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1. Introduction.
umerous records of the surface temperature in Icelandic waters have
blished by the Danish Meteorological Institute since 1875. The bulk
aterial has been collected by commercial vessels visiting Iceland or
waters, In the area north of Iceland (the Iceland Sea) the collection
ial has mostly been limited to the summer season. During the other
f the year, particularly from November to March, restricted naviga-
reduced the number of observations to only very few. Even during
er months there are large tracts of the Iceland Sea where observa-
8 are very infrequent. ‘

fhe Nautical Meteorological Annual of the Danish Meteorological In-
‘the year 1892 charts were published showing the mean sea surface
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temperature, for the months April—September during the period 1876—1890, -
Since 1895 the observations have been published annually in the Annual";
except during the war years 1940—1944. E:

Chart giving the mean monthly isotherms of the Atlantic Ocean north
of 50° N.Lat. based upon observations during the years 1876—1915, were Il
prepared by C.Ryder (1917). In drawing up these monthly charts Ryder
used squares of one degree. First the mean temperature was computed for
each year, and then monthly means were tabulated for each of the four de-
cades 1876—1885, 1886—1895, 1896—1905 and 1906—1915, and finally
from the mean figures of these, monthly mean values were computed for =
the entire period.

The anomalies of the surface temperature in the sea around Iceland
during the years 1876—1939 and 1945—1947 have been worked out by Smed
(1947 ). He divided the sea around Iceland in two areas, G: 63°—67° N.,3
20°—_30° W. and I: 63°—67° N., 10°~-20° W. The temperature means for i
each month and each 1° square were compared with the grand monthly =
means of Ryder, and the anomalies computed in this way were then averaged
over the entire area in question. In addition the corresponding anomalies
were computed for the permanent meteorological stations situated at Vest-
mannaeyjar, Stykkishélmur, Grimsey and Papey. The temperature variations
may be great in the above mentioned areas and governed by different factors, 1
as within each of them we find water masses with entirely different charac-
ters. Thus in area G relatively warm Atlantic water will at all times be
found in the southern part of the area, whereas in the northern part ice cold
polar water will most often be met with. Besides, in this area most of the
material has been collected from the southern part but very little from the
north-western part. It is therefore somewhat doubtful whether the values
of the computed anomalies, perhaps based upon relatively few observations, .
will truly represent the actual temperature fluctuations for such hetero-
geneous areas. It would seem more logical that division into areas for stu-
dies of temperature variations be made hydrographically rather than merely
geographically to avoid having to deal with areas containing entirely diffe- =
rent water masses. 3

2. Normals.

For evaluating the changes in the sea surface temperature of the North
Icelandic coastal area from one year to another, both in connection with the
biological investigations and for studying temperature variations within the
latest decades, it was considered most natural to use as normals the tempera-
ture means for the period 1901—1930, in accordance with the resolution of *
the Conference of Meteorological Directors in 1935.
The normals used here are based entirely upon Danish material pub-
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hed in the Nautical Meteorological Annuals, as material from other sources
| _k not been available to the author. These other sources include the material
) llected by other than Danish and Icelandic ships, the material collected
the American and British Navy during the war and the temperature
s'}'iremeﬂts made from Icelandic trawlers within recent years. It is to be
~od that all these data can be made available for study in near future.

n examining the Danish Nautical Meteorological Annuals, it soon be-
apparent that only from the Icelandic coastal area was the material
e enough for computing reliable mean values. Furthermore, the nor-

ave been worked out for the summer season only, as the collection
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The temperature recorded in the the Annuals were averaged for each 1°

re in the coastal area extending from 66° to 67° N. and 14° to 24° W.
a’?é ten areas are designated by A,B,C,etc. (Fig.1). In the instances where
srvations were lacking calculated values were used. These were deter-
| by comparison with the values of adjacent areas, or where these were

coastal area (A—C), calculated values from Sudureyri on the northwest
. (where observations were begun in 1921) were also used. It was felt
ore reliable results would be obtained by inserting these calculated
where observations were missing rather than averaging the available
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the sea surface temperature for the period 1901—1930.
@ normals for June, b July and ¢ August.
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TABLE I '

The Number of Years with Observations During 1901—1930.
A B C D E F G H I I

June 95 22 17 20 13 20 18 16 16 18
96 23 23 25 23 26 21 15 18 20
August 28 25 23 26 26 26 20 19 16 20

Fig. 2a-c are inserted the normals for the sea surface temperature
> period 1901—1930. Differences between the squares are rather small
‘be seen from the figures, with the exception of square A which shows
‘values, no doubt on account of more pronounced Atlantic influence
aa west of Horn. Otherwise the values lie between 4.7° and 5.6° C.
6.8° and 7.7° in July and 7.3° and 8.2° C. in August. The range

¢. These follow in the main a very similar course during the three
'nvestigated. The most characteristic features are a southward bend
C and D and an upward sweep in areas F, G and H. This course of
therms is most likely caused by two factors: (1) a more pronounced
ce of the drift ice in the area north of Himafléi and (2) loss of heat

5 3. The Surface Temperature at Grimsey. _
_l‘ﬁnsey, 66° 32’ N., 18° 00’ W., is a small island on the arctic circle, about
cal miles off the north coast. Measurements of the sea surface tem-
ire have been carried out from this station since 1874. As a rule the sea
gx_'ature has been measured daily, so that on the whole the material is
- extensive. The water is fairly deep close to land where the tempera-
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! after 1940 are less reliable than those of previous years. When the observa- idal currents 1
tions were missing, calculated values were used. These were found by coms fac: :
parison with the observations in Papey on the east coast.
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Fig. 3. i
The mean annual sea and air temperature at Grimsey and mean sea surface temperature
in area F and G for the summer season. i

‘ The mean annual temperatuie variation of the surface water at Grimsey
] for the period 1901—1930 is shown on Fig. 3. For comparison the mean sea
i temperature for June, July and August in areas F and G and the meal
air temperature for Grimsey are also given. The winter sea tempera ]
at Grimsey lies between 1.5° C. and 2.0° C. but rises from the last
part of March until a maximum of 7—8°C. is reached in August. From
‘ then on a slow decline towards the winter temperature is experienced. e
‘ air temperature follows a similar course, but as seen from the diagram, the
sea temperature is somewhat higher than the air temperature, especially

during the winter months. The annual amplitude in the air temperature . 8

about 3.5° C. in excess of that for the sea temperature. It is also of interest

to note that the temperature maximum of the air temperature occurs in July

but that of the sea temperature in August. Only in June and July does U

air temperature exceed the sea temperalure. '

As will be noticed from Fig. 3 the temperature values for the areas

and G during the summer are somewhat higher than the correspondl ing

values in Grimsey. A possible explanation might perhaps be found in !‘

position of the station. Grimsey is situated over 20 miles offshore, but e

majority of the temperature measurements in areas I and G have probably

been in that part of the areas which is closest to land. At Grimsey stro¥e
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When the obserya.
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water, whereby its gets mixed with deeper water. In this case the sur-
’-ex:nperature will be lowered in summer and raised in winter. This possi-
¢ could be tested by simultaneous observations in Grimsey and a few
s off the island.

‘the whole we can conclude that the surface temperature at Grims-
roughly represent the true temperature conditions in the middle
the coastal area. Of more importance, however, is the fact (see p. 14)
temperature fluctuations at Grimsey correspond very closely to those

, 4, Variations in the Sea Surface Temperature.
ecent investigations on meteorological conditions in the northern hemi-

ﬁ —— i " The increase in temperature was particularily rapid after 1920 as shown
: lous investigators (Scherhag 1937, Jensen 1939, Hesselberg and Birke-
943, Lysgaard 1948, Smed 1948 ), and it seems to have culminated in

:a surface temperahire.

s water at Grimsey
sison the mean sea
G and the mean
r sea temperature
ies from the last
in August. From
i experienced. The
1 the diagram, the
erature, especially
alr temperature is
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and July does the

celand and Icelandic waters similar changes have occurred. In his
n “Probable Influence of Changes in Temperature on the Marine
~of Iceland” (7932) Dr. Bjarni Semundsson cites several examples
increase in sea temperature since 1920 and the simultaneous changes
animal life in the waters surrounding Iceland.

msen (1937) has studied the variations in the surface temperature
elvogsbanki, Iceland, during the years 1895—1936. His results show that
od 1895—1912 contains only three abnormal years, while otherwise
nd warm years alternate, The period 1913—1925 seems cold, with 6
ears definitely cold, while the period 1926—1936 was warmer, with
) of the years definitely warm.

- his studies of the monthly anomalies of the surface temperature
nd Iceland Smed (1947) finds a definite predominance of positive ano-
irom about the middle twenties off the east and the southeast coast
nd. Off the west and southwest coast, however, the rise in tempera-
eared to be only small.
air temperature variations at 10 meteorological stations in Iceland
studied by Eypérsson (1949 ). His results show that annual mean

s for the areas F
the corresponding
~ be found in the
offshore, but the
G have probably
«t Grimsey strong
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temperatures smoothed by 30-year running means were below the normals in
every thirty-year period before 1900, but from 1901/30 ‘they were above
normal. On the other hand, his 10-years running means,. show a steady rise
of the annual temperature at all stations from about 1916—1925 continuing
until 1926—1935 when it becomes almost steady. Eyporsson also studied
the sea temperature at one station, viz. Papey off the southeast coast. The
variations in the sea temperature at this station were seen to follow the cor-
responding air temperature variations very closely.

For studying the variations in the surface temperature in the North.
Icelandic coastal area the material used in the present account consists of
temperature measurements for each 1° square between 66° to 67° N. and
14° to 24° W. collected and published by the Danish Meteorological Insti-
tute (cf. p.3) and the observation material from Grimsey. ‘

Keeping in mind the importance of using similar methods for compara-

1871 188t 1891 190! 1911 19
- 1900 -I1910 —-1920 -—1930 -1940 -19
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Fig. 4. .
Variations of the annual mean sea surface temperatures at Grimsey,
in consecutive 30 year periods.
1871 1881 1891 1901 1911 1921 1931 1941
- 1880 -1890 -1900 -1910 —-1920 -1930 —1940 —-1950

T\~

+1.0

Fig. 5.
Variations of the annual mean sea surface temperatures at Grimsey,
in consecutive 10 year periods.
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ive studies of climatic variations, the method used here is that adopted by
Iu{‘;iselberg and -Birkeland (1940) and later used by Eyporsson (1949).
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a, Variations at Grimsey.
Fig. 4—5 shows the departures from normal of the annual surface
temperature at Grimsey in consecutive thirty year periods and in consecu-
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rimsey, Variations of the monthly mean sea surface temperatures at Grimsey,

January to June,
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Fig.7.
Variations of the monthly mean sea surface temperatures at Grimsey,
July to December.

tive ten year periods. As seen from Fig. 4 the annual mean decreased

from the period 1876/05 to 1881/10 when the lowest value of 0.48° C.
below normal is reached. From then on it rises steadily to 1919/48 when
a value of 0.98° C. above normal is reached. Fig. 5 -shows that the tempera-

ture decreased until 1881/90, a temperature maximum is indicated around

1891/00, a temperature minimum around 1902/11, but from then on the

temperature has increased, and it has risen particularly rapidly after 1911/20.
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A maximum in the 10 year annual mean is attained around 1932/41 Whe?n
"'t has a value of 1.4° above normal. Then the annual mean decreases again
"and in the period 1941/50 it is only 0.7° above normal.

J Fig. 6—7 gives the temperature variations for each month. smoothed
by 10 year means. In the main they resemble the annual variations. Thus
_ the temperature decreased from 1875/86 to 1881/90 and after 1920 the
témperature increased in all months. In the months February to September

1881 1891 19 941
‘825 -1890 -1900 -19 950
1.0
e [
. ' of WINTER
: \—\‘ 4 "\_ ”\ ,,\ 1
I £\ ﬂ--—(/"
T 1
= I
| +10F jhl
1] 1
] L_,‘
\ SPRING
(i 4 o’ f"
i/
n “’
- "I\ ,-’I :
\ VA SUMMER
& \/\T .
\
\\
S\ 5 o AUTUMN
- \_%‘l:’_\

Fig. 8.
Variations of the seasonal mean temperatures at Grimsey.
Solid line sea surface temperature, broken line air temperature.

a temperature maximum is indicated around 1891/00. In the remaining
| four months no such maximum is seen. This maximum is particularly con-
1 spicuous in July and August, where the mean was about 0.5° above normal.

In April another distinct maximum appears a few years after the period

1901/10. Tn the twenties all the months show a marked increase in tem-

perature culminating in the period 1931/40 or a few years later. From
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the period 1911/20 to the period 1931/40 the temperature gain for the various
months was- as follows:

January .... 0.95 By cucoa s . 243
February ... 1.36 August ..... 1.95
March ..... 1.30 September .. 1.31
April e van 1.69 October .... 0.87
May x5 5 s 2.43 November .. 0.89
June ....... 2.87 . December .. 1.13

From an inspection of the curves and the figures above, it is apparent
that the temperature rise has been greatest in May, June and July, about
2.5° above normal, but least in’ October—January or less than 1.0° C.

Fig. 8 shows the scasonal temperature fluctuations, smoothed by ten

year consecutive means. The division of the year into seasons was made

here in the usual way, viz. winter from December to February, spring from
March to May, summer from June to August and autumn from September
to November. For comparison the corresponding curves for the air tempera-
ture are also shown. These were kindly placed at the author’s disposal by
M. Eypdrsson. It will be noted as regards the sea temperature that winter
and autumn' show similar features as do spring and summer. In the main
the temperature variations of the air follow those of the sea rather closely,
especially in spring and summer. In winter they differ somewhat, this being
the season when the value for the difference sea minus air temperature is
greatest. It will further be noted that whereas the sea temperature shows
a distinct fall after about 1931/40, the air temperature shows only a slight
tendency to decrease. Lastly we see that the rise in air temperature at Grims-
ey is greatest in spring and least in winter.

b. Variations in the Coastal Area.

The temperature variations during the period 1896u1939 in areas A—J
(Fig. 1) were studied in the same manner, i.e. by forming consecutive
10-year. means. The fluctuations were averaged for areas A—C (western
area), D—G (middle area) and H—J (eastern area). The results for the
three summer months, June, July and August are shown in Fig. 9 a—c.

In June the sea surface temperature fluctuated in a similar manner in
the middle and the eastern area, viz., irregularly until about 1911/20, then
it increased rapidly and in 1930/39 it was 1.5° above normal in-the middle
area and 2.0° above normal in the eastern area. In tlie western area the
fluctuations were somewhat different. There the temperature increased from
1895/04 until 1904/13 by about 0.7° C., falling again abruptly to 1. 2° below
normal in 1915/24. Then it rose 1ap1d1y and reached 1.0° .above normal
around 1925 /34, -
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surface temperature variations in western (A-C), nud (D-G) and eastern (H-J) area,

; ; @ in June, b in July, and ¢ in August,

. '

In Tuly the temperature fluctuations of the nnddle and the eastern area
mbled more those of the western area. This time the temperature mini-
ghortly after 1911/20 also appeared in the middle and the eastern area,

ﬂgt as distinctly as in the western area.

August the temperature minimum of the western area (around
5/24) was much less conspicuous than in the other two months and
1e middle area it was only slightly indicated. In this month the varia-
‘s'm the eastern area differed considerably from those of the other two
In all the areas the temperature rise was least towards the end of the
er, particularly in the western area the temperature rise beginning in
entles was only very slight. ‘
For the period 1876—1895 the temperature values for these areas have
_égl_l_ published for individual years, but Ryder (1917) gives the means
the decades 1876—1885 and 1886—1895. These values appear surprising-
gh for the western part of the area considering the severe ice condi-
urmg the last decades of the 19th century. However, on account of
of the original data, a further discussion on this matter will here be

ﬁ%
Flg 10 the fluctuations in sea surface temperature in area F and G
e summer season are compared to those at Grimsey. It appears that
e three curves show a close correlation as was to be expected. It should
oted however, that the temperature increase is distinctly greatest at
,ﬂ}' This is probably caused by the fact that the majority of the mea-
pnts from areas F and G have been made close to land. At Grimsey
2Ct of the ice on the surface temperature has been greater, and-as

dlscussed later, the decreasing extension of drift ice during recent
3 <
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decades is most likely one of the main reasons for the marked tempelature
increase at Grimsey during the summer months. '

I AAL /] /\/\

Fig. 10.
Sea temperature variations for the summer season in area F, G and at Grimsey,

5. Possible Causes of the Observed Temperature Fluctuations.

. In attempting to explain the observed variations in the surface tem-
perature a number of possibilities will have to be examined. As regards Ice- |
landic waters with their changeable hydrographical and meteorological condi-
tions, this problem will be a very complex one. In this case, therefore, we
can not expect to find a straight-forward correlation between the fluctuations
and say one single meteorological phenomenon. More likely we will have to 1
consider the interplay of many factors, most of which may again be go-
verned by some general cause. Some of these factors will now be discussed.

a. Changes in the Atmospheric Circulation.

Extensive literature on changes in the meteorological condition has been
published by Helland-Hansen and Nansen (1916), Defant (1924), Wagner
(1929), Hesselberg and Birkeland (1940—43), Rubinstein (1946 ) and others,
the main conclusions being that the principal reason for climatic changes
in the arctic regions is the change in the atmospheric circulation. Also, accord-
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'11' ;'iksson (1943) the low pressure area in the north Atlar}tic .which
920 moved abnormally far northward_s has changed the direction ?f
“L;;pheric pressure gradient so as to increase ‘the flow of warm air
Arctic. “This increased flow of heat,”f Eriksson states, “has produced
intai strong positive anomaly of temperature.”
f;?:::ﬁ;e: of airg pliessure in the North Atlanti(':, includjn'g Icela?ld,
tudied by Hesselberg and Birkeland (1943). Their charts ﬂlustrau'ng
";ges in air pressure at sea level for the various seasons from the period
/91 to the period 1926/35 make use of the records from two meteoro-

‘stations in Iceland, viz. Stykkisholmur and Vestmannaeyjar.

3 a - b

e | 2F

b o

Fig. 11.
ence in the seasonal air pressure between the period 1926/35 and the period 1912/21,
TomRe” @ winter, b spring, ¢ summer, d autumn,

<3
b
34

eu

, rder to make these charts more detailed as regards the area around
Aﬂfhe values for the stations Grimsey and Berufjordur have been cal-
°d and are here (Fig. 77 a—c) inserted on the charts. Besides, slightly
it values for Stykkisholmur are also used to correct for height of
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the station since found to be somewhat different according to Mr. Hlynur
Sigtryggsson-of the Icelandic Meteorological Office.!)

These ‘modified charts of the pressure difference between the periods |
1912—1921 and 1926—35 show, however, no appreciable difference from
those of Hesselberg and Birkeland. In looking at the charts it becomes at
once apparent that in winter there has been a great increase in SW-winds :
in Iceland, especially in the southern and the eastern part of the country. 3
In spring there is an increase in westerly winds in the southern and western :
part of the country and southwest winds off the north coast. In summer
there is an increase in south winds in most part of the country, except in
the northwest part and off the northwest coast where the increase is from 3
northeast. In autumn there is a slight increase in north winds off the north
coast and in west or northwest winds in the southern part of Iceland. For
the year as a whole (Fig. 12) there has been an increase in southwest winds
in Iceland and over Icelandic waters during this period, except in the north- -
west part of the country and off the northwest coast, where the extra wind
component has been from the north or northeast. '

N

way, RISt Sl i A

1 e

==t

40°

is

AN

30 25

Fig. 12.
Difference in the annual air pressure between the period 1926/35 and 1912/21.

Deviations in the frequency of SW-winds at Grimsey expressed' by
10-year moving summations for the various seasons are shown in Fig. 1338
The fluctuations observed are seen to fall in line with the changes in pres-

1) The true heights were: -
. ) 1907—1919 H=178m
1920 H=162—
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s to Mr. Hlynur sure distribution as shown on Fig. 77-712. Especially noticeable is the great
. : increase in SW-winds in winter beginning around 1920. However, in sum-
veen the periods 3§ " mer and fall there has not been an increase in SW-winds around 1920, but

difference from
ts it becomes at
ase in SW-winds 1 _ I8
of the country. i
tern and western

sast. In summer ' : ol
untry, except in
increase is from

«ds off the north k| :
of Iceland. For § /\ : WINTER

southwest winds ‘ % ©
pt in the north- , _— V\ : \/\
: the extra wind . \/ 5 ;

for the year as a whole they have increased to a small extent.

1881 1891 1901 1911
EIO -1890 -1%900 ~-1910 -1920 -

.
3

SPRING

I‘\/\ SUMMER

i A ~\ /\/\ Al autumn
/\/ WSV VAR \/\/JV\/
‘ //««v\ff"” o
and 1912/21, : o |
: 1 Fig. 13. ; :
© expressed by h! Deviations ‘from mean in the frequency of south-west winds expressed as the difference -
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As previously mentioned the main conclusions of Eypdrsson’s investi-
gations of the air temperature variations were, first that the temperature
increased rapidly after 1920 and secondly that the increase in air tempera-
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ture has been greatest in winter, and least in summer and fall. His results
are therefore in good agreement with the changes in air circulation thus
illustrating clearly the causal connection between the variations in air circu-
lation and air temperature. :

Also the variations in the sea surface temperature of the North Icelan-
dic coastal area are seen to correlate to some extent with the corresponding
variations in wind frequency. Thus the increase in sea temperature after
1920 coincides with the maximal increase in SW-winds. However, the records
from Grimsey show some discrepancies in this respect. To begin with the
increase in sea temperature at this place has been greatest in summer, and
smallest in autumn and winter while the air temperature has shown the
greatest increase in winter and the smallest in summer and fall. Further-
more, the correlation between the variations in air and sea temperature is
less at Grimsey than at Papey on the southeast coast. Farther west in the
area the correlation between air and sea temperature is still less as would
be apparent, if we compared the variations in sea temperature in the west-
ern area with the corresponding variations in air temperature at Bolungavik
on the northwest coast (see Eypdrsson 1949, p.52). This indicates that other
factors besides changes in the wind frequency alone are responsible for at
least some af the fluctuations in sea temperature in the North Icelandic
coastal area, especially as regards the western part of the area.

b.

In any detailed. study of meteorological conditions, changes in the wind
strength as well as the direction of the winds will have to be taken into
account. Thus increased SW-winds during winter will be more effective in
bringing warm air to the area than in summer, when the mean wind force
is less,

In this paper we will only consider the mean wind force. Such a mean
may of course sometimes be misleading, but as a rule it should together with
the deviations in wind frequency, give a rough idea of changes in air tran-
sport. Furthermore, we must keep in mind that the estimations of wind force
at a place like Grimsey where an anemometer has never been available,
may not be too dependable and are apt to be somewhat subjective. The possi-

Changes in Wind Force.

bility was considered that the observed variations in wind force might to

some extent be due to change of observers at this station. But it so happens
that from 18951936 the meteorological observations were carried out by
the same person (Matthias Eggertsson) and within this period the greatest
variations occurred.

The fluctuations in wind force by means of 10-year moving averages
for the different seasons are shown in Fig. 74. All the curves show a distinct
decrease in the mean wind force, beginning around the middle of the twen-
ties, i. e. roughly at the time when the temperature curves began to rise.
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to be a negative correlation between the wind force and the sea temperature.
As regards the individial seasons, however, the agreement does not seem
to be too good. )

It would seem logical that the sea surface temperature off the north
coast is increased by diminishing wind force during the summer season,
as a sharper thermocline will be formed if the weather stays calm and thus
less heat will be lost from the surface layer in mixing with the underlying
water. In winter, however, the diminishing wind velocity would ‘be expected
to have the opposite effect. This influence of the wind velocity on the sur-
face temperature will not as a rule be as apparent off the south and west
coasts where the water column is more homogeneous.

On the whole we can thus state that the decrease in the mean wind
velocity which took place about the middle of the twenties, may have contri-
buted somewhat to the great increase in the sea surface temperature of the
North Icelandic coastal area in summer.

c. Variation in the Ocean Currents.

The sea surface temperature will naturally be much dependent on chan-
ges in the currents conveying warm or cold water masses to the observed
field. Such changes will have a stronger influence on the sea than the air
temperature.

In the North Icelandic coastal area variations in the influx of Atlantic
water will greatly effect the surface temperature provided the temperature
of this water mass be higher than that of the water already present in the
area it invades. The heating effect will thus be greater, if the influx takes
place in the early spring before the summer warming has started. In the
winter season, when Atlantic water is present in the westernmost part of
the area, at least occasionally, the surface temperature will increase rapidly
offshore, as was the case in February 1948. In the summer season, however,
when the heating of the sun has already warmed up the top layer and
complete stratification has been attained, continued influx of Atlantic water
with similar temperature will not be of any appreciable effect on the sur-
face temperature in this area. Thus in early July 1948, late July 1949, August
the same year and in the beginning of August 1950 only small variations

were found in the coastal area south of 67° N. In other cases, such as in August

1948, the surface temperature, showing little gradient from west to east, has
been found to decrease much more rapidly away from the coast. The fall in
temperature from near the coast to 67° N. may be up to 2 to 3° C. But this
has no relation to the Atlantic influx.

Changes in the extension of the East Greenland Polar Current and the
East Icelandic Current will have great influence on the temperature condi-
tions in the Icelandic coastal area. But we know very little about year to
year fluctuations in these currents because of insufficient data. It should be
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kept in mind, however, that probably no independent effect on climate can
be ascribed to changes in the currents since they are governed by changes
in the atmospheric circulation. Tt would therefore be expected that coincident
with the increased SW-winds in the twenties, due to the changes in the
Jow pressure area of the North Atlantic there was an increase in the At-
lantic current which again would strengthen the influx of this water to the
North Icelandic coastal area. But we can not prove this on account of the
scarcity of hydrographical observations. However, as will be discussed in a
Jater paper, investigations of the sections off Melrakkasletta and between
Langanes and Jan Mayen seem to indicate increasing amounts of cold arc-
tic water in the area off northeast Iceland in the most recent years.

d. Variations in the Extension of the Drift Ice.

The occurrence of polar ice at the coasts of Iceland has for centuries
been one of the most serious concerns of the people living in the country,
particularly on the north and northwest coasts. In heavy ice years all navi-
gation along the north coast is hampered and farming may suffer greatly.
The possibilities for civilized life in Iceland are therefore highly dependent
upon nature. The influence exercised by the drift ice on the climate in Ice-
land is tremendous. In heavy ice years the climate actually changes from
temperate to arctic. In exceptional ice years also the temperature at the
east or even south east coast of Iceland is lowered. In ordinary years, how-
ever, the influence of drift ice is most apparent off the northwest coast and
then usually in the spring and the early summer.

As appears from the numerous papers on drift ice published within the
Jast 10—20 years, the ice conditions in mnorthern waters have greatly im-
proved as the result of the increased flow of heat to the Arctic. Since the
beginning of the century, ice conditions at Iceland have been improving.
This is clearly seen from the graphical representation of the occurrence of
ice recorded in a paper by .Thorarinsson (1941 ). During the last decades
drift ice has only very rarely been observed near the coasts of Iceland.

In Fig. 16-17 the seasonal and annual variations in the frequency of
drift ice are expressed by 10-year moving summations. The graphs are in-
verted with frequencies higher than normal shown below the line and vice
versa. The calculated values are based upon Thoroddsen’s ice chart ( T hor-
‘oddsen, 1917) for the period prior to 1916, and after that time on ice re-
ports published in the Danish Meteorological Annual and Vebdrdtian. As
seen on the figures the mean values of the frequency of ice for the period
19011930 are as follows: winter 6 days, spring 14 days, summer 7 days,
and the entire year 27 days. Spring is thus by far the heaviest ice season.
In autumn ice occurs only very rarely at the coasts of Iceland. All the
curves indicate an improvement in ice conditions after 1881790, In winter
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ice conditions have been gradually improving and since 1920 ice has occurred
only rarely during the winter months. In spring there was a distinct im-
provement in ice conditions from the nineties to about 1921/30. In summer
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Fig. 16.

Annual variations in the frequency of drift ice expressed by 10 year moving averages.

the inverse ice curve rises sharply from 1882/91 to 1889/98. Then follows
a period of about 15 years with practically no ice. Next comes a period with
heavier ice years, Finally the curve rises again shortly after the period 1911
/20, and for the last 20 years ice has only very seldom been observed dur-
ing the summer months.

The curves shown on Fig. 76—17 must be taken with some reservations.
They are primarily indicative of ice at the northwest coast where it is most
often first observed and occurs more frequently than farther east. Further-
more, only the number of days with ice has been taken into consideration,
The curves give no information regarding how much of the shore was in
contact with the ice. Therefore, the values for the heavy ice years tend to
be uninformative as to the quantity of ice present along the coast (cf. Koch,
1945, p.236—238). Also drift ice may often extend into the coastal area
without being observed from land. Lastly, ice reports from Iceland may not
be too dependable, especially in the past, when the ice observing stations
were fewer than they are now, so that scattered ice floes are undoubtedly
more likely to be reported now than they were in the past. The great change
in the extension of ice in the area north of Iceland and between Iceland
and Greenland after 1920 will therefore appear more distintly if we exa-
mine the actual ice maps. '

At the bottom of Fig. 77 (the dotted curve) comparison is made of the
variation in the ice frequency and the temperature in the western area
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In spite of the fact that the extension of ice must primarily be consi-
 dered the effect rather than the cause of the climatic change, one must keep
~mind that the drift ice may exert great local influence by cooling limited
reas. It would therefore be expected that at the north and the northwest
t of Iceland such local influence would be greatest. The cooling effect
1ld, however, be much less in winter when the surfae temperature in the
1s already quite low (2—3° G, or less). But in spring or summer when
surface layers have warmed up, this influence may be of great conse-

ence. Besides, the drift ice occurs more frequently in spring and early
[

is made of the mer than in other seasons.

western area
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(1945), show distinctly how the ice conditions at Iceland have greatly im-
proved since 1920, particularly in the middle and the eastern area. But
doesn’t this suggest that the great increase in sea surface temperature at
Grimsey after 1920 during spring and summer is to some extent due to the
decreased extension of drift ice? In the area around Grimsey and farther
east the temperature change is no doubt largely caused by changes in air
circulation, whereas in the western area the drift ice is probably the main
factor. These arguments seem to get their full support from the existing data.

e. Concluding Remarks.

At this point it would seem most desirable if we could arrive at a logical
conclusion as to what we may expect in coming years, whether the sea tem-
peratur in near future will fall or remain unchanged. On the basis of the
material here discussed, we can not do any forecasting, but some data seem
to indicate that we are in for a more severe climate in the coming years. Thus
the curves giving the temperature variations at Grimsey show distinctly that
the sea surface temperature has been decreasing in all months of the year
during the last decade. However, the air temperature has decreased only
slightly during the last 10—15 years. ) -

It appears that the improvement of the ice conditions culminated in the
thirties. Thus 1938 was one of the heavier ice years at East Greenland. At
Iceland greater quantities of drift ice have been observed during the last
decade than during the preseding decade. Jensen and Fristrup (1950) state
that the thickness of the drift ice off the Greenland coast seems to be di-
minishing, indicating that the ice is now moving more rapidly from its place
of formation to the East Greenland pack ice. They feel that in recent years
the greater quantities of drift ice are the result of a more rapid circulation
of the ice, and that great quantities of ice which hitherto lay untouched
are now broken off and carried to the drift ice belt. They believe that this
will cause a more than normal frequency of drift ice for some years. In
a paper by Rasmussen (1950), on the other hand, it is stated that the drift
ice along the coast of Greenland in 1949 was unusually thick and heavy.
This indicated, according to Rasmussen, that it was not only ice frozen in
one winter which had broken up, but that areas which had not been touched
by the summer breakup in 1948 had broken up in 1949. Rasmussen considers
it possible that the increased flow of ice was caused by the Atlantic water
having penetrated unusually far towards north in the Spitsbergen area du-
ring spring and summer,
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8. Variations irf the influx of Atlantic water into the North Icelandic
coastal area will affect the surface temperature, especially if the influx takes
place in the early spring before the summer warming has started.

9. Although the drift ice s not a primary climatic factor, it may have
great local effect in cooling riited areas. This will particularly be true off
the north west coast of Icelar:d. The cooling effect of the ice is greatest in
late spring and early summer. Thus at Grimsey the relatively great rise in
temperature in spring and summer can be attributed to the combined effect
of changes in the atmospheric circulation and the improved ice conditions.
In the western part of the coastal area where the influence of the drift ice
is greatest and the increase in SW-winds least, the extension of drift ice is
the dominating factor. In this area a distinct negative correlation exists
between the surface temperature and the extension of ice.
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