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A. jMTR'CT

The character of the ice off Iceland by decade was-ampared with

the contemporary, preceding, and subsequent temperatures of Iceland,

northern Europe (north of 55°N) and northeastern United States (Now

Haven, Connecticut),

The decades of severe ice were accompanied by below normal and the

decades of light ice, mostly by above normal temperatures, respectively.

The temperature anomay at Stykkisholm end Archangel in the decade

subsequent to a decade of severe ice conditions tends to be negative and

in a decade subsequent to a decade of light ice, positive. Further, the

temperature anomaly is greater at changel but is smaller at Iceland in

the decade subsequent than in the decade contemporary with extreme ico,

It is suggested that the tendency for the temperature anomaly at

Stykkisholm and Archangel to retain it. character in the decade subsequent

to a decade with extreme ice conditions is due to persistence and that

the intensification at Archangel of the effects of severe and light ice,

respectively, off Iceland is due to a diluting of the North Atlantic varm

water headed towards the Barents So&a, etc. by the East Icelandic Polar

Current,

No consistent relation between tho ice and the preceding temperatures

for any of the areas was found,



B. iAREACE

Evidance from auamrous inveetigations in the peat two decades, or

perhaps longer, points decisively to a marked rise In the temprature

over wide areas and to a smaller but no less significant rise in the

temperature of the northern North Atlantic o n. Little, if anythi ,

has been said about the possible cause of this rise and whether the

relatively high temperatures may c wtim and for how long.

Web a fully successful attak on this problem may not be possible

until suh time as we possess me adequate data, we can attempt to

forisAe the broad character of the problem for the North Atlantic and

adjacent regiam, for which a comniable body of data has recently been

published, and to obtain Indicatos of certain trends in the air and

water simulation that could be chocked with more coejrehensive data as

they beoome wailable,

The compartively long-air temperature series from the northern North

Atlantic and "adjacent" areas cannot, it appears, serve effectively as

a basis for measuring the changes in the circulation in that general area.

On the other hand, the character of the ice off Iceland, which has been

reliably observed for a long period and which reflects in some measure

both the changes in the limits of the Arctic ice mass and in the south-

ward transport of polar water, may, in conjunction with the available

temperature series, permit an analysis of a major element in the fluctua-

tions in the circulation of the northern North Atlantic and, according

ill form the subject of the proebnt investigalion.
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C. INTROUJCTION

The marked variations from year to year in the limits of the Arctic

ice mass, which in some years my amount to several hundred thousand square

kilometers, as well as in the southmrd transport of polar waters 1/ are

No data are available for the variations in the southward transport
of polar water, which, according to Zubov's (1945) estimate for the
East Greenland Polar Currents between Spitzbergen and Greenland (at 81N),
amounts to 80,000 km. It may be assumed from the fact that there VMS
little or no ice off Iceland from 1919 to 1940 that the volume of polar
water reaching Iceland during that period was very nuh les than in the
period from 1865 to 1874, when Iceland was almost completely surrounded
by ice for months at a time.

presumably an important factor in the circulation of both the air and

water masses of the North Polar and adjacent regions. The effects of these

variations may be secondary but nevertheless sufficient, especially follow

ing prolonged periods of either severe or light ice and a great or small

influx of polar water, to weaken or intensify existing trends in the

circulation. As a result, warm periods may be relatively cooler than

might be expected were it not for severe ice conditions prevailing or

warmer if little or no ice is at present.

In addition, conditions in the sea change more slowly than in the

air (persistence). These in turn are due to the greater stability in the

movements of large wter masses and the greater heat capacity of water

as compared with the air. The oceans, therefore, may be expected to

affect the air masses above them following prolonged periods of severe

cr light ice conditions. Conversely, it might be possible to extrapolate

weather conditions in an area for a long series of years for which ice

records are available, but for which there are no records of weather

conditions.
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D. FtRLIi, INVWSTIG'.TION

Wiese (1924) Brooks and Quonnoll (1928), Scherhag (1937) and others,

roport a possible intorelation between the ice in the Arctic and certain

features of the weather in that and adjacent areas. For example, they

suggest that when ice and cold trctic mater extend farther south than

normal, the boundary of the polar and warm North itlantic water is likewise

displacod southward. is a result, the North "tlantic storm tracks, which

are closely associated with this boundary, also take a more southerly

course. The precipitation in areas affected by those storms changes as

well. The various stops in the relationships outlined above are not well

defined, partly duo to a lack of data and partly due to the complexity of

the problems involved. However, a correlation between the southerly

limits of ice in the Greenland Sea between April and July and precipitation

over northwestern Europe between October and December is evident on study-

ing records over a period of nearly 60 years (Schell, 1947).

In Joncral, investigations noted above wore based on ice and weather

data beginning in the 1880's or latori with the exception of that of

Meinardus (1906), who used ice observations from Iceland dating from the

early 1800's and on the temperature and precipitation data for Europe

previously published by Bruckner (1890). A long soria' of annual esti-

mates of ice off Iceland recently compiled by Lauge Koch (1945) adds nearly

forty years to the records previously compiled by Moinardus. These to-

gather with the long series of meteorological data now available permits

a reexamination of the possible relationships between the long-period ice

trends off Iceland and the meteorological conditions in that and adjacent

arease

-3



E. =.TIHOS

The present stuc' is limited to an examination of a comparatively

long series of annual temperature observations from Iceland, northern

Europe and the northeastern United States and the ice off Iceland. The

data have boon averaged by decades, because the smoothing of values for

longer time intervals tends to give results showing broad 9orrelations

between air temperatures and ice rather than reflecting the fluctuations

v",ich appear in averaging observations over shorter periods of say a

season, a month, or a week. Obviously, some periods of shorter duration

of severe ice will be combined with some of light ice and, hence, certain

relationships may be obscured. Broad trends, however, may be detected,

Tho pro of anhual mean temperatures rather than temperatures for the

ice season alone may be criticized. Nevertheless there is considerable

Justification for this procedure, when one considers the persistence of

given water conditions for longer periods than indicated by the presence

of ice. Thus, although the ice season off Icoland lasts only for a period

of several months (i.e., from late winter or early spring to late spring

or early summer), the flow of cold polar water which Likemise affects air

temperatures, does not nceussarily commence with the appearance of the ice

or cease with its disappearance. Hence, in the absence of more informa-

tion on the fluctuations in volume of the various water masses, it is

actually impossible to determine the precise effect of the ice conditions

alone.

F. DT

Because significant temperature data (see below) for one of the more

important areas is not available prior to 1831, the present stutr is based

on data accumulated sin~c that time. Thus, data for cloven decades
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(1831-1930) and one incomplete one (1941-48/9) arc coisidorod here.

1. Ica

The oldest record of ',ctic ice is from Iceland. It is generally

agrocd that these observations were carefully made and that they give a

fairly accurate idea of actual ice conditions bccause of its importance

in the lives of the inhabitants of Iceland and southwest Greenland. The

severity of the ice season off Iceland is usually recorded as the number

of days or weeks the icc was observed off the coast and by its relative

abundance. This has boon tabulated, as already mentioned, by Mainardus

(1906) and more recently by Koch (1945) from observations of Thoroddson

(1884) and from records in the "Isforholdono i do lxktiskc Have," published

by the Danish Meteorological Institute. Koch (1945) also included the

extent of the ice surrounding the islande In general, the longer the ice

is observed off Kap Horn on the northwest coast, the heavier it is and

the farther it spreads eastward along the north coast, thence southward

along the east coast and westward along the south coast.

For discussion of the causes of the ice situation off Iceland, the

reader is referred to the literature. It should be noted, however, that

prolonged periods of severe ice conditions off Iceland, such as those

considered here, can, it is believed, occur only when the Arctic ice pack

is well developed and a large quantity of ice is carried via the East

Icelandic Current to the vicinity of Iceland.

The Icelandic ice data presented here (Table I) consists of annual

estimates taken from Koch's graph (1945, Fig. 103). These figures over

a period of years show the number of weeks with ice multiplied by the

number of areas where the ice was observed along the Icelandic shores.

The mean annual values are given for each decade from 1831 in Table II.

, comparison of the latter with those of Ueinardus (1906) up to 1900 are

S5-
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Table II. Estimated Mean Annual Ice Severity Off Iceland
by Decade Shon by the Number of Weeks with Ice
Multiplied by the Number of Areas with Ice Around
Iceland: 1831-1940 (after Lauge Koch, 1945).

Decade Ice Units* ype

1831 - 40 Severe

-50 0.9 Liht

- 60 35.3 Loderate

- 70 5 Severe

- 80 26.5 M-oderate

- 90 69*4 Severe

- 00 30.9 Loderate

1901 - 10 17.1 ,.oderate

- 20 20.7 1:oderate

- 30 1.2

- 40 1.8 Liht

Average 29.1

* See Table I
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-irarkably a-like cxcept for those of the first decade (1831-1840). Accord-

Lg to einardus this period was one of moderate ice, but according to

Koch's analysis of Thoroddsen's data, it was a severe one. The latter, I

believe, is more accurate because he included the extent of the ice sur-

rounding the island. Accordinglyv, in this report, that decade (1831-

1840) is considered to have been one of severe ice.

Fortunately, the series just described contain three decades (1843-

1850, 1921-1930, 1931-1940), which are characterized by little or no ice

and three others (1831-1840, 1861-18(,,, 1881-1890) in which severe ice

conditions (Table II) prevailed. In addition to these there is also a

decade with light ice (1841-1850) following one of severe ice and two

successive decades with light ice conditions (1921-1930, 1931-1940). Thus,

the data afford a wide range of ice conditions for analysis.

2. Temperature

innual temperature records for various localities in the Arctic or

sub-irctic are available as far back as 1846 in Iceland (Stykkisholm), as

1840 in Norway (Vardo) and as 1831 for 'rchangel. Uninterrupted

3/Following the conpletion of this report it was discovered that the
temperature record at ;rghangel actually started in 1814 rather than in
1831, as listed in the Koppen-Geiger Handbuch der Klimatologie (1939).
However, since the ice severity for the decade 1821-1830 was not extreme
and since extreme ice conditions will be mainly dealt with here, the
earlier temperatures have not been incorporated in this report.

temperature series from other stations in northern Europe (north of 55 0N)

go back even further (i.e., StockhoLm, to 1757; Edinburgh, to 1764;

Copenhagen, to 1798; Leningrad, to 1806). In North America, on the other

hand, New Haven, Connecticut (410181N) is the most northern station with

a record extending as far back as -178. The mean annual temperatures for

each decade at Iceland (Stykkishobs), Vardo2", iAchangel, etc. are tabulated



Because there appears to be some doubt as to whether the early obser-
vations from Vardo (see below) are representative, the data for this
station prior to 1868 should be treated with reservation.

as moan annual deviations (Table III).

3. Localities Considered for t &u

Since any long period variations which show a correlation between ice

off Iceland and temperatures in that and adjacent areas should be more

obvious at stations within or near the Arctic, the situation is first

examined at Stykkisholm (Iceland) and then compared with the record from

Archangel followed by that for Vardo (Norway) and other localities in

northern Europe and the United States.

The location of Archangel on the White Seap suggests that the tem-

perature there is perhaps correlated with ice conditions in the Barents

Sea. Unfortunately, ice data for the Barents Sea are not available prior

to 1895. We may assume, however, that the mean docadal character of the

ice off Iceland (Table II) is indicative in general of ice conditions for

the same periods in the Barents Sea. / The long period changes appear

&/ Beginning with 1895 the general ice pattern in the Barents Sea was
generally severe until 1918. From then on to 1939 (last consecutive year
available), it was light, or much the same as ice conditions off Iceland
for the same periods. During the severe ice period (1895-1918) the mean
annual temperature at Archangel and Stykkisholm ware, respectively 0.150C
and 4.020 C, as compared with 1.530C and 4.9200 respectively during the
light ice period (1919-1939) which would corroborate the interdependence
of the two areas for longer period variations in ice.

similar in the two areas. Thus, the ice retreated northward in the 20's

and 30's from both Iceland and the Barents Sea (as well as from the inter-

vening area). Hence, comparison of the Archangel temperature with ice con-

ditions off Iceland appears permissible.

At Vardo on the north coast of Norway, one might expect to find a
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rable III. Mean Annual Temperature Deviation from Long-Term Average at
Stykkisholm, Vardo and Archangel and the Severity of Ice off
Iceland, by Decade, during 1831-1940.

Decade Ice Severity Stykkisholm Archangel Vardo
(see Table 2) 0c °0 o

I& A

1831)4 Severe 470

-50 Light .43 .35 (-.20)

-60 Moderate -.22 .18 (-.16)

-70 Severe -. 58 -..6 (-.42)

-80 Moderate -.15 -.71 -.25

-90 Severe -.53 -.30 -.17

-1900 .ioderate -.12 -.68 -.29

-10 Mloderate -.12 .01 -. 05

-20 iioderate -.20 -.11 .00

- 0 Light .65 .65 .53

-40 Light 1.09 1.41 .97

1846-50. ( ) Approximate value. 0 1852 lacking.
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relation between the temperature there and ice off Iceland similar to that

at Archangel. On the other hand, although it is farther north than either

Archangel or Stykkisholm, Vardo appears not as affected by northerly winds

as the other two (Shaw, 1936). Consequently, it might also be expected

to show a somewhat different relation to the ice off Iceland and in the

Barents Sea.

The relationship between the general character of the ice off Iceland

and the mean decadal temperature at Stykkisholm, Archangel and to a lesser

extent at Vardo, is part of a more extensive system involving the circu-

lation of the North Atlantic as a whole, the areas which border it, and

possibly other regions as well (Wiese, 1924; Schell, 1940). Thus, the

drift of ice from the Arctic, whether in a series of pulsations (Koch,

1945) or as less regular and more gradual outflows, as generally believed,

is closely related to the flow of warm North Atlantic water. This, in

turn, is dependent on the strength of the trade winds,

Unfortunately, there are no long series of data from the ocean areas

in question. Therefore, in order to show a relation between lee in the

North Atlantic - Arctic and the circulation of that general area, it is

necessary to use the comparatively long temperature records for areas

bordering on the North Atlantic (i.e., northern Europe and the northeastern

part of the United States). The temperatures of these areas are notice-

ably influenced by the continental air masses, Nevertheless, if one

could find a correlation between ice conditions off Iceland and tempera-

tures at these localities, it would support earlier, more limited evi-

dence that variations in the ice of the North Atlantic and Aretie are

related to changes in the circulation over very large areas rather than

over local ones.



G. ICE CONDITIOS AD TELPEMTURES, 1831-1940

Ice conditions (a) existing at the same decade, (b) in the preceding

decade, or (c) in the subsequent one have been compared with air tempera-

tures in the analysis of data (Tables III and IV) for the several locali-

ties under consideration here.

1. Stykkisholm

(a) Comparison with ice conditions in the sarae period. -- For each

of three decades with light ice (1841-1850, 1921-1930, 1931-1940), the

mean annual temperature at Stykkisholm for the same period was above

average (0.43°C 1 , 0.650C, 1.090 C, respectively), the highest positive

Based on 1846-1850 only. However, the entire period of light ice
from 1841 to 1854 was implied by Thoroddsen (einardus, 1906, p. 155) to
have been rather mild in Iceland. Lccording to evidence cited by Jenson
(1939) the 1840's must have been quite mild also off the southwest coast
of Greenland.

deviation occurring for the decade 1931-1940 (Table III). On the con-

trary, for two decades with severe ice (1861-1870, 1881-1890), negative

temperature deviations (- 0.5800, - 0.53°C) prevailed at Styklisholm.

These are likewise the lowest on record.

(b) Comarison with ice conditions of the previous decade. -- The

decades (1871-1880, 1891-1900) with temperature deviations (- 0.130C,

- 0.12°C) somewhat below average, follow decades (1861-70, 1881-90) with

severe ice but a third (1841-1850) had a temperature deviation (0,430 C)

above average following a decade (1831-40) with severe ice. However, the

latter (1841-50) was a period with little ice. It is significant that

though the temperature deviation for the decade as a whole was in all

probability positive, it is equally probable that it was markedly less

than for other decades with light ice (1921-30, 1931-40) ihich followed

periods of moderate or light ice (Table III). Thus, the latter (1931-1940),

-12 -
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following a decade with light ice conditions, had the largest positive

temperature deviation (1.090C). The decade (1851-1860), on the other

hand, which also followed one with light icaj had a small negative tem-

perature deviation (- 0.22°C). This on closer examination appears to

have been due to two extremely cold years (1859 and 1860). Thus, for

the first eight years (1851-1858) the mean temperature deviation is slightly

positive (O.L1°C).

(c) Comparison with ice conditions in a subsequent decade. -- Two

decades (1861-70, 1881-90) with extreme negative deviations in tempera-

ture at Stykkisholm wore each followed by moderate, not severe, ice con-

ditions off Iceland (Table III). On the other hand, following decades

with a marked positive temperature deviation (1841-50; 1921-30; 1931-40),

the ice conditions were moderate in two decades (1851-60; 194 1- 50 6) and

W According to preliminary repo.ts, see pp. 33-34.

light in the other (1931-40).

From the foregoing, it is obvious (1) that temperatures at Stykkisholm

reflect ice conditions off Iceland for the saae period. Furthermore,

(2) it appears that after a decade of severe ice off Iceland, the next

decade in the general area of Iceland has temperatures below the average

unless it be one with little ice. Similarly, in a decade folloving one

with light ice, the temperature is above average. /

/ The character of the ice during 1941-1950 is available for the first

eight years, only in terms, "close to normal," "above" and "below."
This and other considerations made it desirable to treat the results for
this period separately. Hence, for the temperatures above average follow-
ing the light-ice decade of 1931-1940, see p. 27.

(3) Finally, as might be expected, no relationship between the air tem-

peratures of Iceland and ice conditions which occur there at a later date

-14 -



ms found, because as mentioned above, the ice off Iceland is chiofly

ar.rTioC. dow fron tho north ind is not of local origin,

2. eh1Ai-ol

(a) Coarigon with ice conditienw in the Sme period. -- The tern.

perature deviations for irchangel are positive (0.350C, 0.650C, and 1.43.C)

for three decades (1841I-50, 1921-30, 1931-40) with light ice. The highest

temperature occurred in the third which followed a decade with light ice

(Table III). As at Stykkisholm, on the other hand, the temperature at

Archangel for the two decades (1861-70, 1881-90) with severe ice as well

as for the first decade (1831-40) was below average, deviations being

- O.470C, - 0.360 C and - 0.30°C, respectively. These deviations are, how-

ever, smaller than those at Stykkiaholm. This is the more significant

because the standard deviation, e, of the mean annual temperature at

ichangel, - 1.220C (1831-1940) is appreciably greater than at Stykkisholm,

S0.94C (1846-1940)6

(b) Comparison with ice conditions of the previous decade. - Two

decades (1871-80, 1891-1900) following decades (1861-70, 1881-90) of severe

ice off Iceland, had temperatures (- 0.7l9C and - 0.680C) below average

but a third (1841-50) which was free of ice, following one (1831-40) of

severe ice had a small positive deviation (0.35 0C). The positive tom-

perature deviation for this decade, however, is much less than those for

two other decades with light ice (Table III). Hance, one may assume that

had this period (1841-1850) not been almost entirely free of ice, the

temperature would likewise have been below average, One decade (1851-

1860), on the other hand, following one (1841-1850) of light ice had a

slight positive temperature deviation (0.180C), but another (1931-1940)P"

For a discussion of temperatures following the decade 1931-1940,
see p. 35.
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had a greater one (1.410 C)j the 1.rgost such value recorded (Table III).

This in part was probably due to the absence of ice during the period 1931-

40.

(c) Comparison with ice condition. in a subsequent decade. - The

three coldest decades at Archangel (1831-40, 1871-80, 1891-1900) were

followed by one (1841-50) of light ice, by one (1881-90) of severe ice

and by one (1901-10) of moderate ice, Likewise, no consistent relation

can be traced between decades with relatively high temperatures at

Archangel and ice in subsequent periods off Iceland. Thus, two decades

(1841-50, 1931-40)2/ were followed by moderate ice, and a third (1921-30)

2/ According to preliminary reports (pp. 33-34).

by light ice.

In short, ice conditions off Iceland are related to temperatures at

Archangel for the same period or in the next decade in about the same way

as at Stykkisholm, but there is no apparent relationship between ter-

peratures there and ice conditions off Iceland in the next decade.

3. Vardo

(a) Coparison with ice conditions in the same period. -- The Vardo

temperature deviations for decades of severe ice (1861-70, 1881-90) are

- 0.420 C and - 0.170 C, respectively. Similarly, for three decades with

light ice (1841-50, 1921-30, 1931-40), the deviations -sero - 0.20C,

0.53°C, 0.97oC, respectively (Table III). Thus, only the temperature

of the decade (1841-50) does not reflect the ice conditions. Since some

of the early Vardo observations are apparently merely approdmations it

appears that the Vardo values are relatively con istont with the ice for

the general area off Iceland and presumably the Barents Sea.

(b) Comparison with ice conditions of the previous decade, -- omitting

- 16 -



the early Vardo observations, the temperature deviations for the decades

(1871-80 and 1891-190O) are both negative (- 0.250 C and - 0.290 C, respec-

tively). Both periods followed decades of severe ice. On the contrary,

the deviation in the decade (1931-4.0)i - / which followed a light-ice decade,

LO/ For the positive temperature deviation following the light-ice
decade (1931-40) see p. 35.

was positive (0.9300). The large deviation in all probability was due

to light ice conditions during that period.

(c) Comparison with ice conditions in a subsequent decade. -- Follow-

ing the two decades (1861-70 and 1891-1900) with the lowest temperatures

at Vardo, ice was moderate. On the contrary, following the two with the

highest temperatures (1921-30, 1931-40), the ice was light in one (1931-

40) and moderate in the other (1941-50).

1/ According to preliminary accounts (pp. 33-34).

From the above it appears that the temperatures at Vardo as at

Archangel show no consistent relationships to the ice conditions off Iceland

the subsequent decade, as was to be expected.

4. Northern exclusive of Archangel and Vardo) and Northeastern
United States Connecticut) -

(a) Comparison with ice conditions in the same poriod. -- Three dec-

ades of severe ice were accompanied by negative temperature deviations in

northern Europe, but only the first two (1831-40, 1861-70) had values

markedly below the average (- 0.410C and - 0.420 C, respectively) (Table IV).

In contrast, two of the three decades (1921-30, 1931-40) of light ice had

temperatures above average. For the latter the positive deviation was

very marked (0.9800).

- 17 -



At New Haven, Connecticut, the temperature deiations (Table IV) were

appreciably below the average (- 0.830C, - 0.330C, - 0.410C, respectively)

during each of three decades with severe ice and markedly above the

average (0.590C, 1.180C) during two light-ice decades (1921-30, 1931-40)

but not during a third (1841-50) (- 0&01.0C).

(b) Comarison with ice conditions in the previous decade. - The

temperature deviation of northern Europe following two decades (1831-40,

1861-70) of severe ice were both negative (- 0.250C, - 0.350C) but it was

somewhat positive (0.050C) during a decade (1891-1900) after one (1881-

90) of severe ice (Table IV). Following one decade (1841-50) of light

ice there was one with a negative temperature deviation (- 0j12°C) but

another (1921-30) was followed by one with a positive temperature dovia-

tion (0.98°C)i

W For the positive temperature deviations following the light-ice
decade (1931-40) see p. 35.

Likewise, no consistent relation appears between the temperature of

New Haven and the ice of the period preceding it. Thus, for the decades

(1841-50, 1891-1900) which followed decades of severe ice, the tempera-

ture correlations (Table IV) were negative (- O. 0 °C and - 0.060 C,

respectively), but for a third (1871-80), it was positive (0.350C).

Similarly, one decade (1841-50) of light ice was followed by a negative

deviation (- 0.480C) at New Haven, but a second (1921-30) by a positive

deviation (0.860C).

(c) Comrison with ice conditions in a subsequent decade. - For

northern Europe, a cold decade (1831-40) was followed by light ice off

Iceland, a second (1861-70) by moderate ice there and a third somewhat

less cold decade (1871-80) by severe ice (Table IV). Similarly, at New

Haven, Connecticut, a cold decade (1831-40) was followed by light ice, a
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second (1851-60) by severe ice, and a third (1881-90) which was eoe*at

loss cold by moderate ice. Again, the warriest decade (1931-40) of Al

both in northern Europe and at New Haven, is apparently followed by one

with moderate ice (.pp. 33,34).;

From the coparisons presented above, it appears that temperatures

along the northwestern and northeastern borders of the North Atlantic are

to some extent related to variations in the ice conditions occurring at

the same time off Iceland. One might also expect an ice-temperature

correlation between a given temperature trend and ice conditions at some

subsequent time, because of the time which must elapse before changes in

the circulation of the North Atlantic produce any obvious effects on ice

conditions to the north. However, this does not appear to be true since

the mean temperature for one decade in northern Europe and the northeastern

United States appears to have no consistent relationship with the ice of

the next. This was actually to be anticipated because the temperature

variations of these land masses are markedly determinod by the air masses

over these continente, especially in winter with the development of the

Siberian and North American Highs, rather than by the waters off their

shores.

The absence of a consistent relation for northern Europe) other than

at Archangel and VardoP between decadal ice conditions off Iceland and

the mean decadal temperatures in the next decade does not imply that such

a relationship does not exist for shorter time intervals. Thus, follow-

ing severe ice conditions between April and July in the Greenland Soa,

the mean North Atlantic cyclonic track (Wicse, 1924), the pressure dis-

tribution over northwestern Europe (Brooks and Quennell, 1928), and pre-

cipitation over the same area (Schell, 1947) in subsequent months all

appear to vary with sevoro- and light-ice conditions.
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H. PROBAB CIRULATION PATMMS A1SOCIAM WITH PROLONGM PERIOD OF
SEVERE AND LIGHT ICE OFF ICULAD AND THEIR ORIGIN

From the fact that 10-yearly means of ice extremes off Iceland appear

to be related to the mean temperature of the correspondig decades in

Iceland, Archangel, Vardo and to sawm extent in northern Europe and the

northeastern United States (i.e., New Haven, Connecticut), it appears that

the circulation of the North Atlantic and to some extent also that of the

adjacent areas of Europe and North America is associatee ith variations

in the ice of the North Atlantic - Arctic.

With severe ice conditions off Iceland and a greater flow of water

from the Arctic Ocean, moe cold water can be expected to flow out with

the East Iceland Current to mingle with the warm North Atlantic water

moving northeastward as the Norwegian Current to the Barents Sea and north-

ward to Spitzbergen (Fig. 1 ). Coincident with a decrease in the flow

3/ Information obtained since the publication of Nansenls paper, con-
firm the basic picture draw by him (Kiilorich, 1945).

of warm water into the Arctic, less warm air would be transported north-

eastward. Conversely, with little ice off Iceland and presuably a

weaker outflow of polar water from the north, the northward flow of warm

North Atlantic water will have loss cold water mixed with it and more

warm air would move into the Arctic. With severe ice conditions in the

North Atlantic - Arctic, farther south, either a southward displacemontuv

14/ The ward "displacement" seem to the writer a bettor term for
LoDanois' "transgression" in describing the horizontal swayings of the
large mass of warm North Atlantic water.

of the warm North Atlantic water mass (LoDanois, 1934) or a contraction

of the warm North Atlantic cell, presuaably dem to the strengthening of

the trade wind circulation (Iselin, 1940), results in a southward
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displacement of the Arctic convergence zone and in a reduced flow of warm

water northeastward into the Arctic.

The extent of the ice, the strength of the water and air circulation,

and the steepness of the south-north temperature gradients are all inter-

related, but it is improbable that they ever reach their maxima at the same

time. Thus, the steepest south-north temperature gradient probably does

not coincide with the increased circulation, nor the latter with the far-

thest retreat poleward of the ice. This is partly due to the resistance

W / Because the wind is an important factor in the distribution of ice,
the view is sometimes held that severe ice off Iceland or in that general
area is associated with an increased circulation (Meainardus, 1906; U.ts
1941) However, Defant (1924) obtained negative correlation coefficients
between the ice off Iceland and the mean annual pressure falls between
30ON and 650N over the North Atlantic and northern Europe to the Northern
Atlantic along approximately 700N. This indicates that an abundance of ice
off Iceland tends to be associated with smaller south to north and east to
west pressure falls or with a decreased circulation. Substantially, the
same results were obtained for the Barents and Greenland Seas by Wiese
(1924).

One possible reason for the fact that an abundance of ice off Iceland
appears to be associated with a decreased rather than an increased circu.-
lation is that severe ice can only occur there if the ice to the north is
plentiful, Also the steepening of the south to north and east to west
pressure gradients over the North Atlantic and the corresponding increase
in the circulation is generally associated with a northward d
of the Icelandic Low (Brikseon, 1943). Thus, that region is influenced by
more southerly winds. This shift vould tend to drive the ice awy that is
carried to Iceland by the off-shoots of the Last Greenland Polar Current
or directly from the Greenland sea itself.

Meinarduas (1906) conclusion that severe ice off Iceland over long
periods of time is associated with an incroasod circulation is based on
a comparison of the smoothed five-year means of the mean annual Copenhagen
to Stykdisholm pressure fall and the moan fifteen-year ice values off
Iceland centered about the middle five-year period corresponding to the
current five-year period. However, his results are in part due to a
fortuitous combination of data. Thus, the largest positive deviation
(0.96 mm.) in the Copenhagen-Stykkisholm pressure fall (i.e., increased
circulation) for the period of severe ice (centered about 1861s-35), but
the pressure deviation corresponding to an equally severe ice period
(centered about l8PA-O890) is only 0.04 mn. In addition, the deviation
for a very mild ice period (centered about 1846-18l0), which would be
expected to show a marked negative deviation, me actually shown by him
to be slightly positive (0.07 mn.).



Not only the ice off Iceland but also that of the Arctic as a vhole
shows an increase in the circulation correlated with a decrease rather
than an increase in the ice. Thus, the increase in circulation in recent
decades in the northern North Atlantic, the northern North Pacific and the
Arctic Ocean was accompanied by a marked shrinkage of the Arctic pack both
in area and thickness. The first result of an increased circulation is
for more ice and polar water to be carried out of the Arctic. With a eon-
tinwation of this flow more warm air and water enters the Arctic from the
south. As a result, the ice will melt and the Arctic ice pack will shrink.

to change (inortia) of the ice and the oceanic circulation, partly because

some critical Limit must be attained before an obvious reversal in trend

can occur, and partly because of the interaction of the atmospheric circu-

lation of the North Atlantic with that of other areas. Some time must

elapse, therefore, before an increased transport of warm air, for example,

can effect a decrease in the southward extension of the ice.

As suggested earlier (Schell, 1940), a given set of ice conditions

with its corresponding circulation and temperature gradient, when fully

estabIlshed, tends to promote conditions that work against the initial

state. If undisturbed, these will eventually lead to the opposite state.

Thus, an increase in the northward transport of warm mter and air and a

poleward retreat of the ice is caused by a steeper south-north temperature

gradient. In time this process will produce a less steep gradient with

decreased circulation. Partly because of the momentum of the circulation

and partly because of conditions elsewhere, the docrease to be expected

by the return of the normal south-north gradient may sootimes be greater

than normal. The transport of warra water and air to the north will then

decrease below normal, and the ice will subsequently advance southward

beyond its normal limits.

On the other hand, with the retreat polevard of the ice, there will

be a fall in pressure to the north# This increases the circulation, but

the weakened south-north temperature gradient, caused by the increased

transport of warm water and air northward, results in a decreased
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circulation. The apparent contradiction rosulting from these two tend-

encies (Simpson, 1927) can be reconciled, however, if we assume that the

more or less simultaneous trends toward an increased and docreased circu-

lation are not in balance (Brooks, 1928). Consequently, these swings in

the North Atlantic circulation are, as often observed, irregular both in

phase and amplitude.

Were the circulation self-contained, these irregular swings would soon

die out, Howevert this is not the case, and means that they are in part

determined by non-atmospheric factors of a terrestrial or axtra-terrostrial

origin. It is reasonable to assume that with the sun as the primary cause

of the equator-to-pole temperature gradient, changes in its radiation

whether directly or indirectly could cause the irregular shifts in circu-

lation. Howwer, an increase in solar radiation does not necessarily

accentuate the general south-north temperature gradient of the surface

layer. The effect caused by a change in the sun's activity is such as

one might expect when superimposed on the particular phase in the circula-

tion of a particular region.w

W The ache=e for theociroulation fluctuations described above is in
partial agoement with Angstrom's (1939) views that large temperature
differences between equator and poles presumably result from a reduced
circulation. Acov'ding to him, however, a change in the teamporature
gradiont cannot affect the circulatio, as it in determined by changes in
the stratosphere alone. 2ngstrom believes that the atmosphere is stirred
by traveling depressions controlled frm the stratosphere.

This appears improbable because the bulk of the air lies within the
first few kilometers of the atmosphere and because the oceans are the
primary source of the atmosphere's moisture as well as stabilizers of the
circulation., by reason of their groat heat storage. It is reasonable to
suppose that the changes in the lower layers of the atmosphere though
initially due to changes in the sun are more significant in effectiv the
irregular swlgs in circulation than the changes in the stratosphere as
suggested by lgstroa (1939) and others.
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1. EFFET OF IM OFF ILAND ON THr SUBSEQUENT T MERATURE AT ARCHANGEL

From the examination of the mean decadal character of the ice and

corresponding temperature deviations, it appears that following severe

ice, the temperature deviations at Stykkisholm and Archangel tend to be

negative and following light ice, positive. This might be expected from

the distribution of currents and winds in the northern North Atlantic

(Fig. i), because following severe ice off Iceland, more cold water than

usual presumably enters the warm North Atlantic water and thence flows

into the Barents Sea after it rounds the North Cape. This suggests that

at Archangel we may expect an accentuation of the local persistence effect

due to either severe or light ice conditions off Iceland the decade before.

Hence, the temperature deviation at Archangel will be greater than at

Stykkisholm where it depends only on the local persistence of such con-

ditions. If this is true, it is to be expected that the temperature

deviation at Archangel will be greater following these periods of extreme

ice conditions, than it was during such periods*

Thus, for the two decades (1871-80; 1891-00) each following one with

severe ice, both followed by moderate ice, the negative temperature devia-

tion in each (Table V) was (1) greater at Archangel than at Stykkisholm

(- 0.58 0C vs. - 0.130 C and - 0.680C vs. - 0,12 C, respectively) and (2)

greater in the succeeding decade than during the one (- 0.580 C vs- - 0.360C

and - 0.68 0C vs. - 0.300C, respectively) of the severe ice.

For a decade (1831-40) of severe ice followed by one with light ice

with a positive temperature deviation (presumably in response to the light

ice regime), the positive deviation was smaller at Archangel than at

Stykkisholm (0.35 0C vs. O.43 0 C). This suggests that cold water and ice

at Iceland the previous decade may have affected conditions at Archangel

the succeeding one (1841-50).
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Table V. Differences in Temperature Deviations Between Archangel and
Stykkisholm for Decades Following Severe and Light Ice,
Respeotively, off Iceland: 1831-1949

Decade
Ice

Contemporary Following Character Archangel Stykkiseholm Differenceoc oc oc

A '

1831-40 Severe -.47 -

1841-50 Light .35 .43 -. 08

1861-70 Severe -.36 -.58

1871-80 Moderate -.58 -.13 -.45

1881-90 Severe -. 30 -. 53

1891-00 Moderate -.68 -.12 -.56

1841-50 Light .35 .43
1

1851-60 Moderate .18 -. 22 .40

1931-30 Light .65 .65

1931-*0 Light 1.41 1.09 3231

1931-40 Light 1.41 1.09

1941-9 "Moderate" 3.3* 1.10

1949 only.
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For the decades with light ice one (1851-60) following another with

light ice (1841 50) showed a positive temperatvre deviation at Archangel

as compared with a negative one at Stykksholm (0.180C Vs. - 0.22'0). The

Archangel temperature, however, ma not higher than that for the previous

decade. a / The temperature deviation at Archangel for 1931-40, following

The circulation associated with the light ice decade (1841-50) me
probably not as intense as during the recent light-ice period (1919-1940)
vhen all of northern Europe as well as northeastern United States had the
highest temperatures on record. This may explain the rather small positive
temperature deviation at Archangel the next decade (1851-60) and negative
deviation at Stykkisholn. (For the first eight years (1851-58) it mas
positive, averaging 0.110C).

a light-ice decade (1921-30) was a&mewhat greater than at Stykkisholb even

allowing for Archangel's larger standard deviation, ar, (1.41% ve. 1.09°C)

and was also greater than for the previous desado (1,41 C vs. 0.65°C). It

is not possible to make any definite conclusions about the effect of light

ice off Iceland for 1931-40 on the Archangel temperature in the years

1941-50, because only one year (1949) of the Archangel record is available.

Furthermore, the decade (1931-40) itself was one of little ice. The

Archangel deviation that year was positive and on of the largest (2.3 0 C)

on record,

On the whole, following severe and light ice respectively, off Iceland,

the temperature at Archangel is more extreme than at Stykkisholm since it

not only reflects conditions off Iceland but also seens accentuated by

the E. Icelandic Current diluting the warm North Atlantic water entering

the Barents Sea.

J. ICE ND TEMUTURE TRENDS AFTE: 1941-1950

The light ice off Iceland during the last two decades (1921-40) raises
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the question as to whothe.' the mean temperature during the prea st 41no

(1941-50) in the general vicinity of Iceland, Vardo and Archan" wi2.1

prove to be above average and also as to whether the positive dOiU't. ion

at Archangel will be greater than at Stykkisholm as suggested aPv.o.

Itually, since there were two conaecutive decades with light W" * y:

might expect to find especially large positive temperature d~vi8U.ior at

Stykkisholm for 1941-50 provided the ice trend during this dac4 a has not

reversed itself..

Rough estimates of the ice conditions off Iceland for the sriod

1941-48 (U. St Coast Guard Bull. 1947; Danske Meteorologiske IatkittL

1941, 1946; author's correspondence) indicate the folloving:

1941 ------ --- ---- --- "close to normal"
1942 - -- - ---------- "below normal"
1943 --.-.----- - - - - . - - - "somehdiat above norV"L"
1944 -. . . .- - - .0 - - "-"much above normal"

1945 ------ --- ---- --- "close to normal"
1946 -- "close to normal"
1947 --- "somewhat l0ss than x=M-ra1"
1948 ------ ---- --- --- "close to normal"

or, taking the eight years together (no data later than 1948 %N o aail-

able) the ice off Iceland for 1941-8 may be considered as "clxotJ to normal."

Hence, since the ice vs not severe enough to counteract 1tirritd toward

temperatures above normal caused by the prosonce of little ice I n the two

preceding decades, we may assume that the mean temperature forlg43941-8 was

above average at Stykkisholm, at Archangel and perhaps also Var .ao,

Observations at Stykkisholm indicate that the moan annualtoImforature

for the period 1941-8 corresponding to generally normal ice cottlitions

off Iceland, was 1,300C above average and for the period 1941- ,t 1.15 C,

compared with 1.09OC in the preceding decade (1931-40). The z W ann iAa

temperature at Archangel for the year 1949 was one of the highA x on

record. At Vard / the average temperature deviation based %0 soven
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The station was destroyed in August 1944 and did not open again until
June 1945, Comparison with neighboring stations, homovor, indicated that
the anmal temperature in 1944 and 1945 was slightly above normal.

year. (1941-3, 1946-9) was 0.330C.UJ

12/ The mean 1941-9 annual temperature deviation at Edinburgh, was
O.55°C, at Bergen 0.540C, at Oslo 0.90C, at Stockholm 0.700C, at Helsinki
0.640C, at Copenhagen 0.750C, and at New haven, Connecticut 1.340C (Table VI).

Comparing the ice off Iceland for this period (1941-8) with that

of the preceding 22 years (Table I), it appears that in the 8-year period

(1941-8) the ice was on the whole "close to normal" and in at least one

year, "above normal." On the other hand, the ice was "below normal" each

year for the period 1919-40. Fourteen years had no ice at all. The trend,

therefore, for very little ice may not have reversed itself, but, at least,

it was temporarily ceased.

If the general atmospheric circulation is self-contained (see pp. 20.

22), any prolonged rise in the temperature in high latitudes will weaken

the general atmospheric south-north temperature gradient. Ls a result,

the transport of warm air poleward will soon decrease and conditions

favoring an increase in the polar ice-cap and a greater flow of ice into

the East Greenland Polar Current and also towards Iceland will occur once

more (Schell, 1940).

We may, therefore, anticipate from the relationship described above

and from the evidence for the period 1941-8, suggesting that the years

with light ice have ceased, that everything else being constant the trend

toward high temperatures in the general vicinity of Iceland, Vardo and

Archangel is not likely to contime long in its present intensity. The

change at Archangel, however, would be expected to occur later than at

ty kkisholm.



Table VI. Mean Annual and Decadal Temperatures at Archangel, Bergen,
Copenhagen Edinburgh, Helsinki, Leningrad, Moscow,
New Haven (Conn.), Oslo, Stockholm, Stykkisholm, and Vardo,
during 1831-1949 (except as noted).

0

bo = o
ear0 00 o O ° °

- 0 0V
Col. 0 X 0 > $4

0 0 40

Year 00; 0C OC 0 F 00 00 00 OF Oc OC 00 00
40+ 40+

1831 0.7 8.0; 8.3 8.1 4.1 5.5 4.2 9.2 5.7 5.4 - -

2 - 8.1 8.0 7.7 4.7 5.3 3.5 7.7 5.9 5.6 - -

5 0.2 7.6& 7.7 7.2 4.6 5.9 5.0 8.5 5.6 5.8 - -

4 -0.4 8.5" 9.0 8.7 4.5 5.5 4.4 8.9 6.5 6.8 - -

5 -0.7 7.2 7.7 6.8 5.8 5.4 3.4 6.6 5.8 5.6 - -

6 0.6 6.4 7.1 5.7 4.0 4.0 5.2 5.2 4.7 5.0 - -

7 o.o 6.6 6.8 5.7 4.2 5.4 5.9 6.4 4.9 4.8 - -

8 -0.7 5.8 5.5 4.7 2.5 2.1 5.0 8.2 5.5 3.9 - -

9 o.6 6.9 6., 6.4 5.8 2.7 5.6 9.2 4.7 5.5 - -

184o -0.8 6.6 5.1 6.7 2.9 2.1 2.5 9.0 5.0 5.5 - -
1 1.4 6.9 6.8 6.6 4.4 4.7 4.8 9.5 4.6 5.6 - 1.2
2 0.5 8.2 8.1 8.0 4.8 4.2 5.5 9.9 6.7 6.4 - 1.1
5 0.9 7.4 7.7 7.6 4.5 4.7 4.9 7.4 5.6 5.8 - 0.7
4 0.4 6.4 6.5 6.8 2.4 2.7 5.4 10.2 4.0 4.1 - 0.5
5 -0.5 6.9 6.3 6.2 5.5 2.9 5.5 10.2 4.6 5.0 - 0.6
6 1.0 8.7 8.6 9.6 4.4 5.8 4.0 lo.1 6.5 6.5 6.0 1.5
7 1.5 7.4 7.5 7.4 4.3 4.0 4.6 9.4 5.2 5.5 5.5 1.5
8 1.5 7.0 7.5 7.0 4.3 4.2 4.9 9.2 4.7 5.9 5.2 0.6
9 o.6 6.5 6.9 6.5 5.2 2.9 3.1 8.5 4.5 .5.1 4.2 0.5

1850 0.5 6.6 7.0 7.1 3.5 3.6 3.7 8.8 4.8 5.4 4.0 -o.5
1 1.9 7.0 7.5 7.1 4.4 4.7 4.6 9.0 5.5 6.0 4.7 1.2
2 -0.5 8.1 8.1 8.6 5.5 2.9 5.5 8.8 5.4 6.1 4.6 -o.1
3 2.0 7.1 6.8 6.9 4.2 4.2 4.2 9.6 5.2 5.6 4.3 1.9
4 1.2 7.5 7.4 8.6 4.6 4.5 4.6 9.5 6.1 6.5 5.8 1.5
5 -0.6 6.2 6.0 6.3 5.1 5.2 4.0 9.0 4.1 4.9 3.4 0.1
6 -1.7 6.5 6.8 8.1 2.1 2.2 5.5 7.0 4.1 4.7 4.9 -1.6
7 -1.0 8.5 8.5 9.5 4.3 4.4 4.6 7.5 6.5 6.7 4.2 0.4
8 2.0 7.7 7.7 6.8 4.9 4.8 4.6 8.5 6.6 7.0 4.2 2.5
9 2.5 7.6 8.4 6.1 5.1 5.2 - 8.0 6.5 6.5 1.8 1.4

Interpolated from neighboring stations.
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0

0 A 0 0b 0 0

1. 00 400)z

Year 00 0Oc 0 P 0 00 ( c OF 00 Oc OQ 0(
,0 4o 0+

1860 0.1 6.2 6.8 4.3 3.7 3.8 3.1 8.6 4.0 4.9 .4 0.8
1 -0.5 7.8 7.5 6.5 4.0 3.7 3.1 10.1 5.6 5.5 4.6 1.8
2 -2.1 7.4 7.1 6.2 2.0 1.2 1.2 9.5 4.6 3.7 3.7 -0.3
3 2.8 7.6 8.5 7.4 5.6 5.8 5.2 10.0 6.7 6.7 2.7 1.9
4 0.2 6.7 6.5 5.7 3.4 3.6 3.5 9.9 4.3 4.5 4.8 o.6
5 -0.1 7.0 7.3 6.8 3.2 3.6 3.2 9.3 5.1 5.4 3.2 -0.1
6 -0.3 7.3 7.8 6.9 4.1 4.4 4.7 8.0 5.7 5.3 1.8 0.2
7 -1.9 6.3 6.1 6.9 1.4 1.5 2.6 8.0 4.1 3.2 5.5 -1.2
8 0.8 7.6 8.4 8.8 4.2 3.8 4.0 7.0 6.5 6.4 3.5 0.8
9 2.6 6.4 7.6 7.2 4.6 4.9 5.4 7.0 6.0 5.6 3.1 1.2

1870 -1.0 6.5 6.5 7.2 3.3 2.9 2.7 9.0 4.8 5.0 5.0 0.2
1 -1.0 6.6 6.0 6.7 2.1 2.2 3.2 8.0 4.2 3.7 4.6 -0.1
2 0.0 8.2 8.7 7.0 5.5 4.9 5.0 8.,o 6.6 6.9 4.5 0.5
3 -1.0 7.6 8.0 7.0 4.9 4.0 4.4 7.9 6.3 6.4 3.8 0.6
4 1.1 7.2 7.9 7.1 4.7 4.3 4.6 9.3 6.3 6.0 2.8 1.1
5 -1.6 6.8 7.0 7.6 1.8 1.4 1.3 8.3 4.7 4.3 4.8 0.3
6 -0.5 6.7 7.3 7.2 3.0 2.9 3.6 lO.8 5.1 4.9 4.1 0.8
7 -o.4 6.4 7.0 6.5 3.2 2.9 .3 12.5 4.1 4.7 3.2 0.4
8 1.5 7.0 8.3 7.4 5.1 4.8 5.1 12.7 6.3 6.2 5.4 1.7
9 -0.7 6.4 6.3 3.8 3.9 3.7 3.5 10.8 4.8 4.8 4.3 1.3

1880 -o.4 7.4 7.6 7.3 38 3.7 4.1 11.7 5.9 5.7 4.7 0.2
1 -o.4 6.0 6.5 5.8 2.5 2.9 3.3 9.9 4.3 4.1 2.4 -1.1
2 0.0 7.8 8.4 7.2 5.2 5 . 5.5 8.8 6.4 6.7 2.6 o.8
3 1.4 7.4 7.7 7.o 4.3 4.2 4.4 7.6 .5.9 6.o 4.3 1.7
4 -0.9 7.9 8.2 7.7 4.3 3.6 3.5 8.9 6.2 5.9 4.5 0.8
5 -0.6 6.4 7.3 6.3 4.1 4.2 4.1 7.4 5.53 5.2 2.9 0.2
6 0.9 6.7 7.6 6.2 4.6 4.6 4.3 8.3 .5 6.1 2.9 0.9
7 0.5 6.9 7.3 6.8 4.9 4.8 5.1 8.7 6.2 6.1 3.2 1.2
8 -1.7 6.4 6.4 6.0 2.:3 2.0 2.7 7.2 4.5 4.1 3.8 -0.4
9 1.3 7.7 7.6 7.4 4.5 4.2 3.7 10.2 6.8 5.9 4.9 1.7

1890 0.6 7.6 7.7 7.6 5.3 5.2 5.1 9.3 6.1 6.5 4.7 1.8
1 -0.7 7.5 7.5 7.1 4.6 4.1 4.4 10.0 5.8 6.2 4.6 0.4
2 -o.8 6.1 7.2 5.6 3.0 2.8 3.8 8.6 5.2 5.2 2.3 -0.1
3 -2.1 7.1 7.3 8.9 2.6 2.3 2.9 7.6 5.4 5.0 4.1 -0.7
4 1.1 7.9 8.3 7.8 5.5 4.8 4.4 9.7 6.7 7.0 4.9 1.4
5 -0.1 6.4 7.5 6.7 4.1 5.7 4.0 8.9 5.2 5.7 4.5 0.7
6 0.5 7.5 8.4 8.2 5.2 4.6 5.8 8.9 6.5 6.7 3.9 1.2
7 0.7 7.2 8.0 7.5 4.9 4.8 5.1 9.5 6.3 6.4 4.2 1.8
8 0.6 7.3 8.2 9.2 4.7 4.7 4.6 10.3 6.2 6.5 4.0 1.7
9 -1.4 7.0 8.4 8.0 3.6 3.6 4.2 9.2 6.2 5.7 3.5 0.0
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Year 0c 0O 00 O 0 o0 00 O' 00 00 00 oC
4o+ 40+

1900 -o.5 6.7 7.8 7.7 3.5 .6 3.7 10.7 5.6 5.7 4.3 O.C
1 0.0 7.6 7.9 7.9 4.8 4.6 5.2 8.7 6.3 6.5 4.8 1.1
2 -2.6 6.5 6.6 6.4 2.5 2.1 3.2 9.4 4.7 4.2 3.7 -0.E
3 1.5 7.2 7.9 6.9 5.4 5.3 5.9 9.2 6.1 6.4 3.3 o.e
4 0.3 7.0 7.8 7.0 3.7 3.8 3.8 6.7 5.8 5.3 3.9 1.1
5- 1.8 7.2 7.7 7.6 4.8 4.9 5.1 8.8 6.3 6.5 4.3 1.2
6 1.2 7.5 8.5 7.5 5.4 5.3 5.6 1e.4 6.9 6.5 3.7 ' 0
7 -0.3 7.0 7.5 6.8 3.4 3.1 2.8 8.5 5.7 5.4 3.4 ..4
8 0.0 7.7 7.8 7.9 4.1 5.7 2.8 10.9 6.4 5.6 5.1 1.2
9 0.9 6.6 6.9 6.4 4.2 4.1 4.3 10.1 5.3 5.0 4.5 1.0

1910 1.4 7.8 8.6 6.9 5.8 5.6 5.6 10.3 6.7 6.6 5.6 1.0
1 o.4 7.7 8.9 8.3 4.9 4.3 4.o 10.5 7.2 6.7 4.3 1.5
2 -1.1 7.6 7.6 7.5 4.2 3.8 3.6 9.9 5.9 5.7 4.5 -0.4
3 0.6 7.8 8.6 8.0 5.2 5.3 5.5 12.3 6.9 6.6 4.4 1.4
4 0.5 8.0 9.0 8.8 5.4 5.5 5.0 9.4 7.5 7.2 3.4 1.5
5 -1.0 6.0 7.2 6.6 2.5 2.7 4.1 11.1 4.7 4.5 4.5 0.4
6 1.1 7.3 8.0 7.2 4.2 4., 4.5 9.4 6.2 5.7 4.2 0.6
7 -0.5 6.4 7.5 6.4 3.9 3.4 ,.9 7.9 5.1 5.2. 5.4 -o.3
8 -0.5 7.5 8.1 7.7 4.6 4.0 4.5 9.8 6.3 6.1 3.0 1.0
9 O.1 6.1 7.3 6.1 4.0 5.7 3.7 10.9 5.3 5.4 3.9 1.0

1920 5.2 7.8 8.4 7.9 5.9 6.0 5..5 9.3 6.4 6.9 5.9 2.8
1 1.8 7.5 8.8 9.2 5.0 4.5 5. 11.9 6.9 6.8 5.8 1.9
2 1.9 6.4 6.9 6.5 3.8 3.9 4.8 10.8 5.4 5.1 4.7 2.2
3 1.0 6.4 7.2 6.8 5.9 3.6 4.5 9.6 5.2 5.1 4.3 1.7
4 1.5 7.5 .7.3 7.4 5.0 4.6 4.3 9.3 5.8 5.8 4.3 1.7
5 1.5 7.8 8.5 7.2 4.9 5.2 6.2 10.6 6.2 6.3 4.3 1.4
6 0.5 8.0 8.5 8.2 3.7 5.6 3.9 8.4 6.0 5.8 5.0 0.5
7 0.7 7.0 7.9 7.2 4.4 4.0 4.1 10.7 5.2 5.8 5.2 0.9
8 1.0 7.1 7.9 7.4 4.4 4.4 4.1 10.9 5.5 5.5 5.9 1.4
9 0.0 7.0 7.5 7.5 4.2 5.9 5.8 10.6 .8 5.7 5.7 1.0

1950 1.5 8.6 8.9 7.3 6.3 5.7 5.2 11.5 7.2 7.5 4.8 1.9
1 1.7 6.9 7.6 7.1 3.9 4.0 4.1 12.8 5.5 5.2 4.9 1.4
2 2.4 7.8 8.9 8.2 5.4 5.6 6.0 11.8 6.9 6.7 5.5 1.4
5 0.2 8.5 8.6 9.5 4.7 4.0 3.4 11.1 6.9 6.4 6.0 1.5
4 2.7 8.7 9.9 9.5 7.0 6.5 6.1 9.8 7.9 8.2 5.0 2.5
5 1.8 7.6 8.8 7.9 5.6 5.o 5.4 10.2 7.0 7.o 4.8 1.8
6 2.6 8.2 8.6 7.9 6.1 6.0 6.5 1o.4 6.9 7.1 4.9 1.8
7 2.9 8.0 8.6 7.7 5.9 5.9 6.0 11.6 6.9 7.3 5.0 2.8
8 2.9 8.2 9.5 9.5 6.9 6.4 6.9 11.8 7.8 8.1 5.3 5.2
9 1.1 8.1 8.8 8.7 5.7 5.0 5.5 10.9 6.9 7.2 6.2 1.6
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Year 00 0  °C OF O 00 0 OF 00 00 0 °0
40+ 40+

1940 -0.1 6.7 6.6 7.7 3.4 3.1 4.2 8.8 5.4 4.9 4.8 1.0
1 7.0 7.0 6.9 2.5 11.6 5.1 4.8 6.4 o.0
2 6.6 6.5 7.5 2.8 10.9 5.1 4.5 5.4 0.3
3 8.2 9.2 8.9 6.4 10.7 7.5 7.8 4.2 2.1
4 7.7 8.7 8.0 5.9 11.9 7.0 7.1 4.9 -
5 8.3 9.2 9.6 4.8 11.7 7.4 7.0 6.1 -
6 8.0 8.3 8.0 5.0 12.5 .6.9 6.7 6.2 1.7
7 7.4 8.0 7.3 4.1 11.5 5.6 6.2 5.0 1.3
8 8.2 9.1 8.4 5.6 11.2 6.9 7.1 5.2 1.7
9 2.7 0 8.4 9.7 9.7 6.6 14.2 8.1 8.0 4.3 1.7

Ten Year Means

1831-40 -o.o6o 7.17 7.13 6.77 3.91 3.17 3.87 7.87 5.21 5.35 - -

-50 .76 7.20 7.27 7.28 3.93 3.77 4.02 9.30 5.12 5.53 4.58t .73
-60 .59 7.20 7.38 7.23 3.97 3.99 4.o7*08.51 5.36 5.89 3.93 .77
-70 .05 7.06 7.33 6.96 3.58 3.54 3.56 8.78 5.54 5.21 5.57 .51
-80 -0.-0 7.03 7.41 6.76 3.80 3.48 5.81 10.00 5.43 5.36 4.02 .68
-90 .11 7.08 7.47 6.80 4.20 4.08 4.17 8.63 5.72 5.66 3.62 .76

1900-00 -0.27 7.07 7.84 7.67 4.17 3.90 4.09 9.26 5.91 6.Ol 4.03 .64
-1o .42 7.21 7.72 7.13 4.41 4.25 4.43 9.28 6.02 5.8o 4.03 .9o
-20 .30 7.22 8.06 7.43 4.48 4.3o 4.41 10.05 6.13 6.00 3.95 .93
-30 1.06 7.31 7.94 7.45 4.56 4.34 4.6o lo.43 5.92 5.94 4.80 1.46
-40 1.82 7.87 8.59 8.55 5.46 5.15 5.39 10.92 6.81 6.81 5.24 1.90*4
-49 7.76 6.41 8.26 4.86 11.78 6.62 6.58 5.50 1.26

Mean

1831-1940 0.4 .0 7.22 7.66 7.26 4.22 4.01 4.22*°9.57 5.72 5.78 4.15" .93 *

0 Except 1832 oo Approximately *0 Except 1859 +Mean: 1846-50
+tiean: 1846-1940 * Mean: 1841-1940 "Mean: 1941-43, 1946-49
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K, SLkWaRY

1. We have assumod that due to the interaction botween air and the

oceans the trend of ice off Iceland and that general vicinity must be

closely related to the circulation in the northern North Atlantic and

adjacent areas. In addition, because of the persistence of the ice and

the polar water associated with it, a relationship was also assumed between

ice and the circulation trends for the nwxt decade in the area of the ice

and general vicinityi

2. In ti-ls investigation, only the air temperatures of Iceland,

northern Europe, and the northeastern United States (1831-1949) were com-

pared with ice conditions off Iceland. L considoration of direct measures

of air and water circulation to be derived frcm ocean currents, pressure

distribution, winds, etc. is planned for the future. The analysis was

also limited to prolonged periods of severe and light ice conditions, to

permit the relationships between ice and temperature to become more ob-

vious than is possible in comparing "close to normal" conditions. Under

the latter circumstances, fluctuations in the temperature can occur in

either directiorr- bocause of the quasi-stable character of the circulation.

ictually, at Stykkisholm, which unlike trchangel, appears to be un-
complicated by an accentuation of effects caused by a transport of water
from the West, the temperature deviation also corresponded to the ice
character for the moderate ice decades.

3. Comparison of the mean decadal ice extremes with mean temperatures

for the same decades at Stykkisholm, Archangel and Vardo indicate a

definite relationship between the two for the same period (Table III).

Thus, three decades with severe ice off Icland (1831-40, 1861-70, 1881-90),

were accampanied by temperatures below average at Archangel. At Stykkis-

holm and Vardo, where no data are available for a decade with severe ice
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(1831-40), temperatures were below average in the other two decades in

question. Similarly. three decades with light ice (1841-50, 1921-30.

1931-40) were accompaniod by temperatures above average except at VMrdo

in the one decade (1841-50), (see below), Comparison of the mean decada.

temperature of northern Europe, exclusive of Archangel and Vardo, and of

the northeastern United States with the ice off Iceland indicates that

the circulation over these areas is to a marked degree part of the same

process that determines ice conditions off Iceland (Table IV).

4. Furthermore, the temperatures of Iceland, ichangel, and perhaps

also Vardo 2/ are seemingly related to the ice conditions of the previous

a From the fact that Vardo lies between Iceland and Archangel and
appears more exposed to the influence of the warm North Atlantic water
flowing around the North Cape than Archangcl, we might have expected
better agreement between the Vardo temperatures and the ice conditions
of the previous decade than was actually obtained. We have already noted
the possibility that some of the Vardo observations during the early
period of that station's operation are only approximate. It is also
possible in view of Vardo lying to the west of Archangel that the effect
of different ice extremes off Iceland on Vardo's temperature occurs
earlier there than at Archangel and for that reason the relation of the
Vardo temperature with the ice may not have been as clear in the decadal
comparison.

decade. This apparently moans that the effects of ice and cold water

persist for a considerable period locally. Thus, lower than average

temperatures usually follow decades with heavy ice and higher tempera-

tures, decades with light ice. In addition, these are strengthened at

Archangel by cold water carried southeastmard from Iceland and mixed with

the northoastward flowing warm North Atlantic water. Hence, at Stykkis-

holm the extreme deviations occur during periods of extrmo ice conditions

(Table III), but at Archangel, the extrme deviations occur in the decade

following one of extreme ice conditions.

5. No consistent relationship was indicated between the ice off
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Iceland and the tomporaturo of Icoland, lirchangel, Vardo, etc. during the

preceding decade.

6. The reversal in trend from practically no ice at all during the

period from 1919 to 1940 toward normal ionditions for the period 1941-8

suggests that the trend toward couparativoly high temperatures in the

general areas of Iceland, Vardo and Archangel may not ccntinue much longer.

The change at ;,rchangel would, however, occur later than at Stykkisholm.
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L. iPPENDIX

1. Ingluence of 2Ct Dovo1oL.iont on the Tem=oratu -o

In connection with the incroaso of the temporaturo in recent docades

at stations considered hero, the question arises as to what extent the

rise at stations in cities has been due to the growth of tho city itself,

1, recunt comparison (Liljequist, 1943) of the moan Deceber-March tempera-

ture in Stockholm and with a station "2.5 km. north of the observatory of

Stockholm and about 1.5 kn. outside Stockholm proper" for the poriod 1882-

1940 shovis that the observatory values have always been slightly highor,

but there has been no consistent inerease in the temperature difference

between the two locations. Similarly a comparison of the annual tempera-

tures in Copenhagen with those of a neighboring village for the period

1861-1935, indicates that the effect of upbuilding is only about 0.150C

(Lysgaard, 1937). Essentially the same conclusions have been dran for

other areas, such as the United States (Kincor, 1933, 1946), and the East

Indies (de Boor and Euwu, 1949). From those reports we may safely conclude

that by far the major portion of the marked rise in temperatures in recent

decades at Oslo, Leningrad, Moscow, etc. was due to the same causes that

produced the rise at Stykkisholm where the question of city upbuilding does

not arise,

2. Temperature Data

Tn data were taken for the most part from World Weather Records by

H. H. Clayton (Editor) (1927, 1934, 1947) and the Handbuch dor Klimatologie

by W. Koppen and R. Goiger (1939). The use hero of temperature obsorva-

tions over the long period 1831 to 1940 or later, made it desirable to

examine the data carefully to make sure that the data were comparable.

In r =ny cases the site of the stations had changed. Accordingly certain

corrections have been necessary for some of the published series.
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Ar hangel

The mean annual values for 1831-1930 except for the years 1832, 1833

and 1921, are available in the Koppen-Gaiger (1939) H:ndbuch d. Klimatologie

(Section N2 ) tabulated as deviations from the mean 0.2 0 C. The values for

1881-1915 were 0.10 C too high and those for 1922-1930, 0.2°C to correct

them to the 24-hr. mean.

The data for 1921 was found in Reseau Mbndial and an approximate

value for 1833 was derived from the figures for the 10-month period March-

December and the long-term average for January and February. The new mean

derived from the 109-year series, 1831-1940 (less 1832) is 04l0 C. The

mean annual value for 1949 vas derived frm figures in Die Mitteleurop

Grosawtterl. Peutach. Wetterdienat, U. S. Zone, Bad Kiasingent

Loningrad

The values given as deviations from a mean of 3.9°C for 1831 to 1920

were taken from the Koppen-Geiger (1939) Handbuch d. Klkmatologie and

those for 1921-1940 from World Weather Records (Clayton, Ed., 1927, 1934,

1937). The annual values for 1921-1930 were reduced by 0.1 to correct

them to 24-hr. means. The 1831-1940 mean is 4.010 C.

Moscow

Thu temperature values given as deviations from a mean of 3.50C at

the Konstantin Institute (55°36, N, 37040'E), for 1831 to 1930 (except 1859)

were taken from the Koppen-Geiger (1939) Handbuch. The values for 1916-

1930 represent temperatures from another station, the Agricultural

Institute (55 0 50'N, 37033'E), where the mean annual temperature was found

to be 0.70C lower. Thus, the values from 1916 to 1930 had to be increased

by 0.70C. However, since those for 1921-1930 were not corrected to 24-hr.

mezans, oly 0.6 0 C *as added to the values for that period. Furthermore,



tho I.Aarch 1930 tomperature was incorrectly given as - 12 ,o irrtead of
0

1.2 (in both the Handbuch and the World Weather Records), the net rise

for that year was actually only + 1.5 0 C.

Finally, the values for 1931-1940 (World Weather Records, Volume III)

had to be increased by 0.70C to make them comparable with the corrected

series for 1831-1930. The new mean derived from the 109-year series (1831-

1940, omitting 1859) is 4.22 C.

Stykkisholm

Mean annual temperatures for the period, 1846-1930, were taken from

World Weather Records (Clayton, Ed., 1927, 1934, 1937) and for subsequent

years were obtained through correspondence. The values are based on

observations made at 2 p.m. except for the period January 1869 to May 1873

when the observation was taken at noon. The latter have been adjusted to

conform with the 2 p.m. reading by adding 0.40C, one exception (1873).

For the five months of that year only 0.2°C was added. The mean based on

the 95-year period, 1846-1940 is 4.150C.

Bergen and Oslo

The mean annual temperatures up to 1940 were taken from World Weather

Records (Clayton, Ed., 1927, 1934, 1937) and for subsequent years, from

oficial publications and by correspondence. The Oslo station was moved

to a new site (Blindern) in May 1937, and the records taken there have

been reduced to make them comparable with the series from the old site by

adding O.9°C to the annual figure. The Bergen and Oslo means for the

period l 3 g194O are 7.220 C and 5.720 C, respectively.

Vardo

The data for the period from 1867 to 1933 are from Table II (p. 33),
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those from 1840 to 1866 from Tables Ia and Ib (p. 3") of Birkoland's

(1934) paper, and those after 1933 from official publications and from

personal correspondence. The figures for the period from 1867 to 1875 in

Table Ib (Skancke's series) do not differ in a uniform way from those for

the same period in Table II. Thus, some of the values for 1856 to 1866

as well as those for some of the earlier years mwt be regarded as approxi-

mations only. The moan value for the 100-year period 1841-1940 is 0.930C.

Stockholm

The data given as deviations from the rean 5.70C until 1925 were taken

from the Koppon-Geiger (1939) Hanctuch der llimatologie and after that from

official publications and by personal correspondence. The 1831-1940 mean

is 5,78°C6

Copenhagen

The information up to 1940 is from World Weather Records (Clayton,

Ed., 1927, 1934, 1937) and for subsequent years by correspondence. The

1831-1940 moan is ?i66OC6

Edinburgh

The mean annual values from 1831 to 1863 are taken from a paper by

Brunt (1925), from 1864 to 1940, from World Weather Records (Clayton, Ed.,

1927, 1934, 1937) and from 1941 on, through personal correspondence.

Because of a recent change in the site of the station, 0.60 F as added to

the annual figure to make the values after 1930 comparable with the earlier

series with 1931. The mean value for the 110-year period 1831-1940 JA

47.260F.

New Haven, Connecticut

The data up to 1940 arc taken from World Wather Records (Clayton,

Ed., 1927, 1934, 1937) arW subeoquently through personal correspondence.
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After June 30, 1943, temperatures have been taken at airport station. To

reduce the data taken there to a conparable basis with that of the old

site, 1.9 OF has been added. For 1943, however, to adjust for the first

six months, at the old site only l.O°F was added. The mean value for the

110-year period of 1831-1940 is 49.370 F. The value for the year 1897 was

erroneously given as 48.7 0F irstead of 49.50P.
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