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It is a well known fact that the drift of pack ice is determined by wind wld 

current. Further, it is obvious that the extent of the ice is determined by 

ice production, drift and melting • 

Huch 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 a:n.y, is of much more indirect character and not 

necesGarily in phase wi th the influence on production and mel ting. It should, 

therefore not be expected that a simple relation exists between air tempera­

ture p.1l<l ice conditions. However, if it is true that the air temperature fol­

lows a predictable cycle of several years, it is clear that it is warranted 

>. 

to find a possible connection between these climatic cycles and ice conditions. 

~'hin wi"h is strengthened if the drilliUS' cores from the Greenland inland ice 

doC's provide us wi th a "thennometer" of historical time since no similar record 

exists reearding lVind and current. 

The Danish.Meteorological Institute has become involved in this problem in the 

Gr<,onland '<Iaters for several reasons, La. navigational, which includes the 

demand for predJcting the severity of coming ice seasons for the sake of better 

planning the shipbuilding program. Will the next 30 years bring lighter icesea­

sons, or are the seasons, on the contrary, going to become worse? Is there a:n.y 

periodicity in the degree of severity? Is there a:n.y persistency, meaning that 
• 

severo seasons are iikely to occur in groups? Such questions have been 'raised, 

and my paper is going to sholV, that we are still not able to answer these ques­

tionG with a:n.y reasonable degree of probability. 

The concept of severe ice seasons: 

One 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 

infornation of (I) and in spite of the fact that the effect of the ice is what 

nluttors, we ruay rejoct (I) because even small ice occurrences may hamper the na­

vication, if the icc locally is compacting, and because the general ju~nent of 

ice condi tions varies from shipmaster to shipmaster. 

(II) the amount of ice may be defined in several ways: 

a) SWll of daily products of areal extent x concentration 
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b) monthly or yearly maximum or mean areal extent x concentration 

c) monthly 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 10-15 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 c) is demanding more data th~ are available. The only usable 

" definitions seem therefore to be d) ~\lld e) although these may not correctly re­

flect the degree of severity of the ice seasons. 

Basic material: 
, " 

It is a wellknown 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 nama of "Storis" will pass around Kap Farvel (the southernmost point of 

Greenland) and drift up 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/or revision of dia­

grams given by J.S. Fabricius (1959) in ''Betmnkning Nr. 227" concerning navi­

gation in Greenland. 
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Fig. 2 illustrate the length of the iceseasons off the Greenland westcoast and 

refer like all other information in the present paper exclusively to the polar 

icc of "Storis", not to the Baffin Bay ice or ''Vestis'' which is entirely ex­

pludcd froUl this investigation, although it (extremely rarely) have touched the 

area ill question, Le. the waters off the ocaet between Rap Farve1 and a Ii ttle 

north of Sukkertoppen. 

Fi~. 3 is a correlation diagram of length of ice pericd in the area and date of 

passuge 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 

182 '. 31/3 

212 30/4 

243 31/5 

273 30/6 

304 31/7 

335 31/8 

365 30/9 

396 31/10 

426 30/11 

Table II: Northernmost position of the polar ice eMe. 

0 Not passed Kap Farvel 

2 Kap Farvel 

5 Frederiksdal 

8 NanortaIik (Nan. ) 

11 Sydpr0ven 
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13 JulianeMb 

17 Qagssimiut (Qags.) 

20 Nunarssuit 

25 Arsuk 

30 Narssalik 

34 FrederiksMb (Fhb. ) 

36 Avaigat 

38 FrederiksMbs IsbUnk 

41 Ravns Stor0 

43 FiskeIllllsset (Fisken. ) 

47 GZ'aldefjord 

50 Freringehavn 

52 GodtMb (Godth.) 

57 AtaJ18mik 

59 Napassoq 

63 Sukkertoppen (Skt.) 

6ij KMgamiut 

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 secms to indicate that the starting date varies a lot more than the 

termination date of thc 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 any information 

regarding the duration of the ice. Further, modest quantities of ice may have 

berm 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 seasons 1899/1900 to 1971/72. The northernmost position is indicated no 
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matter w.::thur the ice ramained at this position through the whole month or a 

1'ew llOurs, only, wi thin the indica ted month. The scale 01' the matrix is given 

in taule II and is nearly proportion",l to the distance 1'rom Kap Farvel along 
• 

the outer coastline. 

. ' 

It \'/Culd be desirable to extend the scale as to include in1'ormation 01' the southern­

most ice edge on the east coast in the period(s) when the ice is not present west 

of Kap Farvel. However, the date 1'rOIr. 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 blockheight has been made logarithmic: No signature 

means that polar ice has not been reported o1'f the westcoast at all. i rum: the 

ica in the month concerned was present but not reported north of Nunarssuit (tabla 

II 1'ig. 2-20); 1 rum: ice present north of Nunarssuit but not of Ravns Stor0 

(table II fig. 21-40). 2 mm: north 01' Ravns Stor0 but not 01' Napassoq (table II 

fie. 41-60). 4 nun: ice present even north of Napassoq at least once within the 

given month. All these diagrams may illustrate how varying and obscure the ice 

condi tions seem to be. Is it possible out of this mesh to find any persistency 

coherencei 

Processina resultsK
: 

In fie. 7 the position 01' northernmost ice ede;e in January is correlated with 

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

seems that a northerly position in January may have a tendency to be followed 

by a northedy position in February, too. However, it appears from fie. 8 that 

this tendency has vanished already in March. Fig. 9 and 10 gives the same im­

pression 1'01' the months May/June and l1ay/August. 

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

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

K 
~'hc computer proeram was set up and the processing executed at RECKU computer 

center by l1rs. 11. Lilholt. In all ab. 3.000 correlation diagrams were plotted. 

A7 



7 

correlation seem to be NO May (year N)~NO April (year N+I) and NO May (year N) 

"---">Im Nay (year N+l). and NO June (year N)<---->NO April (year N+I) with correlation 

coefficients of 0.39 or lower I 

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

the follol<ing month, only, Le.: very little, if anything can be predicted from 

tl", present state of the ice concerning the ice conditions several months later 

in the season. 

Hml much may be concludod from the length of a given ice season concerning the 

folloHing season? Apparently nothing. Correlation coefficients between length 

of period (PL) year (N) and length of period year (N+l), (N+2) , (N+3) respective­

lyare 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

tHeen January exbent and length of the ice period (fig. 11). However,' &ince the 

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

surprising. Fig. 12 and 13 concern the extent in April and MB¥. April extent is 

apparently not correlated with length of ice period at all, while May may show 

some correlation with the psriod 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 season? No significant. MB¥ diagram seem to show some correlation (c.c. 0.32), 

but this may have arizen by chancej diagrams of all other months ahow 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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18 t.hero any correlation between the dat" of polar ice passing Kap Farvel, i.c. 

dat.o of initiation of the ice season and the extent of icc in that season? No. 

This_'llccln", that nothing can be predicted from the initiation date about the se­

verily of the season with respect to the (twodimcnsional) extent of the ice. 

Correlatlon with air temperatures: 

-

For the sake or 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 

homogonised records through the whole period 1900-1971. The 4 stations Pt. Barrow, 

Jan Nay"m, Godth!ib and Upernavik fulfil the requirements and were chosen and their 

data correlated with length of ice period (PL) and ice extent orf the Greenland 

west coast (i.e. the northernmost ice edge (NU)) 0, I, 2 and 3 year later. No cor­

relation at all "as round between air temperatures at resp. Pt. Barrow, Godth!ib, 

Uporna.vU, and the ice data. 

" 
Jan Flayen air temperatures (JT) seem to be correlated with the ice conditions to 

somo 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.)): 

JT'--?NU: JT Nov. ( N)c.---:>NU January( N 2); year year + c. c. : -0·55 

JT Jan.N<---->NU Jan, (N+l); c.o.: -0.53 
J[ 

<---:>NU Febr(N+I); c.c.: -0·43 

JT MaYN ~-,NU Jan. (N+l); 
J[ 

c. c.: -0.6c 

JT JulyN<-->NU Febr(N+l); c. c. : -0·41 

~NU Febl'.(N+2); c. c. : -0·49 

J[ 
The frequency distribution of NU Jan. is very skew whenoe the relatively heigh 

c.c. may be meaningless. 
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JT Sept.N~NU May (N+l) ; c. c.: -0.29 

....-"NU May (N+2) ; c. c. : -0.33 

<-----oNU June (N+l) ; c. c. : -0.29 

<----, NU June (N+2); c. c.: -0·34 

~NU Jun"(N+3); c.o. : -0·44 

JT Oct. N----- NU Apri~ .. c.c.: +0·3 • 
---. NU April(N+3); c.e. : -0.38 

----. NU May N c. c.: +0.19 

-----. NU May (N+3); c. c. : -0·43 

JT~PL: JT Sept·N~ PL (N+l) c. c. : -0·39 

JT Nov. rPL(N+l) c.o. : -0.60 

J~ ~,ept'NPL(N+2) c.o. : -0·35 

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

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

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 abo 6 months from Jan Mayen latitude 

to Kap Farvel. 

On the other hand fig. 15 seem to show Borne, apparently weaker correlation be­

tween JT May and ice extend 8 month later. Finally, fig. 16 may show Bome, how­

ever extremely faint co=elation between JT Sept. and the length of following 

ice seaoon in Bouthern Westgreenland. 
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Condudingly may be said, that the temperature data do not seem to be of much 

help .. in predicting the severity of t:"e ice seasons (as severity is defined in 

the present paper). 

This rather discouraging conclusion corresponds ~Iell with the observed fact 

that the presence of atmospheric lows in Davis Strait frequently accelerates 

th" penetration of the pack ice to the north, whence shortlasting "out breaks" 

of the ice are frequent. 

'. 
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Data for slorlsens passage af Kap Farvel 

FIG.1 DATE OF POLAR ICE P~3SAGE OF KAP FARVEL, l~OO - 1972. 

Top of white section of columns indicate date of first reported "forerunners" t 

while top of black section indicate date of arrival of polar ice of more than 

2 weeks duration. 
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FIG.2 
LENGTH OF ICE PERIOD, 1900 - 1971. 

Whi te section of columns indicate sporad.ic occurrences before and after 

the season. 
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The histogram indicatE: the no('thernmost position year by year of the 
polar ice ecig'e off tht:.:! Greenl.ll1d w8stcoast. 

-

A 14 



- 14 -

FREQUENCY FOR NORTHERNMOST YEARLY LIMIT OF POLAR ICE 
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rOMP Ie}:, CHI<.:l;;lUJ.;m ~:E~'.rCOAs'r, 1I0H'1'HEim ],HlIT '( 
ref.: 1'able II) 
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6 

2 

o 

D 
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J F M A M J J A S 

2 25 41 36 43 41 ?2 20 

34 34 34 30 13 34 )0 

17 11 25 43 57 57 68 30 

2 34 20 (30) 50 52 34 36 20 

11 20 11 25 41 41 20 

13 13 30 25 43 50 50 52 20 13 

13 

11 

2 

1~ 35 50 43. 41 20 

25 13 30 43 52 59 43 54 

13 25· 43 43 41 50 34 

25 25 41 52 43 20 

o 

2 13 25 54 43 43 34 34 25 

2 13 43 43 50 ~o 43 13 

17 17 43 43 43 43 43 43 20 

13 25 25 20 25 43 41 30 20 

25 25 17 34 25 41 43 34 o 

11 11 13 13 17 20· 29 25 25 20 25 

11 2 34 34 43 20 17 2 

11 11 11 20 25 17 25 

2 25 34' 34 34 36 52 52 34 43 

30 2 13 2 25 34 50 43 20 11 2 

11 13 o 25 41 43 52 50 34 

11 11 13 13 25 50 43 43 25 

25 25 11 11 13 50 50 36 17 36 11 

1923 25 34 6 2).7 20 43 43 13 
t· 

1924 £) 25 30 34 43 34 63 59 50 20 
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1924/l9~5 11 8 17 25 41 34 25 17 

1926 B a 25 43 41 8 11 

1927 a 11 20 ;;4 41 36 

1928 25 34 43 50 11 11 

1929 8 13 20 43 34 20 
19;'0 a 8 ' 25 41 25 20 1'1 17 

19.31 13 17 8 8 34 43 34 
1932 36 36 36 17 a 34 
19;'3 8 20 34 36 )0 8 

193-1 11 a· 34 17 11 

193~ 2 8 25 25 20 20 13 

1936 17 11 11 34 25 25 

]·9;''/ ' " 25 36 36 17 25 17 • 

1930 2 8 13 25 20 43 43 43 20 17 

1939 11 25 11 17 1'{ 52 36 34 17 
1940 17 1"{ 36 36 36 36 52 5~ 

194.1 8 20 17 41 34 17 17 

1942 17 41 ).3 13 17 
'19t,3 8 8 17 43 30 25 17 , 8 

19'14 20 8 36 36 52 36 43 
1945 17 17 17 17 17 20 20 

~946 2 17 25 25 25 43 34 
1947 8 8 8 

191\8 2 2 17 13 20 2 

1949 8 17 25 34 36 41 30 36 

• 1950 (2) .. 2 a 20 20 25 25 30 8 34 
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19';0/J9;1 2 13 1) 2" -:J )4 41 17 11 

]9;2 8 20 41 ,4 43 43 17 13 

19)3 2 13 20 36 20 0 2 

19:'4 20 22 20 2~ 43 41 20 43 

}9~i) 8 41 36 34 25 52 52 25 

19 :;,6 11 13 8 50. ;;G 25 34 5 

19)7 11 2 11 11 34 25 25 34 17 

).9 ~:ll 8 20 34 43 43 34 25 

1959 5 13 2 52 52 34 34 2 2 

1960 25 20 20 50 25 20 25 13 25 25 

1961 17 17 25 20 1'{ 

1962 8 8 8 17 13 25 34 
" 

1963 2 20 38 25 25 34 20 25 13 

1964 17 13 8 25 20 25 34 20 

1965 8 0 8 25 50 38 30 30 34 34 

1966 2 50 20 25 43 25 34 25 34 34 43 

19(.7 20 20 13 25 25 50 25 20 

19GO '2 13 17 20 34 20 43 43 52 47 

1969 13' 43 43 43 43 52 63 60 34 43 

1970 8 13 25 50 52 58 30 50 52 52 

1970/ 19'(1 13 20 20 38 38 50 52 52 3tf 

19'0/1 'J7 2 20 13 17 25 43 41 34 34 22 34 
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