice had
passed to the south of Langanes and continu-
ed on its southwards course the following days.
See Fig. 8.

Great changes have taken place since the
beginning of the month. In region § the ice
edge mowed 90 to 210 miles towards the
southeast, the average being some 140 miles.
See Fig. 7. The reason is clear. In stead ol
east-northeast geostrophic wind of 10 to 12
knots, which is the mean winter wind here, a
due west wind of 13 knots is now the average
for February. All inward thrust by the wind

Fig. 7. The ice edge at the end of the months
December, January and February, 1965.
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is gone and a strong outward push has taken
its place. Actually, the outward movement of
the ice seems greater than to be caused by
the wind alone, especially where the ice tongue
extends south along the east coast. This is
only natural, because it is here the East Ice-
landic Current would be expected to play its
greatest role.

After the arrival of the ice to the coasts its
movements can be followed from day to day.
It becomes apparent that besides tidal cur-
rents the wind is the major factor in moving
it about. Fig. 9 shows graphs of the north
and west wind components at the northeast
coast of Iceland where the mid point is at
66.5° N and 16° W. The graphs are drawn
from three days means, and one can almost
use them as a diary on the movements of the
ice. With the February graphs there is also
drawn the west wind component between the
stations Galtarviti in Northwest Iceland and
Cape Tobin in Northeast Greenland. The
great similarity between this curve and that
for the west wind at the coast of Northeast
Iceland shows that a good estimate of the
winds north of Iceland can be formed by mea-
suring the gradient off the northwest coast.

Here the movements of the ice at the shores
of Iceland will not be followed closely. It
wandered away with offshore winds and came
in again with onshore winds. After a few days
of northeasterly winds in March it reached its
southernmost position at the east coast due
east of Berufjordur. It blocked the way for all
navigation at Langanes from the 18th of
March to the 22nd of April. Off Cape Horn
navigation was never hindered for any length
of time but sailing was often difficult in
Hunafléi. In May the wind remained easterly
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most of the time : i : s
1¢ time and drove the main bulk Iceland, especially in the northern and eastern

of the ice away towards the west and north-  districts

| west. See Fig. 10. Only on the east coast of )
VestlirSir and in the [jords ol the northeast
coast ice remained pressed to the shores by the SUMMARY

i wind and a few harbours were closed for this
i reason. This ice drove off to sea with great
rapidity as the wind turned into the west the
last days of May. Thereby the ice was gone
for good this year except for scattered grow-
lers and floes which remained in Hrﬁml’iiirﬁ-
ur and Midfjordur until the latter p:n‘-t of
June, But still the after effects of the ice were
felt in the low temperature of the surface wat-
ers of the sea, which caused considerable low-
ering of the mean summer temperature in

. The observations made here are strongly in
favor of the opinion that the ice in Icelandic
waters in 1965 was due to unusually strong
westerly winds north of Iceland in IJ-“ebru;n‘y
that year. Such has undoubtedly often been
the case in past centuries. However, it must
not be ignored that the amount of ice present
in the tracts east of Greenland must also he
a deciding factor. It may be pointed out that
the two months preceding the arrival of the
ice in 1968 there was no westerly wind north
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Fig. 9. Geostrophic wind components near Rifstangi on the northeast coast of Iceland in 1965
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of Iceland. The southeasterly wind component
was zero both these months, and one can argue
that a mean wind thrust onto the ice edge to
keep it in the East Greenland current is miss-
ing. It has also been pointed out that the
turbulence over partly open water at an ice
edge is bound to cause scattered floes to drift
considerably faster than the main ice and that
their speed is likely to be as great as 49, of
the wind speed, or even greater. It has been
shown that the northeasterly wind along the
east coast of Greenland takes a good part in
the ice drift southwards in winter and that
this part varies greatly from month to month.

It appears that the ice drift is more depend-
ent on winds in the region between Iceland
and Jan Mayen than it is farther north. Also
the fact stands out that the past six years the
winter winds are more northerly than the six
years before, thus explaining, at least partly,
the increasing amount of ice in Icelandic wat-
ers.

Finally 1 want to stress the need of close
watch of winds and pressure pattern north of
Iceland not only monthly but daily, if one is
to attempt the forecasting of ice arrival at the
north coast of Iecland. It is also necessary to
keep track of the ice edge as far north as to
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Jan Mayen. This may possibly be done by the
use of satellite pictures, but weekly reconnais-
ance flights are to be recommended.
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Report on Sea Ice off the Icelandic Coasts
October 1967 to September 1968
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More drift ice was observed in Icelandic
waters than in any year since 1888. Some ice
was reported near the coasts approx. 180 days
and almost continuously from March 3rd to
July 25th. The ice frequently impeded or clos-
ed navigation and at times it was completely
blocking the northern and eastern coasts of the
country,

The number of ice messages received by the
Icelandic Meteorological Office greatly exceed-
ed that in all previous years. Messages [rom
ships and meteorological stations cover 232
pages in the ice journals of the office. Of
these 36 pages were for March, 65 pages for
April and 81 pages for May. For comparison
can be mentioned that ice reports from the
year 1966—"67 cover 41 pages, from 1965—'66
12 pages and from the year 1964—'65 which
also was a severe ice year, 36 pages.

The year was considerably colder than nor-
mal, deviations of yearly means ranging [rom
—0.8° C in the extreme south and southwest
to —2.3° C in the extreme north. The first
nine months from October to June were colder
than normal on practically all stations, and on
a few stations on the northern promontories
and on the east coast even all months of the
year were below average. On most stations
however July and September were above
normal.

Sea temperatures were also mostly lower than
average with deviations of yearly means rang-
ing from —0.4° C at Stykkishélmur to — 1.6°
C at Raufarhéfn and —2.3° C at Teigarhorn.

Below are quoted monthly means of air
temperature and deviations from normals at
Hornbjargsviti, Stykkishélmur and Raufarhifn,

Hornbjargsuiti 66°25° N, 22°23 W, 26 m above M.S.L.

Oct. Nov. Dec. Jan. Feh.

Means 1967—'68 .
Deviations ......

March  Apr.  May  June July Aug. Sept. Year

1.6 —0.1 —23 —46 —3.6 —6.0 —16 1.1 40 90 80 59 09
—21 —20 —25 —38 —25 —56 —2.0 —28 —26

0.8 —02 —0.7 —22

Stykkisholmur 65°05° N, 22°44” W, 17 m above M.S.L.

Oct. Nov. Dec. Jan. Feb.

Means 1967—'68 .

March Apr.  May June July Aug. Sept. Year

ns 24 —00 —14 —27 —27 —25 07 41 7.0 109 96 85 98§
Deviations ... .. . =21 -22 -18 —-19 —18 —27—-11—-1.6 —1.7

05 —-04 06 —14

Raufarhifn 66°27° N, 15°57° W, 5 m above M.S.L.

Oct. Nov., Dec.  Jan. Feb.

Means 1967—'68 .
Deviations

March  Apr.  May June July Aug. Sept. Year

14 —09 —28 —43 —47 —6.1 —28 0.1 48 83 85 58 06
...... —19 —20 —28 —29 —28 —52 —3.1 -39 —21 —06—-038 —1.0 —2.3
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