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PRl

he IBSTRACT

The character of the ice off Iceland by decads wes- eompared with
the contempoerary, 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 anomaly at Stykkisholm and 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, poa?.tive. Purther, the
temperature anomaly is greater at /rchangel but is smaller at Iceland in
the decade subsequent than in the decade csontemporary with extreme icec,

It is suggested that the tendency for the temperature anomaly at
Stykiisholm and Archangel to retain its character in the decade subsequent
to a decade with extreme ice conditions is due to persistence and that
the intensification at irchangel of the effects of severe and light ice,
respectively, off Iceland is due to a diluting of the North itlantic warm
water headed towards the Barents Sca, etc. by the East Icelandic Polar
Cwrrent,

No consistent relation between thu ice and the precedir)g t emperatures

for any of the areas was found.



B. FPREFACE

Evidence from numerous investigations in the past two decades, or
perhaps longer, points decisiwvely to a marked rise in the temperature
over wide areas and to a smaller but no less significant rise in the
temperaturs of the northern North Atlantic ccean, Little, if anything,
has been said about the possible causes of this rise and whether the
relatively high temperatures may comtinue and for how long,

While a fully successful attack on this problem may not be possible
until suwh time as we possess more adequate data, we can attempt to
formulate the broad character of the problem for the North Atlantic and
adjacent regioms, for which a considerabls body of data has recently been
published, and to obtain indications of certain trends in the air snd
water oireulation that could be checked with more corprehensive data as
they become available,

The comparatively long-air temperature series from the northern North
Atlantic and "adjacent" areas camnot, 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 1in;1ta 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 northerh North Atlantic and, accordingly,
w1l form the subject of the prebent investigation,



C. INTRODUCTION

The marked variations fram year to year in the limite of the Arctic
ice mass, which in same years may amount to several hundred thousand square
kilometers, as well as in the southward transport of polar vntersy are

PR .

Y No data are available for the variations in the southward transport
of polar water, which, according to Zubov's (1945) estimates for the

East Greenland Polar Currents between Spitzbergen and (reenland (at 81°N),
amounts to 80,000 km3, It may be assumed from the fact that there was
1ittle or no ice off Iceland fram 1919 to 1940 that the volume of polar
water reaching Iceland during that period was very much less than in the
period from 1865 to 1874, when Iceland was almost completely swurrounded
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, especlally 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 reS\JJ.t; 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 weter masses and the greater heat capacity of water
as campared with the air, The oceans, therefore, may be expected to
affect the air masges above them following prolonged periods of severe
or 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,



D. EARLIER INVESTIG..TIONS

Wiese (1924) Brooks and Quonnell (1928), Scherhag (1937) and othors,
roeport a possible imtorrclation botwoon the icc in the Arctic and certain
foatures of the weather in that and adjacent arcas, For cxample, thoy
suggest that when ico and cold /rectic water oxtond farther south than
normal, tho boundary of the polar and warm North itlantic water is likewiso
displaccd southward, /s a result, the North /tlantic storm tracks, which
are closcly associatcd with this boundary, also takc a more southerly
course, The precipitation in arcas affectcd by these storms changes as
well, The various stops in the rclationships outlined above arc not well
dofined, partly dw to a lack of data and partly due to the comploxity of
the problems involved, However, a carrclation betweon the southerly
limits of ico in the Greonland Sca between 4pril and July and precipitation
over northwestorn Europe betwecen October and December is cvident on study-
ing records over a period of ncarly 60 ycars (Schell, 1947).

In Foneral, investigations notcd above werc based on ice and weather
data boginning in thc 1880's or lator; with the exception of that of
Meinardus (1906), who uscd ice obsorvations from Iccland dating from the
carly 1800's and on tho temperature and precipitation data for Europe
previously published by Bruckner (1890). L4 long sorics of amnual csti-
mates of ice off Iccland recently compiled by Lauge Koch (1945) adds ncarly
forty ycars to the records previously compiled by Mcinardus, These to-
gether with the long sories of metcorological data now available permits
a reexamination of the possiblc rclationships between the long-period ice
trends off Icsland and the motcorological conditions in that and adjacent

arcas.,



E. ETHODS

The present study is limited to an cxamination of a comparativoly
long sorics of annual temporaturc obscrvations fram Iecland, northern
Europoe and the northcastern Unitcd Statos and the i¢o off Ieccland., The
data have boen averaged by docades, becausc the smoothing of valucs for
longer timo intervals tonds to give rosults showing broad eorrclations
botwoen air tomperaturcs and icc rathor than roflecting the fluctuations
which appear in averaging obsorvations over shortoer pcriods of say a
scason, a month, or a weck, Obviously, sauw poriods of shorter duration
of severc ice will bc combincd with somc of light ice and, honce, cortain
rclationships may be obscured, Broad trends, however, may be detccted,

Tho usc of anhuel mean tomperaturcs rathor than temperatures for the
icc scason alonc may be criticized. Nevertholoss thare is considerable
justification far this procodurc, whon one considers the persistence of
given water conditions for longer periods than indicated by the presence
of icos Thus, although the ice scason off Iccland lasts only for a period
of several months (i.c., from latc wintoer or carly spring to late spring
or carly summcr), thc flow of cold polar watcr which likewisc affects air
tomperatures, does not ncecssarily commence with the appearanec of the ice
or cease with its disappecarancc,  Henec, in the abscnec of morc informa-
tion on the fluctuations in volumc of the various watcr massos, it is
actually impossible to detocrmine the precisc cffeet of the ice conditions

alonc,
Fe. DaTi

Because significant tempcrature data (scc below) for one of the more
important arcas is not avallable prior to 1831, the prescnt study is based

on data accumulated sinec that time, Thus, data for cleoven decades

-l -



(1831-1940) and onc incompletc onc (1941-48/9) arc considored here,
1, Ice

The oldest record of /rctic ico is from Icoland, It is generally
agrocd that thesc obsorvations were carcfully made and that thoy give a
fairly accuratc idca of actual icc conditions becausc of its importance
in tho lives of the inhabitants of Iccland and southwost Greenland, The
scverity of the ico scason off Iccland is usually recorded as tho nunber
of days or wecks thc icc was obscrvod off the eoast and by its rclative
abundancc, This has bcen tabulatod, as alroady mentioned, by Mcinardus
(1906) and morc recently by Koch (1945) fram obscrvations of Thoroddscn
(1884) and from rccords in the "Isforholdene i de /rktiske Have," publishcd
by the Danish Mctoorological Institutc, Koch (1945) also included the
extont of the ice surrounding the island, In goneral, the longer the ico
is obsorved off Kap Horn on the northwest coast, the heavier it is and
the farthor it sproads eastward along the north coast, thence southward
along the east coast and westward along the south coast,

For discussion of the causes of the icec situation off Iceland, the
reader is referred to the literatuwrc, It should bc noted, however, that
prolonged periods of severe ice conditions off Iceland, such as those
considered here, can, it is believed, occur only whon the iArctic ice pack
is well developed and a large quantity of icc 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 poriod of years show the number of weeks with ice multiplied by the
number of areas where the lice was obscrvaed along the Icelandic shores,
The mean annual values are given for each decade fram 1831 in Table II.

» camparison of the latter with those of Meinardus (1906) up to 1900 are

-5
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Table II. Estimated Mean Annual Ice Severity Off Iceland
by Decade Shown 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™ Type
1631 - 40 | 56,7  Severe
- 50 0.9 Light
- 60 353 lioderate
- 70 597 | Severe
- 80 26,5 iioderate
- 90 &9k Severe
- 00 30,9 .ioderate
1901 - 10 17.1 .loderate
- 20 20.7 lioderate
- 30 1.2 Light
- 40 1.8 Lizht
Average 29,1

% See Téble I



remarkably ulike except for thosc of the first docade (1821-1840). iccord-
ig to Meinardus this period was one of moderzte ice, but according to
Koch's analysis of Thoroddsen's data, it was a severe onc. The latter, I
believe, is more accurate becausc he included the extent of the ice sur-
rounding the island, Accordingly, in this report, that docade (1831-
1840) is considered to have been one of severe ice,

Fortunately, thc series just described contain three decades (1841~
1850, 1921-1930, 193L—19h0), which é.re characterized by little or no ice
and three others (1831-1840, 1861-18\u, 1881-1890) in which severe ice
oonditions (Table II) prevailed. In addition to these there is also a
decade with light ice (1841-1850) followlng one of severe ice and two
successive decades with light ice conditions (1921-1930, 1931-1940), Thus,
the data afford a wide range of iec conditions for analysis,

2. Temperature

inmal temperature records for various localities in the Arctic or
sub-/rctic are available as far back as 1846 in Iceland (Stykkisholm), as
1840 in Norway (Vardo) and as 1831 for Archangel, Uninterrupted

g Following the campletion 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 eonditions will be mainly dealt with hero, “he
earlier temperatures have not becn incorporated in this report,

temperaturce scrics fram other stations in northern Europe (north of 55°N)

go back even further (i.e., Stockholm, to 1757; Edinburgh, to 1764;
Copcnhagen, to 1798; Leningrad, to 1806). In North imerica, on the other
hand, New Haven, Connecticut (41°18'N) is the most northern station with

a record extending as far back as178@, The mean annual temperatures for
cach decade at Iceland (Stykkisholn), Vardoé/ , irchangel, etc, are tabulated

-8 -



Y Because there appears to be same cdcubt 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 Study

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 Vhite Sea; suggests that the tem~
perature there is perhaps correlated ﬁth ice conditions in the Barents
Sea. Unfortunately, ice data for the Barcnts Sca are not available prior
to 1895, We may assume, however, that the mecan decadal character of the
ice off Jceland (Tablc II) is indicative in general of ice conditions for

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

&/ Beginning with 1895 the general ice pattern in the Barents Sea was
generally severc until 1918, From then on to 1939 (last consccutive year
available), it was light, or much the same as ige conditions off Iceland
for the same periods, During the soverc ice period (1895-1918) the mean
annual temperature at Archangel and Stykkisholm werc, respectively 0,15°%C
and 4,02°C, as compared with 1.53°C and 4.92°C respectively during the
light iee periocd (1919-1939) which would corroborate the interdependence
of the two arcas for longer period variations in ice,

similar in the two areas. Thus, the ice retrcated northward in the 20's
and 30's from both Iceland and the Barents Sea (as well as from the inter-
vening area), Henee, camparison of the Archangel temperature with ice con-
ditions off Icecland appears permissible,
At Vardo on the north coast of Norway, one might expect to find a
-9 -



lable 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 .
(eee Table 2) °¢ o¢ °c
4 A A
183140 Severe - -.A47° -
-50 Light 43" .35 (-.20)
-66 Moderate -22 .18 (-.16)
=10 Severe -:58 -.36 (-.42)
-80 Moderate =13 -.71 =25
-90 Severe -53 - -.17
-1900 Moderate -.12 -.68 -.29
-10 lioderate -2 .01 -.03
-20 Moriorate -.20 -.11 .00
-30 Light .65 .65 S5
-4 Light 1.09 1.4 97
* 1846-50. ( ) ipproximate value. © 1832 lacking.



relation between the temperature there and ice off Icoland similar to that
at Archangel. On the other hand, although it is farther north then 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 samewhat 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 Stykklsholm, Archangel and to a lesser
extent at Vardo, is part of a more extensive system involving the circu-
lation of the North /tlantic as a whole, the areas which border it, and
possibly other regions as well (Wiese, 1924; Schell, 1940), Thus, the
drift of ice fram the irctic, 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 itlantic water, 'This, in
turn, is dependent on the strength of the trade winds,

Unfartunately, there are no long series of data from the ocean areas
in question, Therefore, in order to show a relation between iee in the
North itlantie - irctic and the circulation of that general area, it is
necessary to use the camparatively long temperature records for areas
bordering on the North itlantic (i.e., northern Europe and the northeastern
part of the United States). The tomperatures 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 thesc localities, it would support earlier, more limited ovi-
dence that variations in the ice of the North .itlantic and /retie are
related to changes in the circulation over very large areas rather than

over local ones,



G. ICE CONDITIONS .ND TEMPERATURES, 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 a.ir.tempera-
tures in the analysis of data (Tables III and IV) for the several locali-

ties under consideration here,

1., Stykkisholm

(2) Comparison with ice conditions in the same period. -- For each
of three decades with light ice (18141-1850, 1921-1930, l93l-l9h0), the

mean annual temporature at Stykkisholm for the same period was above

o/

average (0.43°%, 0.65%, 1.09°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 (Meinardus, 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 occwrring for the decade 1931-1940 (Table III), On the con-
trary, for two decades with severe ice (1861-1870, 1881-1890), negative
temperature deviations (- 0.58%, - 0.53°C) prevailed at Stykkisholn,
These are likewise the lowest on record.

(b) Comparisgn with ice conditions of thc previous decads. -~ The
decades (1871-1880, 1891-1900) with temperature deviations (- 0.13°C,

- 0.12°C) somewhat below average, follow decades (1861-70, 1881-90) with
severe ice but a third (1841-1850) had a temperature deviation (0.43°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 probablc that it was markedly less
than for other decades with light ice (1921-30, 1931-40) which followed

periods of moderate or light ice (Table III). Thus, the latter (1931-1940),
- 12 -~
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following a decads with light ice conditions, had the largest positive
temperaturc deviation (1.09°C). The decade (1851-1860), on the other

hand, which also followed one with light icz, had a small negative tem~
perature deviation (- 0.,22°C). This on closcr examination appears to

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

the first oight years (1851-1858) the mcan temperature deviation is slightly
positive (0..1°C).

(¢) Comparison with ice conditions in a subsequent decade, -- Two
decades (1861-70, 1881-90) with extreme ncgative deviations in tempera-

ture at Stykkisholm were each followed by modorate, not severe, ice con-
ditions off Iceland (Teble 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; l9ul-50é/ ) and

& According to preliminary reports, 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 sae 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 icc, Similarly, in a decade following one

with light ice, the temperature is above avcrage.y

2/ The character of the ice during 1941-1950 is available for the first
eight years, only in terms, "close to normal," "sbove" 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 betwoen the air tem-

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

-1 -



was found, because as montioned above, the ice off Icoland is chiofly
carricd cown from the north and is not of local oriuin,
2, /jochanicl

(a) Comparison with ice conditions in the same period, -~ The tem-
perature devistions for /rchangel are positive (0.35°%C, o.65°c, and 1,41%)
for three decades (1841-50, 1921~30, 1931-40) with light ice. The highest
temperature ocourred in the third which followed o decade with light ice
(Table IXI), &8 at Stykkisholm, on the other hand, the temperature at
irchangel for the two decades (1861-70, 1881~90) with severe icc as well
as for the first decade (1831-40) was below average, deviations being
- 0.47%, - 0.36% and - 0.30°C, respectively. These doviations are, how-
ever, smaller than those at Styldcisholm, This is the more significant
becauwse the standard deviation, g7 of the mean annual temperaturc at
irchangel, ¢ 1,22% (1831-1940) is apprecisbly greater than at Stykkisholnm,
> 0.94°C (1846-1940)4

(b) Camparison with ice conditjons of the previous decade, -~ Two
decades (1871-80, 1891-1900) following decades (1861-70, 1881~90) of sovere
ice off Iceland, had temperatures (- 0.71° and - 0,68°C) below average
but a third (1841-50) which was free of ice, following one (1831-40) of
severc ice had a small positive deviation (0.35°C). The positive tem-
perature deviation for this decade, however, is much less than those for
two other decades with light ice (Table III)., Hence, one nay assume that
had this period (1841-1850) not been almost entirely free of ice, the
tenperature 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 (0,18°C), but another (1931-19LO)§/

-7 For a discussion of temperatures following the decade 1931-1940,
8€0 D. 35.
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had a greater one (1.41%) s the lergest such value recorded (Table I1II),
This in part was probably due to the absence of ice during the period 1931~
40,

(c) Comparison with ice conditions in a subsequent docade, — 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, Likcwise, no consistent relation
can be traced between decades with rolatively high temperatures at
irchangel and ice in subsequent periods off Iceland, Thus, two decades
(184150, 1931-1;0)% were followed by moderate ice, and a third (1921-30)

9/ hcecording to preliminary reports (pp. 33-34).

by light ice.

In short, ice conditions off Iceland are related to temperatures at
Archangel for the sane period or in the next decade in about the same way
as at Stykkisholm, but there is no apparent relationship betweon ten~
peratures there and ice conditions off Iceland in the next decade,

3. Vardo

(a) Comparison with ice conditions in the same period, -- The Vardo

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

- 0.42°C and - 0.17°C, respectively., Similarly, for three docadcs with
light ice (1841-50, 1921-30, 1931-40), the deviations wero - 0,20°C,
0.53°C, 0.9700, respoctively (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 menely approximations it
appears that the Vardo valuss ars relatively comsisternt with the ico for

the general arca off Iceland and presumably the Barents Sca,

(b) Comparison with ice conditions of the previous decade, -- Omitting
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the early Vardo observations, the temperature deviations for tho decades
(1871-80 and 1891-1900) are both negative (- 0.25°C and - 0.29°C, respec
tively). Both periods followed docades of severe ice. On the contrary;
the deviation in the decade (l931-h0)-]=9/ which followed a light-ico decade;

1/ For the positive temperature deviation following the light-ice
decade (l931—1+0) SeC Do 350

was positive (0.93%C). Thc large deviation in all probability was due
to light ice conditions during that period,

(¢) Comparison with ice conditions in a subsequent decadg. -- 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 (l9bl-50).y

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

From the above it appears that tho tempcratures at Vardo as at
Archangel show no consistent relationships to the ice conditions off Iceland
the subscquent decade, as was to be expected.

L. Northern Europe (exclusive of Archangel and Vardo) and Northcastern
United States (New Haven, Connceticut)

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

ades of severc ice were accampanied by ncgative temperature deviations in
northern Europe; but only the first two (1831-40, 1861-70) had values
markedly below the average (- 0,41°C and - 0.{.;200, respectively) (Table IV),
In contrast, two of the three decades (1921-30, 1931-40) of light ice had
tamperatures above average., For the latter the positive deviation was

very marked (0,98°C),
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Lt New Haven, Connocticut, the temperature deviations (Tablo IV) werc
appreciably below the average (- 0.83°C, - 0,33, - 0.,41°C, respectively)
during each of three decades with severe ice and markedly above the
average (0:59°C, 1,18°C) during two light-ice decades (1921-30, 1931-40)
but not during a third (1841-50) (- 0.0%°C).

(b) Comparison 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 (- O.25°C, - 0.35°C) but it was
samewhat positive (0,05°C) during a docade (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 (- 0412°C) but
anothor (1921-30) was followed by one with a positive temperature devia-
tion (0.98°C)s

1—2/ For the positive temperature deviations following the light-ice
decade (1931-40) see p. 35,

Likewise, no consistent rclation appears between the temperature of
New Haven and the ice of tho period preceding it, Thus, for the decades
(18/1-50, 1891-1900) which followed decaces of severc ice, the tempcra-
ture carrelations (Table IV) were ncgative (~ 0,04 and - 0,06%,
respectively), but for a third (1871-80), it was positive (0,35°C).
Similarly, one decade (1841-50) of light icc was followed by a negative
deviation (- 0,48°C) at New Haven, but a second (1921-30) by a positive
deviation (0,86°C).

(c¢) Comparison with ice conditions in a subsequent dccade, -- For
northern Europe, a cold decade (1831-40) was followod by light ice off
Iceland, a second (1861-70) by nmoderate ice therc and a third scmewhat
less cold decade (1871-80) by severe ice (Table IV), Similarly, at New
Haven, Connocticut, 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 somewhat
loss cold by moderate ice. Again, the warrest decade (1931-40) of all
both in northern Europe and at New Haven, is apparently followod by one
with moderate ice (pp. 33-34).

From the camparisons presented above, it appears that temperatures
along the northwestern and northeastern borders of the North itlantic are
to some extent related to variations in the ice conditions occwrring at
the same time off Iceland, One might also expect an ice~temperature
correlation between a given tomperature trend and ice conditions at sane
subsequent tixne; becauwse of the time which must clapsc before changes in
the circulation of tho 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 northeastorn
United States appears to have no consistent relationship with the ice of
the next., This was actually to bte anticipated becausc the tamperaturc
variations of these land masses are markedly determincd by the air masses
over these continents, especially in winter with tho developnent of the
Siberian and North imerican Highs, rather than by the waters off their
shores,

The absence of a consistent relation for northern Europo; other than
at Archangel and Vardo, 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, 192,), the pressure dis-
tribution over northwestern Europc (Brooks and Quennell, 1928), and pre-
cipitation over the same area (Schell, 1947) in subsequent months all

appear to vary with severo-and light-ice conditions.
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H. PHOBAB'E CIRCULATION PATTERNS ASSOCIATED WITH RROLONGED PERIODS OF
SEVERE AND LIGHT ICE OFF ICELAND /ND THEIR ORIGIN

From the fact that 1lO-yearly means of lce extremcs off Iceland appear
to be related to the mean temperature of the corresponding decades in
Iceland, Archangel, Vardo and to some extent in northern Europe and the
northcastern United States (i.c., New Hoven, Connecticut), it appears that
the circulation of the North Aitlantic and to some extenmt also that of the
adjacent areas of Burope and North America is associatec ith variations
in the ice of the North Atlantic - Aretic,

With severe ice conditions off Iceland and a greater flow of water
from the Arctic Ocean, mare cold wataer can be expected to flow out with
the East Iceland Current to mingle with the warm North Atlantic water
noving northcastward as the Narwegian Current to the Barents Sea and northe
warcd to Spitzbergen (Fig. 1~ ). Coincident with a decrease in the flow

13
"'/ Information obtained since the publication of Nansen's paper, con-
firms the basic picture dramn by him (Kiilerich, 1945).

e

of warm water into the Arctic, less warnm air would be transported northe
eastward. Converscly, with little ice off Iceland and presumably a
woaker outflow of polar water fraou the north, the northward flow of warn
North Atlantic water will have less cold water mixed with it and more
warn air would move into the irctic. With soverc ice conditions in the

w

North itlantic - Arctic, farther sowth, either a southward displacement

14/
= The word "displacement" seoms to the writer a bettor term for

LoDanois! ™ransgression" in describing the horizontal swayings of the
large mass of warm North /tlantic water,

of the warm North itlantic wator mass (LeDanois, 1934) or a contraction
of the warm North Atlantic cell, presumably due to the strengthening of

the trade wind circulation (Iselin, 1940), results in a southward
- 20 »
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displacement of the Arotic convergence zone and in a reduced flow of wurm
water northeastward into the Arctic,

The extent of the lce, 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

15/ 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 (Meinardus, 1906; ist,
1941), However, Defant (1924) obtained negative correlation coefficients
between the ice off Iceland and the mean anmual pressure falls between
30°N and 65°N over the North Atlantic and northern Europe to the Northern
Atlantic along approximately 70°N. 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
?;m%:)-esults ware obtained for the Barents and Greenland Seas by Wioese
924).

One possible reason for the fact that an abundance of ice off Iceland
to be associated with a decreased rather than an inoreased circu-

lation is that severe ice can only ocour 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 dia?c_:oment
of the Icelandic Low (Eriksson, 1943). Thus, that region is uenced by
more southerly winds. This shift wuld tend to drive the ice away that is
carried to Iceland by the off-shoots of the East Greenland Polar Current
or directly from the Greenland sea itself,

Meinardus' (1906) conclusion that sevore ice off Iceland over long
periods of time is associated with an incrcased circulation is based on
a comparison of the smoothed five-year neans of the mean annual Copenhagen
to Stykkisholn presswure fall and the moan fiftesen-year ice values off
Iceland centered about the middle five-year period corresponding to the
current five-year period, Howevor, his results are in part due to a
fartuitous combination of data, Thus, the largest positive deviation
(0,96 m,) in the Copenhagen-Stykiisholn pressure fall (i.e., increased
circulation) for the period of severe ice (centered about 1861-1865), but
the pressure deviation corresponding to an equally severec ice period
(centered about 18R6-1890) is only 0,04 rm, In addition, the deviation
for a very mild ice period (centered about 1846~1850), which would be
axpected to show a narked negative deviation, was actually shown by him
to te alightly positive (0,07 mn,),
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Not only the ice off Iceland but also that of the Arctic as & whole
shows an increase in the circulation correlated with a decrease rather
than an increase in the ice, Thus, the increase in ciroculation in recent
decades in the northern North Atlantic, the northern North Pacific and the
Aretic Ocean was accompanied by & marked shrinkage of the Arectic pack both
in area and thickmness. The first rosult of an increased circulation is
for more ice and polar water to be carried out of the Arctic., With a econ=
tinuation of this flow more warn 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 (incrtia) of the ice and the oceanic circulation, partly because
some critieal limit must be attained beforc an obvious reversal in trend
can ococur, and partly because of the interaction of the atmospheric circu~
lation of the North Atlantic with that of other arcas., Some time must
elapse, therefore, before an increased transport of warn air, for exanple,
can effect a decrease in the southward extension of the ice,

As suggested earlier (Schell, 1940) » & given set of ice conditions
with its corresponding circulation and temperature gradient, when fully
established, tends to procote conditions that work against the initial
state. If undisturbed, t..hese will eventually lead to the opposite state.
Thus, an increase in the northward transport of warn water and air and a
poleward retreat of the ice 15 caused by a steeper south-narth temperature
gradient., In time this process will produce a less steep gradiemt with
decreased circulation, Partly because of the monentum of the circulation
and partly because of conditions elsowhere, the docrease to be expected
by the return of thc normal south-narth gradient may sonctimes be greater
than normal. The transport of warn water and air to the north will then
decrease below normal, and the ice will subsequently advance southward
beyond its narmal limits,

On the other hand, with the rotreat poleward of the icc, 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 warn water and air northward, results in a decreased
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circulation, The apparent contradiction rosulting fron thoso two tend-
encies (Simpson, 1927) can be reconciled, however; if we assune that the
rnore or less simultancous trends toward an increased and decreased circu
lation are not in balanco (Brooks, 1928), Consequently, these swings in
the Narth Atlantic circulation are, as often observed, irregular both in
phsse and amplitude.

Were the circulation self-contained, these irregular swings would soon
die out, However, this is not the case, and means that thoy are in part
determined by non-atmospheric fagtors of a terrestrial or extra~terrestrial
origin., It is reasonable to assume that with the sun as the prinary cause
of the equator-to-pole temperature gradient, changes in its radiation
whether directly or indirectly could cause the irregular shifts in circu-
lation. However, an increase in solar radiation does not necessarily
acoentuate the genersl soythenorth 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 partioular phase in the eircula-
tion of a particular region.‘l:y

.J The schere for thejoireulation fluctuations describod above is in
partial agrcement with Angatrom's (1939) viows that large temperature
differcnces between squator and poles preswiably result from a reduced
circulation, Aceording to hin, however, a change in the temparatuie
iraddemt cannat affect the circulation, as it is determined by changes in
the stratosphers alone, fngstron believes that the atnosphere is stirred
by traveling depressions controlled fram the stratosphere.

This appears improbable bocause the bulk of the air lies within the
first few kilometers of the atmosphore and because the oceans are the
primary source of the atmosphero's nmoisturc as well as stabilizers of the
circulation, by reason of their groat heat storage. It is rcasonable to
suppose that the changes in tho lower layers of the atmosphere though
initially due to changes in the sun are more significant in effectiog the
irregulayr s 8 in circulation than the changes in the stratosphere as
suggested by tran (1939) and others,
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I. EFFECT OF ICE OFF ICELAND ON THE SUBSEQUENT TEMPERATURE AT ARCHANGEL

From the examination of the mean decadal character of the ice and
corresponding temperature deviations, it appcars 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. 1), 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 porsistence 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 onc with
severa ice, both followed by moderate ice, the negative temperature devia=
tion in each (Table V) was (1) greater at irchangel than at Stykkisholm
(= 0.58% v8, - 0.13°%C and ~ 0,68°% vs. ~ 0,12%, respectively) and (2)
greater in the succeeding decade than during the onc (- 0.58°%C vs, - 0.36°%C
and - 0,68% vs, - 0,30°C, respoctively) of the severe icc,

For a decads (1831-40) of severe ice followed by one with light ice
with a positive temperature deviation (presumably in response to the light
ico regime), the positive deviation was smaller at Archangel than at
Stykkisholm (0,35°C vs, 0.43°C). This suggeste that cold water and ice
at Iceland the provious decade may have affected conditions a% Archangel
the succeeding one (1841-50),
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Table v. Differences in Temperature Deviatiocns Between Archangel and
Stykkisholm for Decades Following Severe and Light Ice,
Resyectively, off Iceland: 1831-1948

Decsade
Contemporary Folloﬁing Chsizgter Arcggngel Stykgésholm Difggrenco
Jay P .
1831-40 - Severe -. 47 -
1841-50 Light «35 43 -.08
1861-70 Severe -.36 -.58
1871-80 Moderate -.58 -.13 -.45
1381-90 Severe -.30 -.53
1891-00 Moderate -.68 -,13 -, 568
1841-80 Light .35 .43
1851-80 Moderate .18 -.32 . 4C
1321-30 Light . - .83 .85
1931-4C Light 1.41 1.09 +33
1931=-40 Light 1.41 1.09
1941-9 "Moderate" 3.3% . 1.10
—
1849 only.

-25-



For the decados with light ice one (1851-60) following another with
light ice (1841-50) showed a positive temperatwre deviation at Archangel
as compared with a nogative one at Stykkisholm (0.18°C va. - 0,22°C), The
Archangel temperature, however, was not higher than that for the previous
decach.w The temperature deviation at Archangel for 1931-40, following

1/ The circulation associated with the light ice decade (1841-50) was
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 axplain the rather small positive
temperature deviation at irchangel the next decade (1851-60) and negative
deviation at Stykkisholm., (For the first eight years (1851-58) it was
positive, averaging 0,11°C),

a light-ice decads (1921-30) was acmewhat greater than at Stykkisholm even
allowing for Archangel's larger standard deviastion, @, (1.41°%C va, 1.09°%C)
and was also greater than for the previous desade (1.41°% 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
194150, 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 oné of the largest (2,3°C)
on rocord, ,

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 seems accentuated by
the E. Icelandic Current diluting the warm North itlantie water entering
the Barents Sea,

J. ICE /iND TEMPERATURE TRENDS AFTER: 1941-1950

The light ice off Iceland during the last two docades (1921-40) raises
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the question as to whethe. the mean tcmperature during the presst &t one
(1941-50) in the gencral vicinity of Iceland, Vardo and irchang ' . wll
prove to bec above average and also as to whether the positive driitiation
at Archangel will be greater than at Stykkisholm as suggested dwwve,
Actually, since there were two consecutive decades with light i s vo
might expect to find especially large positive temperature deviili-ins at
Stykkisholm for 1941-50 provided the ice trend during this doci# & has not
roversed itself..

Rough estimates of the ice conditions off Iceland for the pmriod
191-48 (U, Si Coast Guard Bull. 1947; Danske Meteorologiske Imitcitut
1941, 1946; author's correspondence) indicatc the following:

I94) = - - e e e - - - - - & = = "closg to normal"
1942 = & =« = = = = = = - m-- "oclow normal!

1943 = = =« = =« &« = = -+ - - - "somoewhat above noryl"'L"
94 = @ « = = = « = w 4 « = « =« = "much above normal"

1945 = = = = = e -« = = "close to normal"
1946 = = o =~ - = = - e m -~ = U¢lose to normal"
947 = = = = e e === == = ~ = = - "somewhat less thanmriomal"
1948 - = = = = = = = - e n .- "close to normal"

or, taking the ecight years together (no data later than 1948 wn C availe
able) the ice off Iccland for 1941-8 may be considered as "cloxtd to normal."
Hence, since the ice was not severc cnough to counteract iitrnd toward
temperatures above normal caused by the prosence of little icehp mthe two
preceding decades, we may assume that the mcan temperature for ji94l-8 was
above average at Stykkisholm, at /Archangel and perhaps also Varhe®s
Observations a2t Stykkisholm indicate that the mean anmual memerature
for the period 1941-8 corresponding to generally normel ice coitfitions
off Iceland, was 1.30°C above average and for the period 1941 L 1.3.500,
compared with 1,09°C in thc preceding decade (1931-40), The mm m anual
temperature at Archangel for the year 1949 was one of the highst & n
record, &t Vardo:-l'—e/ the average temperaturc deviation based n® soven
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l§/ The station was destroyed in August 1944 and did not open again until
June 1945, Comparison with neighboring stations, however, indicated that
the anmmal temperature in 1944 and 1945 was slightly above normal,

years (1941-3, 1946-9) was 0.33°.2/

1o/ The mean 1941-9 annual temperature deviation at Edinburgh, was
0.55°C, at Borgen 0.54%, at Oslo 0.90%C, at Stockholm 0,70°C, at Helsinki
0.64°C, at Copenhagen 0.75°C, and at New haven, Connecticut 1,34,°C (Table VI).

Camparing 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 "closec 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 trond,
therefore, for very little ice may not havc reversed itself, but, at least,
it was temporarily ceased,

If the gencral atmospheric circulation is self-contained (sce pp. 20.
22), any prolonged rise in the temperature in high latitudes will wcaken
the general atmospheric south-north temperature gradient, is a result,
the transport of warm air poleward will soon decrease and conditions
favoring an increasec in the poler 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 coased, that everything clse being constant the trend
toward high temperatures in the general vicinity of Iceland, Vardo and
Archangel is not likely to contimue long in its present intensity. The
change at Archangel, however, would be expected to occur later than at
Stykkisholm,
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K. SUWMARY

1. e have assumcd that due to the interaction botwoen air and the
oceans the trend of ice off Iceland and that general vicinity must be
closely rclated 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 assumod between
ice and the circulation trends for the next decade in the area of the ice
and gencral vicinity.

2, In this investigation, only the air tempcratures of Iceland,
northern Europe, and the northeastern United States (1831-1949) were come
pared with ice conditions off Iceland. . considoration of direct measures
of aip and water circulation to be derived fram ocean cuz'x'ents; 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 rclationships between ice and tcemporature to became more ob-
vious than is possible in comparing "close to normal" conditions, Under
the latter circumstances, fluctuations in the temperature can occur in

either dircctiong-g/ because of the quasi~stable character of the circulation,

2o/ ictually, et Stykkisholm, which unlikc firchangel, appears to be un-
complicated by an accentuation of effects caused by a transport of water
fram the Vest, the temperature deviation also corresponded to the ice
charaeter for the moderate ice docades,

3+ Coamparison of the mean decadal ice extromes with mean temperatures
for the same decades at Stykkisholm, Archangel and Vardo indicate a
definite relationship betwcen the two for the samc period (Table III),
Thus, threc decades with sovere ice off Iccland (1831-40, 1861-70, 1881-90),
worc accampanicd by temperaturcs below average at Archangel., A4t Stykkise

holn and Vardo, where no data are available for a decade with severc 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, 192130,
1931-40) were accampanicd by temperatures above average excopt at Vardo
in the ono decade (1841-50), (sce below), Comparison of the mean decadal
temperature of northern Europe, exclusive of Archangel and Vardo; and of
tho northeastern United States with the ice off Iccland indicates that
the circulation over these areas is to a marked degrec part of the same
process that determincs ice conditions off Iceland (Table IV),

4o Furthermore, the temperaturcs of Iceland, irchangel, and perhaps
also Vardo-"z—l-'/ arc seemingly related to the ice conditions of the previous

a/ From the fact that Vardo lics between Iceland and /rchangel and
appears more exposed to the influence of the warm North Atlantic water
flowing around the North Cape than Archangel, we might have expected
better agreemont between the Vardo temporatures and the ice conditions
of the previous decade than was actually obtained, We have alrecady noted
the possibility that some of the Vardo observations during the carly
period of that station's operation are only zpproximete, It is also
poessible in view of Vardo lying to the wost of irchangel that the effect
of different ice extrecmes off Iceland on Vardo's tomperature occurs
earlier there then at Archangel and for that reason the relation of the
Vardo temperature with tho ice may not have been as clear in the decadal
comparison,

decade, This apparently mcans that the cffcets of ice and cold water
persist for a considerablc period locally, Thus, lowor than average
temperatures usually follow deocades with hcavy ice and highor tempera-
tures, decades with light ice, In addition, theso arc strengthencd at
Asrchangel by cold water carried southeastward from Iceland and mixed with
the nartheastward flowing warm North Atlantic water. Hence, at Stykkis-
holm the cxtreme deviations oceur during periods of extreme ice conditions
(Table III), but at Archangel, the extramc deviations occur in the decade
following one of extreme ice conditions,

5. No consistent rclaticnship was indicabed betwecon the ice off
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Iceland and tho tcmperaturc of Icoland, Archangel, Vardo, ete, during the
preccding decade,

6, The reversal in trend from practically no icc at all during the
poriod from 1919 to 1940 toward normal ~onditions for the period 1941-8
suggests that the trend toward camparatively high temporatures in the
general areas of Iceland, Varde and Archangel may not continue much longer.

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

1. Influonce of City Developrment on tho Tcmporature

In conneetion with tho incrcasc of the tomperature in recent decados
at stations considercd herec, the question a.riseé as to whet oxtent the
risc at stations in citles has becn due to the growbth of the city itself,

4 recont comparison (Liljequist, 1943) of the mean December-March tampora~
ture in Stockholm and with a station "2,5 kn. north of the cbservatory of
Stockholm and about 1,5 km, outside Stockholm propert for the poriod 1882-
1940 shows that the obscrvatory valucs have always been slightly higher,
but there has been no consistent intrease in the tamperature differance
between the two locations, Similerly a comparison of the annual tcnperas
tures in Copenhagen with those of a neighboring village for the period
1861-1935, indicatos that the effect of upbuilding is only about 0.15°
(Lysgaard, 1937). Esscntially the samc conclusions have been drawn for
other areas, such as the United States (Kincer, 1933, 191.6); and the East
Indies (de Bocr and Euwe, 1949), From these roports we may safely conclude
that by far the major portion of the marked rise in temperatures in recent
decades at Oslo, Leningrad, Moscow, otce was due to the same causes that
produced tho rise at Stykkisholm where thc question of city upbuilding does
not arise,

2, Temperature Data

. The data were taken for the most part fram World Weather Reocords by
He He Clayton (Editor) (1927, 1934, 1947) and the Handbuch der Klimatologie
by W, Kgppcn and R, Geiger (1939). The use herc of tomporature obscrva-
tions over the loné period 1831 to 1940 or later, made it dosirablc to
examine the data carefully to make sure that the data were comparable.

In nany cases the sitc of tho stations had changed. iccordingly certain

corroctions have beon nccessary for some of the published series,
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Ar changel

The mean annual values for 1831-1930 except for the years 1832, 1833
and 1921, are available in the Koppen-Geiger (1939) Hzndbuch d. Klimatologie
(Section N,) tabulated as deviations from the mean 0,2%C. The values for
18811915 were 0.1°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 Miondial and an approximate
value for 1833 was derived from the figures for the 1lO-month period larch-
December and the long-term average for January and February., The new mean
derived from the 109-year series, 1831-1940 (less 1832) is 0,41°C. The
mean annual valus for 1949 was derived fram figures in Die Mittelewrop
Grosswetterl, Deutsch, Wetterdienst, U, S. Zone, Bad Kissingen,

I.cnrfngrad
The values given as deviations from a mean of 3.9°C for 1831 to 1920
were taken from the Koppen-Geiger (1939) Hendbuch d. Klimstologie 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 4,01°C,

Moscow

Tae temperature values given as deviations from a mean of 3.5% at
the Konstantin Institute (55°36'N, 37°40'E), for 1831 to 1930 (except 1859)
were taken from the Koppen-Geiger (1939) Handbuch, The values for 1916-
1930 represent temperaturee from another station, the Agricultural
Institute (55°50'N, 37°33'E), where the mean annual temperature was found
to be 0.7°C lower. Thus, the values from 1916 to 1930 had to be increased
by 0.7°C. However, since those for 1921-1930 were not corrected to 24~hr,
moans, ouly Q.6°C was added to the values for that period. Fuzthermore;
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the March 1930 temperature was incorrectly given as - 12 2% instead of
- l.2° (in both the Handbuch and the World Weather Rocords), the net rise
for that year was actually only + 1.5°C.,

Finally, thc values for 1931-1940 (World Weather Records, Volume III)
had to be increasod by 0,7°C to mske them comparable with the corrected
series for 1831-1930, The new mean derived from the 109~year series (1831~
1940, omitting 1859) is 4.22C. '

Stykkisholm

Mean annual temperaiures for the period, 1846-1930, were taken from
World Weather Records (Clayton, Ed., 1927, 1934, 1937) and far subsequent
years werc 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 obscrvation was taken at noon. The latter have been adjusted to
conform with the 2 p.n. reading by adding 0.l+°C, 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 4.15°C,

Bergen and Oslo

The mean amnual temperatures up to 1940 were taken from World Weather
Records (Clayton, Ed., 1927, 1934, 1937) and for subsequent years, from
of ficial publications and by correspondence. The Oslo station was moved
to a new site (Blindern) in May 1937, and the recards taken there have
been reduced to make them camparable with the series from the old site by
adding 0,9°C to the anmual figure, The Bergen and Oslo means for the
period 1831~1940 are 7.22°c and 5.72°C, respectively,

Vardo

The data for the period from 1867 to 1933 are from Table II (p. 33),
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those fram 1840 to 1866 from Tables Ia and Ib (p. 37) of Birkoland's

(1934) papor, and those after 1933 fram officiel publications and from
persanal correspondence, The figures for the period from 1867 to 1875 in
Table Ib (Skancke's series) do not differ in o unifom way from those for
the same period in Teblc II, Thus, same of the values for 1856 to 1866

as well as those for somc of the carlier ycars must be regarded as approxi-

mations only. The mcan value for the 100-year poriod 1841-1940 is 0,93°%C.

Stockholn
The data given as deviations from the mean 5,7°C until 1925 were taken
from the Kgppen-Geiger (1939) Handbuch der Klimatologie and aftor that from
official publications and by personal corrospondoncc, Tho 1831-1940 mean
is 5.78°C.
Copenhagen
The information up to 1940 is from World Weather Records (Clayton,
Ede, 1927, 1934, 1937) and for subsequant years by correspondence. Tho
1831-1940 mean is 7:66°C;
Edinburgh
The mean anmal values from 1831 to 1863 are taken from a paper by
Brunt (1925), from 1864 to 1940, from Viorld Woather Records (Clayton, Ed.;
1927, 1934, 1937) and from 1941 on, through personal correspondence,
Because of a recent change in the site of the station, 0.6%F was added to
the annual figure to make the values after 1930 comparable with the earlier
serics with 1931, The mean valuc for the llO-year period 1831-1940 is
47.26°F,
New Havon, Connecticut
The data up to 1940 arc taken from World Weather Records (Clayton;
Ed., 1927, 1934, 1937) and subscquantly through persanal correspondence..
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ifter June 30, 1943, temperatures have beca taken at airport station. To
roduce the data taken there t» a camparable basis with that of the old
site, 1,9°F has been added, For 1943, however, to adjust for the first
six months, at the old site only 1,0°F was added. The mean value for the
110-year period of 1831-1940 is 49437°F, The value for the yecar 1897 was
erronecusly given as 48,7°F instead of 49.5°F,
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