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Introduction:

It is a well known fact that the drift of pack ice is determined by wind and
current. ¥urther, it is obvious that the extent of the ice is determined by

ice production, drift and melting.

Much economical interest is involved in the question of predicting ice condi-
tions i.a. for the sake of navigation. While several mathematical models have
been developed concerning short - and medium range forecasts very little succes
has been gained so far concerning seasonal outlook or - even worse - prcdiction
several years ahead. While temperature conditions most likely are the principal

responsible for the ice production and - melting processes, the influence of
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temperature on icedrift, if any, is of much more indirect character and not
necessarily in phasewith the influence on production and melting. It should,
therefore not be expected that a simple relation exists between air tempera-
ture and ice conditions. However, if it is true that the air temperature fol-
lows & predictable cycle of several years, it is clear that it is warranted

to {ind a possible connection between these climatic cycles and ice conditions.
This wish is strengthened if the drilling cores from the Greenland inland ice
docs provide us with a "thermometer"of historical time eince no similar record

exists regarding wind and current.

The Danish Meteorological Institute has become involved in this problem in the
Greenland waters for several reasons, i.a. navigational, which includes the

- demand for predicting the severity of coming ice seasons for the sake of better
planning the shipbuilding program. Will the next %0 years‘bring lighter icesea-
sons, or are the seasons, on the contrary, going to become worse? Is there any
periodicity in the degree of severity? Is there any persistency, meaning that
severe sedsons afe iikély to occur in groups? Such questions have beeh'raised,
and my paper is going to show, that we are still nol able to answer these ques-

tionc with any reasonable degree of probability.

The concept of severe ice seasons:

Onc of the first problems to run into is how to define the degree of severity.
Shall we define it according to information of (I) how the navigational condi-
tions were or (II) according to amount of ice. Even if we could get sufficient
information of (I) and in spite of the fact that the effect of the ice is what
malters, we may reject (I) because cven small ice occurrences may hamper the na-
vigation, if the ice locally is compacting, and because the general judgment of

ice conditions varies from shipmaster to shipmaster.
(11) the amount of ice may be defined in several ways:
a) sum of daily products of areal extent x concentration
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b) monthly or yearly maximﬁm or mean areal extent x concentration
c) wmonthly or yearly maximum areal extent

d) the maximum (twodimensional) extent of the ice along the coast ("the

northernmost ice edge")

e) the length of period of ice being present within a given area
Several other definitions could be put up, but it is obvious that a) and b) are
the only ones which are "exact". However, even the last 10~1%5 years data which
include air reconnaissances and satellite information do not supply us with suf-
ficient information as to enable us to define the season according to a) or b).
Even definition ¢) is demanding more data thgn are available. The only usable
definitions seem therefore to be d) znd e) although these may not correctly re-

flect the degree of severity of the ice seasons.

Basic material: - . .

It is a wellkmown fact that polar ice is drifting from the polar basin down
along the Greenland eastcoast and that the polar ice, mixed up with thick first
Year ice formed off northern Eastgreenland, soon or later in the season under
the name of "Sioris" will pass around Kap Farvel (the southernmost point of
Grecnland) and drift uvp into Davis Strait and more or less up along the west-

coast of Greenland.

Fig. 1 depicts for the years 1900 - 1971 the approximate date on which the polar
ice pass Kap Farvel®,

* This diagram is, like some of the others, an updating and/br revigion of dia-
grams given by J.S. Fabricius (1959) in "Betenkning Nr. 227" concerning navi-

gation in Greenland.
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Fig. 2 illustrate the length of the icescasons off the Greenland westcoast and
refer like all other information in the present paper exclusively to the polar
ice of "Storis", not to the Baffin Bay ice or "Vestis™ which is entirely ex-

cluded from this investigation, although it (extremely rarely) have touched the
area in question, i.e. the waters off the ocast between Kap Farvel and a little

north of Sukkertoppen.

Fig. 3 is a correlation diagram of length of ice period in the area and date of
pagsuge of Kap Farvel. The scale of dates is given in table I.

Table I: Numeric representation of dates.

0 30/9
31 31/10
61 30/11
92 31/12
123 31/1
151 | 28/2 .
'o182 ' 31/3 '
212 30/4
243 31/5
273 30/6
504  31/7
335 31/8
365  30/9
396  31/10
426 30/11

Table II: Northernmost position of the polar ice edge.

Not passed Kap Farvel
Kap Farvel
Frederiksdal
Nanortalik (Nan.)

T voNO

11 Sydpreven
AS



13 Julianehfb

17 Qagssimiut (Qags.)

20 Nunarssuit

25 Arsuk

30 Narssalik

34 Frederikshdb (Fnb.)
36 Avaigat

38 FrederikshAbs Isblink
41 Ravns Store

43  Piskenzsset (Fisken.)
47 Gradefjord

50 Faeringehawn

52  GodthAb (Godth.)

57 Atangmik

59 Napassog

63 Sukkertoppen (Skt.)
68 , Kangamiut .

As the diagram may show there is a fairly good negative correlation (correlation
coefficient -0.86) between passage date (= start of season) and length of sea-
son, which seems to indicate that the starting date varies a lot more than the
termination date of the season. Further it may allow us to concentrate on com-
paring length of period with other parameters, while these comparisons may be

expected valid for the passage dates too.

Fig. 4 depicts the yearly reported northern ice limit, while fig. 5 gives the
frequency distribution of this limit. The figures do not contain eny information
regarding the duration of the ice. Further, modest quantities of ice may have

been present even further to the north without having been reported.

To combine extent and duration the matrix given in the appendix has been set up.
The matrix gives the northernmost position of the ice edge month by month through
the scasons 1899/1900 to 1971/72. The northernmost position is indicated no

r
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matler wether the ice ramained at this position through the whole month or a

few hiours, only, within the indicated month. The scale of the matrix is given

in table II and is nearly proportional to the distance lrom Kap Farvel along

the outer coéﬁtline.

It would be desirable to extend the scale as to include information of the southern-
most ice edge on the east coast in the period(s) when the ice ie not rresent west
of Kap Farvel, However, the date fror the eastcoast are far too sparse to enable
this extension. Fig. 6 is based upon this matrix and for the sake of clearness
the dividing steps of the blockheighl has been made logarithmic: No signature
means that polar ice has not been reported off the westcoast at all. £ mm: the
ice in the month concerned was present but not reported north of Nunarssuit (table
II fig. 2-20); 1 mm: ice present north of Nunarssuit but not of Ravns Store
(table II fig. 21-40). 2 mm: north of Ravns Stors but not of Napassoq (table II
fig. 41-60). 4 mn: ice present even north of Napassoq at least once within the
given month. All these diagrams way illustrate how varying and obscure the ice
conditions seem 1o be. Is it possible out of this mesh to find any persistency

]

.1

coherence?'

Processing results™:

In fig. 7 the position of northernmost ice edge in January is correlated with

its position in February. Although the correlation coefficient is only 0.53 it

scems that a northerly position in January may have a tendency to be followed
by a northerly position in February, too. However, it appears from fig. 8 that
this tendency has vanished already in March. Fig. 9 and 10 gives the same im-

premssion for the months May/June and May/August.

How nuch can be concluded about the extension (NU) of the ice in the following

season from data of iceextension in the present season? Very little; the best

* e computer program was set up and the processing executed at RECKU computer
center by Mrs. M. Lilholt. In all ab. 3.000 correlation diagrams were plotted.
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corrclation seem to be NU May (year N)«—sNU April (year N+1) and NU May (year N)
e—NU May (year N+1) and NU June (year N)«—NU April (year N+1) with correlation

coafflicients of 0.3%9 or lower!

Concludingly may be said, that the tendency of ice extension may persist into

the following month, only, i.e.: very little, if anything can be predicted from

the prescnt state of the ice concerning the ice conditions several months later

in the scason. -

How much may be concluded from the length of a given ice season concerning the
following scason? Apparently nothing. Correlation coefficients between length
of period (PL) year (N) and length of period year (N+1)}, (N+2), (N+3) respective-
ly are 0.32, 0.23 and 0.28 and the correlation diagrams show "circular clouds of

- ., dots™.

Is there any significant coherence between the extent of ice and the length of
the current ice period? Very little, if any. The best correlation is found be-
tween January extent and length of the ice pericd (fig. 11). However, since the

iceperiod frequently does not start till after January this coherence is not

surprising. Fig. 12 and 13 concern the extent in April and May. April extent is
. apparently not correlated with length‘of ice period at all, while May may show
some correlation with the period length. Ice extents in all other months do not

seem correlated with length of ice period in any way.

Is there any coherence between the extent of ice and the length of the following

ice scason? No significant. May diagram seem to show some correlation (c.c. 0.32),

but this may have arizen by chance; diagrams of all other months show no corre-

lation at all.

Is there on the other hand any coherence between length of season and extent of

ice the following ice season? No.
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Is therc any correlation between the date of polar ice passing Kap Farvel, i.e.

date of initiation of the ice season and the extent of ice in that season? No.

This mcans that nothing can be predicted from the initiation date about 1lhe se-

verity of the season with respect to the {twodimengional) extent of the ice.

Corrclation with air temperatures:

For the sake of elucidating possible connexions between air temperatures and sea
ice conditions the preceding ice data have been correlated with air temperature
data. Unfortunately only very few stations in or near the area have continous or
homogenised records through the whole period 1900-1971. The 4 stations Pt. Barrow,
Jan Mayen, Godthib and Upernavik fulfil the requirements and were chosen and their
data correlated with length of ice period (PL) and ice extent off the Grecnland

" west coast (i.e. the northermmost ice edge (NU)) O, 1, 2 and 3 year later. No cor-

relation at all was found between air temperatures at resp. Pt. Barrow, Godthib,

Upernavik and the ice data.

Jan Mayen air temperatures (JT) seem to be correlated with the ice conditions to
some extent. Below is given the correlations which on the diagrams seem to be

"best (and which with one exception had the highest correlation coefficients (c.c.)):

JTe—NU; JT Nov'(year Nyp—:NU January(year N+2); c.c.: -0.55
®
JT Ja.n.Nr-—-,NU JB.II-(N+1); C.C.t —0.55
- < NU Febr(N+1); c.c.t ~0.43
X
JT May, <—NU Jan.(N+1); c.c.: =-0.6C
JT Julch——oNU Febr(N+l); c.c.: -0.41

- “—NU Febn( c.c.: -0.49

N+2)}

¥ The frequency distribution of NU Jan. is very skew whence the relatively heigh

c.c. may be meaningless. .

A9



9 +

JT Sept.N“”‘NU May (N+1); c.c.: -0.29
- ~—=NU May (w+2) c.c.: =0.33
- —=NU June(N+l); c.c.: =0.29
- — NU June(N+2); c.c.t: -0.34
- —= NU June(N+3); c.c.: =0.44

JT Oct.ﬁ'"“‘NU AprilN 3 c.c.: +0.3
- — NU April(N+3); c.c.: -0.38
- — NU Mayﬁ H c.c.: +0.19
- *—">NUI~Iay (N-I'}); c.c.: =0.43

o . . - ) . _ .
JT—PL: JT Sept.N PL (8+1) H C.C.1 0.%9
JT Nov. ﬁ__‘PL(N+1) 3 c.c.: =0.60

. J? %?pt‘ﬁd—’PL(N+2) $ c.c.: =-0.%5 .

Three of the corresponding diagrams are shown: Fig. 14 shows a relatively good

‘correlation between JT Jan., and NU Jan.(N+l) which might indicate that the air

X
temperature at Jan Mayen is reflected in the ice conditions off southern West-
greenland one year later, which is a rather long delay compared with the ge-
nerally assumed pack ice travelling time of ab. 6 months from Jan Mayen latitude

to Kap Farvel.

On the other hand fig. 15 seem to show some, apparently weaker correlation be-
tween JT May and ice extend 8 month later. Finally, fig. 16 may show some, how-
ever cxltremely faint correlation betwszen JT Sept. and the length of following

ice season in southern Westgreenland.
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Concludingly may be said, that the temperature data do not seem to be of much

help in predicting the severity ol tae jce seasons (as severity is defined in

the present paper).

This ratlher discouraging conclusion corresponds well with the observed fact
that the presence of atmospheric lows in Davis Strait frequently acceleratles
the penetration of the pack ice to the north, whence shortlasting "out breaks"

of the ice are frequent.

All
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LENGTH OF ICE PERIOD , 1900 - 1971.

White scction of columns indicate sporadic cccurrences before and after

the season.
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'1899/ﬁ960
1900/1901
1902
1903
1904
1905
1906
1907
1908
1903
1910

1911

1912
191%
1914
1915
1916
1917
1918
1929
1920
192
1922
1923

1924

TOLAE ICH, CGREKNLAND W

0 N
8
8
13
13
46
25,
2
1T 11
2
30 2
25
25 34
8 25

11

.17

25
13

11

25

30

17
34
11

17
13

.25

13
11

11

34

11
11

11

34

- 21 -

F

25
34
11
20
20

30

13
25
13
13
43
25

11

34
25
13
13
11

M
£1

34
25

" 11

25
11
13

25 -

25
25
43
43

25‘

17
17
34
11
34
34

13
13
17
'.

34

36
34

45

25
43

30

43
41
54
43
43
20

34

20 .

34
20

36

25
25
50
20

63

SSTCOAS'Y, NORTHERN LIMIT.
(ref.: Table II)

52

34

36
20
52
41
59

20
34
43
43
41
43
25
17
25
34
11
52
4>
17
13
20

20

20

43

>4

13 .

20
30
>4

5]

13

54

25

20

25

11



1524/1925
1926
1929
1928
1929

1930

11

(2)

n

25

-~ 22 -

13

11

17

11

17
20

17

17

20

20
17
17

H

17

11
25
13

- 25

36
34

25
11

25
17

41

41

17
25

17
20

B9

25
34

36

20
52
36

13

17

36
17
25

25

20

20
17
54

17
43
17
52

25

20
34

20
41
30

17
11

11

17

17 .

43

11

17

")

36
34



1950/1951

1952

1956

1957

1953
1959
1660
1961
1962
1965
1964
1965
1966
1967
1968
1269
1970
L1970/2971
1971 /1972

11

25

20

pWs |

20

13

20

13

5.

13
13
13

20

11

11

13
20

20

25
20
17
43
25
20
17

F M
13 13
8 20
2 1%
22 20
A1 . 36
15 8
11 34
20 34
50 25
1717
8 8
38 25
25 20
25 50
43 25
20 13
20 34
43 45
5 52
20 38
25 43

B 10

20
38
34
50
43
63
50

34

11

17

43
25

13

43



