MERENTUTKIMUSLAITOKSEN JULKAISU
HAVSFORSKNINGSINSTITUTETS SKRIET ° %

A TREATISE ON SEVERE ICE
CONDITIONS IN THE
CENTRAL BALTIC

BY

ERKKI PALOSUO

HELSINKI 1953 HELSINGFORS



MERENTUTKIMUSLAITOKSEN JULKAISU

HAVSFORSKNINGSINSTITUTETS SKRIFT ° 5

A TREATISE ON SEVERE ICE
CONDITIONS IN THE
CENTRAL BALTIC

BY

ERKKI PALOSUO

HELSINKI 1953 HELSINGFORS



Helsinki 1953. Valtioneuvoston kirjapaine



Preface

CONTENTS.

TCo termINOLOZY -« oot it e e e
T Material ... .. ..o

A.
B.

D.
.

Survey of ice observation material prior to the 1920’s ............
Observations by lighthouses on ice conditions during and after the
1920°8 comemsmenns o8 is@imIMemames 58 04 FIFIMEBIs LIEARIBINENIE 83 B 7
Ships’ reports from the 1920’s onwards ..........................
Reports from air reconnaigsance flights ..................... ... ..
The occurence of severe ice winters ......................... ...

II. The severe ice winter of 1942 .. oo e e

A.

HER2EEYoW

The spreading of the ice over the northern Central Baltic, 1941, XII.
23—1942. . 18 ...
Drifting of the ice, 1942, I. 19—31 ............ ... ...,
The time of final freezing of the Central Baltic, 1942. I1.1—7 .. .. ..
Movement of the ice, 1942. II. 8—17 .. ... . . i,
The ice grows thick, 1942, II. 18—22 ..........................
The events of midwinter, 1942, II. 23—II1. 19 .. ................
The culmination of the ice winter, 1942. II1. 20 ..................
The time of wice areas of open water, 1942, III. 21—IV. 4 ... ...
The melting and disappearance of ice on the open sea of the Central
Baltic, 1942, IV, 828 ,uuwinipspss on nv oy psmenesvssas svmes,ops o

TII. Other Severe 1Ce WINLEIS « o oo v et e e e e e et e e e e

A,
B.

The freezing over the Central Baltic in the winter of 1940 ........
Extension of ice over the Central Baltic in the winter of 1947 .. .. ..

IV. A general description of secvere t0e wWiNLers .. .............uiniin .

A.
B.

The cartographical method of Jurva for studies of ice conditions .. ..
General remarks on the material during the winters 1926—1950 and
the regiom studied: « oy vswowsmimenswes s g5 s memes evenEsmams e

C. The reports of ice on January 30, 1942 and the drawing of the ice
SIbuation TS smes ss ssmemsmsmrms®is 08 55 05 FLMEBINIA NI I IHEA

D. The division of the ice situation map into main and sub-groups .. ..
E. Determination of the frequency rates and curves of the ice edges in the
SUPSELONPE: ¢ v vemas an spwmsmsmawy gae v v 0p 0w g w s

F. The completion of the normal stages by using symbols depicting the
robility OF (ce soswswimimimsmenes 5 25 FIEINE LI RIN IS EP I EIMIBIHES

G. Ice thickness measurements ................c...ooivunineonn ...
II. The occurence times of the normal stages and their probability .. ..
I. The normal stages corresponding severe ice conditions in the Central
Baltic .. ...
BRefCUences: i osmenvrmewpmrorsvs g5 0o v B mEmITEFEis 18 87 S MEMEPEVIS B8 TEE 54 LY

11
11

15
18
22
26
33

33
37
43
47
658
60
64
67

73
92
92
96
98
98

100

102
107

108
112

113
115



PREFACE.

The basis of the present investigation was created by the aerial recon-
naissance flights made during the severe winter of 1942 and preliminarily
treated immediately after they were made. Only after the war did'I have
the opportunity of continuing the investigation started. I wish to express
my deep gratitude to Professor Risto Jurva, Ph. D, Director of the Institute
of Marine Research, who has encouragecd me in this investigation; he has
followed its progress from the initial stages and given it continued support.
In this connection I also wish to thank the departmental chiefs of the Insti-
tute, Dr. GuNNAR Granqvist, Ph. D., and Dr. Heigx1 Stmosoxi, Ph. D., for
the assistance and criticism offered during my work. I am also indebted
to Professor Erix Parmixn, Ph.D., Dr. Jumo Hzra, Ph.D., and Dr.
Evcenie Lisirzin, Ph. D., for valuable advice. I have had the oppor-
tunity of discussing the Ice Terminology employed with Dr. TerENcE
AnrmsTrONG, Ph.D., of the Scott Polar Research Institute (Cambridge),
who has checked the manuscript for terminology.

For the results of the ice reconnaissance flights in Finland, particularly
in the severe winter of 1942, I am indebted to the Officer Commanding the
Air Force and all the air crew with whom I served. The other material
obtained from Finland derives from the archives of the Institute of Mari-
ne Research and is based on the observations by lighthouse masters.
As, due to war-time conditions, there have been no regular ships’ reports
I had to collect supplementary information from several cources. My thanks
are due to the Board of Navigation and to all Finnish ship-owners who have
readily placed at my disposal old ship’s logs. In addition, I am very grateful
to the icebreaker captains and the war-time masters of merchant vessels;
they have personally gone through the log entries with me and in so doing
recalled a great deal of important additional information on the then con-
ditions.

For the collection of foreign material the author had the opportunity
of visiting Sweden and Denmark. My respectful thanks are due to Comman-
der Baron StruLax HprmrLiN, the Chief of the Central Office of the
Swedish Government Icebreaking Service. Captain of the Swedish icebreaker
»Ymer» in the winter of 1942, he has supplied me with detailed data on the
events of that winter, illustrating them with sketch maps. I am also very
grateful to Dr. C. J. Ostmaw, Ph. D.,, Mr. Berri. Ropunm, M. Sc., and



meteorologist Oz NoTHBERG of the Swedish Meteorological and Hydro-
logical Institute in Stockholm, whose assistance made it possible for me to
study their valuable observation material. I am indebted to the chief of
the »Istjenestey .of Denmark, Commander R. RosTED, for his great assis-
tance in obtaining material for me and for his co-operation in its preliminary
treatment. My thanks are due to Dr. Franz NussEr, Ph. D., of the »yHyd-
rographisches Instituty in Hamburg and Professor Joacumm BLUTHGEN,
Ph. D., of Erlangen University, who have readily answered my queries.

My wife, Mrs. Maint Pavosvo, M. A., Mrs. Higkka KonTiorAs, M. A.
(Helsinki) and Mr. L. A, KeyworTH, M. A. (Cantab.) have helped with the
translation and checking of the manuscript.

Merenkulun S&4tié (The Shipping Foundation) has granted me financial
support in my work, for which I express my gratitude.

Helsinki, May 7, 1953.
Lrkki Palosuo
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ICE TERMINOLOGY.

1. The present treatise employs the ice terms recommended by the
Commission for Maritime Meteorology (1952). However, the author wishes
to make the following comments:

In the Baltic region ice forms during the winter only; it develops and
decays in the course of the winter. Hence, instead of winter-ice we
can simply say ice. The ice winter 1942 refers to the ice winter
1941/42.

DEVELOPMENT AND DECAY.

The initial freezing in calm and even in windy frosty weather takes the
form of an »oily- or »filmy-like ice on the sea surface (Picture 1, Istjinsten ¢
Finland 1937; ¢f. HeroMAN 1953). The »ice film» is thin, its dimension
expressable in millimetres. This accounts for its great elasticity. Thicker
ice can retain a certain degree of flexibility but as a rule is easily broken
up by wind or swell. Hence the term ice-rind (thickness less than 5 cm)
is too comprehensive to be used for this initial phase of freezing as a sepa-
rate phase.

The term new ice as employed by the author refers to newly devel-
oped ice, one or two mights old. The use of the term young ice
(newly formed ice, thickness 5 cm to 15 cm) is more common in
the Arctic and Antarctic seas than in the Baltic. Hven with persisting
frost it is several days in the Baltic region before a more considerable
thickness is reached (Jomwsox 1943). The best equivalent to the term
yyoung ice» in the Baltic region is perhaps the designation employed in
the early winter: Swedish »blais», Finnish »sinijdés. In English this term,
»blue icen, refers the oldest and hardest from of glacier ice; it is distin-
guished by a slightly bluish or greenish color. In the Baltic area the clear
part of ice is called in Swedish »kdrnis», in Finnish »terédsjass.

FORMS OF FAST ICE.

In the Baltic region the fast ice is level; in its most typical form it
is encountered in the vicinity of the coasts, in the inner and even outer
archipelago regions. Laying off the coasts or between islands it forms the
fast ice fringe (which has a width) typical of the Baltic (Jurva 1937).

2023/52



The fast ice ed g e (which has no width) is the line limiting the extent
of the fast ice, normally on the seaward side.

In calm cold weather level new ice can also develop out in the open sea;
on growing sufficiently thick it is similar to level fast ice in quality. Only
after it is set in motion by wind etc. does the ice on the open sea undergo
various mechanical changes (breaking, pressure) resulting in the sea ice
assuming a form different from the level fast ice of the archipelago.

Later on during the winter after the ice in the zone of the outer archi-
pelago or in the open sea outside the archipelago has frozen over and become
immobile, it also can be taken as fast ice. The author will show later the
existence of an »extended fast ice fringe» of this type.

DRIFT ICE.

Drift ice in the Baltic refers to broken ice, either drifting or sus-
ceptible to drift, which as a rule is level. The te'm pack ice in
English covers »a mass of floating (heavy) pieces of ice» but in Swedish means
»pressured ice» only. Hence to avoid confusion the term »pack ice» has not
been used. :

The designation drift ice becomes properly applicable when the thicknes
of the ice reaches approx. 10 e¢m; thinner broken ice can be called e. g.
drifting new ice.

In the Baltic region drift ice in the open sea is seldom more than 50 cm
thick; apart from in the Bothnian Bay, it occurs in extremely severe win-
ters only. When level drift ice approaching the above thickness is encounter-
ed in the open sea it is in the majority of cases formed from several layers
of thin ice rafted on top of one another. For instance, in the Bothnian Bay
region Jurva has found rafting of 8 layers even. Level drift ice remaining
50 cm or a little thicker does not create the same obstacle to navigation
as the »drift ice» in the Arctic and Antarvctic Oceans; in the Baltic
ice-breakers go through the drift ice field. Hence the »closenessy of the drift
ice here has not the same significance as in the Arctic and Antarctic Oceans.
For the tetmm very open (ice cover, 1/8—2/8), open (3/8—5/8),
close (6/8—7/8) and very close (practically 8/8) are substituted
the more general terms unbroken and scattered. The terms
heavy and easy are used to indicate the degree of difficulty for
navigation.

When the open spaces between floes of drift ice are covered by new ice
an unbroken ice field forms, i.e. frozemn solid. After the ice has grown
sufficiently thick it remains, in certain sea regions at least, such as the
eastern part of the Gulf of Finland, very nearly immobile for a long time.
Insofar as this ice field is not anchored to the islands or shallows and can
move slightly with cracks and lanes resulting it cannot be considered as
part of the fast ice fringe.



Picture 1. »Ice-film.» (Off Hanko in winter of 1929. Institute of Marine
Research photo, Istjinsien i Finland 1937).

If a solid-frozen drift ice field is pressed against the coasts it usually
breaks up. If again a frozen drift ice field moves outward from the coast,
and has not been undler pressure, a lane parallel with the coast
is formed but the field itself remains practically unbroken, If therefore
in such a field the floes are large (over 20 km across) and no wide
lanes are present the author has considered it as still frozen solid until it
is further broken up.

PRESSURED ICE.

After the ice of the open sea starts drifting cracks appear and pres-
sure occurs. The first degree of pressure, with the ice still thin, is the
rafting or piling-up of thin ice (within each band the pieces
have »dovetailed» one into another, Picture 23), in the course of which the
drifting ice field remains level. Elevations in a thicker ice field or floe, usually
snow-covered, caused by two or more bodies of ice being pressed together,
result in pressured ice (often immobile and pressure no longer
being applied). This pressured ice often assumes vicd ge-like formations
with fairly extensive intermediate level arveas (Pictures 12—14), Sometimes,
particularly off the fast ice fringe, successive pressured ice ridges are so
dense that a uniform uneven zone is formed. According to some earlier
measurements the heaped ice masses in the open sea attain a thickness of
some 2—4 m, closer to the coast a thickness of some 4—6m (MaxAROV 1901),

2 2023/53
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2. LIST OF THE ICE TERMS EMPLOYED.

English

belt

(blue ice)
vbridge of fast ice»
broken ice
channel

crack

drift ice

fast ice

fast ice edge
fast ice fringe
fragile ice
heavy ice
hummocked ice
ice cake

vice-filmy, (vice scumw)

ice floe

ice rind

lane

level ice

loose ice

new ice

open water
opening
pancake ice
piling-up of thin ice
pressured ice
pressured ridge
pressure of ice
rafted ice
scattered ice
sludge, slush
strips

Swedish
drivisband
kdrnis
vfastigbryggan
bruten is
rinna

spricka

drivis

fast is
fastisrand
fastisbrim
poros is

svar is, grov is
isupptorning, isrdse
ishit

ishinna

isflak

isskorpa

rik

slat is

16s is
nybildad is
Oppet vatten
oppning
tallriksis

tunn is skjuter
packis
packisvall
ispressning
hopskjuten is
spridd is

sorja

stringar, »rator

Finnish
ajojasivyo
terdsjad
kiintojadsilta
rikkoutunut jia
uoma

halkeama

ajojad

kiintoj&aa
kiintojéén reuna
kiintojadreunus
hauras (kevat-)jis

paksu, vaikeakulkuinen jad

ahtojaaroykkio
jaateli
jadkalvo
jadlautta
jadakuori

railo

tasainen jai
irtojad

uusi jad
avovesi

aukko
lautasjid, »jadkuklas

padllekkiin ajautuminen

ahtojii
ahtojasharjanne
jadnpuristus
kokoon ajautunut jad
hajajas

sohjo
(sohjo-)viiruja



I. MATERIAL,
A. SURVEY OF ICE OBSERVATION MATERIAL PRIOR TO THE 1920’s.

3. Notes on severe ice winters have been preserved from very early
times, but the information on ice conditions of the open sea during such
winters is occasional in character. It is contained in descriptions
of journeys over the ice, e.g. from Denmark by sledge to the Wendish towns
of Liibeck, Wismar etc. In the severe winter of 1323, for instance, the ice
on this stretch is reported to have been strong enough for real inns to be
set up on the ice (SPEERSCHNEIDER 1915). Later on regular trans-ice traffic
was organized at certain points; on the Belts of Denmarlk it was run by
the so-called ice-boats and in 1633 on the Aland Sea by »postrotarne» (i.e.
groups of farms in Eckerd (Finnish) and Vaddo (Swedish) which took turns
in providing mail carriers, FacERLUND 1925), In the Aland Sea, between
Signilskar and Grisslehamn, a system of signals even was organized from 1789
onwards. Originally cannon shots, later visual signals were used to
indicate the possibilities of traffic across the ice. However, no systematic
notes have been preserved on the actual signals.

Navigation, it must be borne in mind, in the era of sailing ships
came to a standstill during the winter. Quite thin ice early in the winter
was enough to impede these vessels, and the drifting floes of the end of win-
ter could also damage them. Thus navigation generally ended before the
first ice appeared in harbours and off the coasts, and it was not resuned
in the spring until the ice had disappeared; hence, there were no ships’
reports from the sea. But for rivers, where efforts were made to maintain
traffic as long as possible, notes on freezing and breaking up of the ice have
been made for a long time (EasTon 1928, JomaNsson 1932).

4. The decisive culmination point in ice observations in the Baltic
was the introduction of steam as the motive power for ships in the 19th
century, and especially the replacing of paddle-wheels by propellers and the
building of the ships’ hulls of steel. Once increasingly strong screws were
fitted ships were able to sail in ice which had been impossible to penetrate
earlier. Thus gradually regular winter traffic was introduced by steamship.
Plans for regular winter traffic had actually been proposed as early as
about 1839, when the then Chief of the Swedish Postal Administration had
suggested that Tfinland acquire a small steamship for conveying the mails
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in the Aland Sea (Ramsay 1947). But it was too early for the plan
to be put in practice. The first mail steamer to ply on year-round traffic
in the area of the northern Central Baltic, the »Polhem», was put into
service in 1858 between Visby and Vistervik.

It was for navigational reasons that increasing attention began
to be devoted to the occurrence of ice in the sea. Orders were given in Russia
in 1838 that the extinguishing and lighting of lights in lighthouses was to
depend on whether or not the entire field of view of the station was ice-
covered. This led to the introduction of notes on ice conditions in connec-
tion with entries on extinguishing the light, e.g. by several lighthouses in
the Gulf of Finland. In Denmark-in 1843 Skagen Lighthouse introduced
a special system of signal flags to give warning to navigators of ice in the
Danish Straits (SPEErRsCENEIDER 1925). This purely practical arrange-
ment may be considered the beginning of ice informations in Denmarlk,
and it resulted in the recording of the sea ice observations.

Ice observations were initiated for scientific reasons also, however,
as & rule in connection with »suitable» climatological and phenological
observations. These observations were systematized in Finland when, in
1846, the ice observations were included in the programme of Suomen
Tiedeseura (Scientific Society of Finland). The records consist mainly of
notes about the time of freezing and disappearance of ice in rivers and in-
land lakes, but observations were also made at certain points along the sea
coast (Ofversigt af Finska Vet.-Soc. Férhandl. 1853). In the other Baltic
countries such as Kstonia, Latvia and Lithuania, systematic observations
e.g. by lighthouses were organized in the 1850’s and 1860’s (LmysT 1887).

b. The severe winter of 1871 in the Baltic and North Sea regions led to
the construction of icebreakers, which was of decisive significance for win-
ter navigation. Because of the difficulties caused by ice in Hamburg,
an icebreaker, the »Hisbrecher I», was designed and built, As several hard
winters occurred in the 1870’s and 1880’s still more icebreakers were built
(ParmiiN, K. B. 1894). The efficient icebreakers »Sampo» (Finnish) and
sJermaky (Russian) were completed in the late 1890’s. Side by side with
the icebreakers it became necessary to build merchant vessels reinforced
for going in the ice not only to enable them to follow the icebrealkers but
also to keep the traffic going on their own in fairly heavy ice, as e.g. in the
Archipelago Sea. By way of summary of the development of winter naviga-
tion it can be said that in the late 1890’s navigation was able to continue
in moderately severe winters in the northern Central Baltic throughout
the winter.

6. With winter navigation developing, increasing attention was paid
to the making of ice observations, although originally it was concerned
with organizing observations made by the permanent coastal observation
stations. In Sweden, for instance, systematic observations by lighthouses
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and pilot stations were organized in 1871 (OsTmMan 1937). In Russia, ice
observations at lighthouses were reorganized in 1888 (SpiNDLER 1893).

In Finland, Sea Captain D.J. SsostranD had put forward a propos-
al in 1887 for the making of ice observations at lighthouses. This proposal
for the first'time included the three main points of ice research in the Baltic:
fast ice, drift ice andpressured ice (JURva 1937). Later on
observations were pl&nned by the Finnish Meteorological Commission. A
special form was printed, with columns for the thickness of ice (separately
for the total thickness of ice, thickness of the clear part of ice,
»blue ice» and the dull part on it — formed of thawed snow — (German
»Schnee Tis») and thickness of snow cover), location of the edge of the fast
ice, occurrence of drift ice and pressured ice, occurrence of lanes and of
open water. Drawing of an ice map was then included. Such observa-
tions were started in 1893 at Hanko Lighthouse. In the winter of 1898
detailed observations were introduced at the lighthouses of Soderskir,
- Harmaja, Porkkala and Jussard, and in the winter of 1900 at those of Rus-
sard, Uto and (Baltic) Bogskdr, The observations of the last-mentioned,
in particular, were concerned with the open sea of the Baltic. At these
stations the data were entered twice a week, on Tuesday and Friday. Ice
situation maps were also drawn on the same days (Karstux 1911). — Other
Finnish lighthouses recorded less detailed observations.

Ice observations in general found a wider working basis after they were
connected with other hydrographic research at the 1898 Con-
gress of Natural Scientists in Stockholm. As a result, ice observations
were entrusted to separate bodies, representing the scientific aspect and the
practical aspect. In TFinland the organization was subordinated to the
Scientific Society of IMinland, but worked in close co-operation with the
then Luotsihallitus (Pilot and Lighthouse Service).

Information on the ice conditions of the open sea was reported also from
vessels engaged in winter navigation. To start with this observation work
was not organized; the data was contained in log entries and issued to the
press. Beginning from the winter of 1899 this part of the ice observation work
in Finland was undertaken by passenger ships (Karsten 1911). On each
trip made during the winter season, they gave a report in the form of maps
illustrating the ice conditions prevailing along the route (Ifigure 2). On
the same maps were entered the observation points at which, according
to an agreed programme, surface water temperature and a salinity sample
were taken. In the first winters, when the ice was slightly above average
in abundance fairly extensive data were recorded, primarily from the area of
the northern Central Baltic, in 1902, for instance, no less than 57 maps
containing ice information were submitted. The subsequent winters were
mostly mild, and little ice was present in the northern Central Baltic.
Maps submitted by ships contained primarily hydrographic observations,
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Figure 2. Ice situation March 11—12, 1902, drawn on the map by
the master of the »Wellamo», Captain ArTHUR LiNDFORS, for the open
sea route Hanko—Stockholm.

Explanations: 1 = pressured ridges, 2 = duift ice, 3 = open water, I,
II, IIT and IV points along the route where hydrographic observations
were made.

and the occasional data on ice were primarily from the vicinity of Hanko.
In 1912 this co-operation began to suffer from the fact that the Hinnish
Pilot and Lighthouse Service was placed directly under the Russian Board
of Admiralty. The outbreak of the First World War with the cessation
of regular navigation in the open sea of the Central Baltic put a complete
stop to ice observations made by passenger boats.

7. However, the outbreak of the First World War did not interrupt
ice research and information, for commercial requirements gave way to
nmilitary. In Finland efforts were made to maintain and even intensify
the ice observations by permanent coastal stations mentioned above. In
1915 the former monthly reports from these observation stations were
replaced by weekly ones, and the ice situation map was to be drawn every
Friday. In addition, all lighthouses and pilot stages received orders to make
these special observations. This reorganization was possible in war condi-
tions as the employees of the Finnish Pilot and Lighthouse Service were
simply ordered to carry out this work (Wirriza: Hawvsf. 1919).

As regards the open sea of the northern Central Baltic, however, the
availability of ice information was reduced; e.g. the personnel of Bogskér
Lighthouse in 1914, for security reasons, were withdrawn, and the enemy
destroyed the lighthouse the same year. On reconstruction after the war
it was replaced by an automatic Aga-lighthouse (Picture 2).
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Picture 2. Bogskir Lighthouse in summer. (Direction ESE. Finnish Board of
Navigation photo.)

Information on conditions in the open sea, it is true, was received during
the war e.g. from naval craft (Hrrsinaius 1918), but ice research was ren-
dered difficult by the fact that all data collected and issued were classified
as secret,

Tmmediately after the war the veil of secrecy was lifted from all ice
information but the little traffic there was at that time found the mine
fields in the Central Baltic an even worse obstruction than ice. Hence ice
observations in the open sea remained very limited. But soon after the
war it began to develop and was quite considerable in scope by the 1920’s.

B. OBSERVATIONS BY LIGHTHOUSES ON ICE CONDITIONS DURING AND
AFTER THE 1920’s.

8. The material available from lighthouses and other permanent coastal
stations covers ice observations and ice reports. The ice
observations included the records and the telegrams in clear kept by light-
houses and pilot stages. The ice reports included telegrams in code.

In Finland the data were recorded on the special form drawn up in 1915
mentioned above. Of great importance for the study of ice conditions in
the northern Central Baltic were the observations of the Russars, Bengtskér,
Uté and Léagskér lighthouses. The observations were continued regularly
until the early 1940’s when, due to the conditions of war, they were at
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least partly discontinued in the winters of 1941 and 1942 at the Russaré
and Bengtskér lighthouses and the Hanko pilot stage and, since the winter
of 1945, at the Porkkala lighthouses.

There was a special weekly form for recording ice data (Figure 3). The
top of the form has columns for the daily entry of information on the loca-
tion of the edge of the fast ice, occurrence of drift ice and its divection of
movement, and the areas of open water. In addition there were columns
in which to enter the ice thicknesses separately for the fast ice and drift ice
and for drift ice frozen solid. The lower part of the form was completed
once a week, on Fridays, with more detailed data on the different types
of iceé: mew ice, drift ice, ice frozen solid and fast ice. In addition,
entries were made regadring the occurrence of open water, data on naviga-
tion etc. Both the mimeographed and printed instructions on making ice
observations (Istjansten i Finland 1937) enphasized the importance of reports
on the occurrence of different types of ice. — In addition to the ice observa-
tion form, the ice-conditions were entered on Fridays, and sometimes on
several other days of the week, on a special map, scale 1: 100 000 or 1: 200 000
(Figure 4).
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Tigure 3. A Tinnish weekly form recording ice data. The form has been filled in by Lighthouse
Master FyaLar Forsserr, Utd. (The whole text translated into Enghsh.)



In Sweden the records of ice
observations at lighthouses were
very concise and consisted of data
entered during the winter on a
form which was finally approved
in 1895, 1t listed seven questions
regarding ice conditions, viz., the
freezing of the coast and of open
waters, strength of ice and disap-
pearance of ice of this area, maxi-
mum ice thickness in winter, and
also the freezing of the open sea
and the occurrence of the drift ice
onit. Apart from ice conditions the '1942 I 30 ki 09 F Forssell
form contained questions on navi-
gubility (Osmouax 1907, Thevecords By Jssitios oL st o
of ice observations in Sweden have ter Ijalar Forsell.
recently been reorganized. Explanations: 1 = fast ice, 2 = lane, approx.

, . 3 sea miles wide, 3 = heavy drift ice.

In Sweden the ice observations :
by lighthouses must be considered
to include also the brief reports in clear, added if necessary to the ice
code telegrams described below (Bestimmelser 1946). Tor instance, on Jan.
30, 1943, the following report was submitted:

Hano: »At sea, NW and NE 24, SE and SW 34. Two steamers icebound 1 dist.
min. E and NNI, respectively, from the Lighthouse.»

The point where the steamers were reported icebound was the fast ice
edge.

9. Apart from the ice observations, material is also contained in the
ice reports based on the ice code which was introduced in Germany after
the First World War and adopted by all the Baltic countries in the
early 1920’s. To begin with the different countries employed different
codes, but gradually separate uniform codes were adopted by the southern
and the northern Baltic countries. Finally, at the 5th Hydrological Con-
ference of the Baltic states held in Helsinki in 1936, the so-called Baltic
ITce Code was approved for use in both the southern and northern
Baltic (Staxre 1936). According to it, every report district sent a two-
figure message »In». In this pair of figures the first figure refers to ice condi-
tions, the second to navigability, as follows (some changes have been made
in the terminology after the new definitions of ice terms):

3 2023/53
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I=Ice conditions

No ice

Loose sludge or new ice

Fast ice

Drift ice

Heavy sludge or close belts of drift ice
Lane in the ice parallel to the coast
Thick fast ice

Heavy drift ice

Pressured ice

Pressure of ice

X No report

© W1 DU W=D

n=Effect of the ice on navigation

0 Navigation unobstructed

1 Navigation possible for steamers, difficult for sailing vessels

2 Navigation difficult for low-powered steamers, closed to sailing vessels
3 Navigation possible for powerful steamers

4 Navigation possible only for vessels constructed to withstand ice

& Navigation kept open by icebreaker

6 Channel opened through the ice

7 Navigation temporarily closed

8 Navigation closed

9 Not known owing to bad visibility
X No report
For instance, we have the following telegram from Sweden, Jan. 30,
1942:

Utklippan: «Today X9, yesterday at sea NW 50, NE 84, SE 84, SW 74,

C. SHIPS’ REPORTS FROM THE 1920°S ONWARDS.

10. With the increase in traffic after the First World War more ice
observations on the open sea of the Baltic were received in the form of
ships reports.

Tce observations were entered, as in the earlier winters, in ships’
lo g s, but as a rule only in cases where ice had affected navigation. Hence,
the logbook contains entries such as the removal of the log because of ice
risk, encountering of thicker ice, etc. The following examples are taken
from a Finnish logbook of winter 1942:

»Gottirids (en route from Gdynia to Turlu):

Jan. 19, 1942, at 13306 Bogskér Lighthouse 334°, distance 3 sea miles. Log hauled
in because of ice.
1530 Bearing 240° from Utoé Beacon, distance 24 sea
miles. Ice encountered.
1620 Encountered icebreaker »Jadkarhu» upon which icebreaker
assistance was received towards Ute.
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As a rule, fuller entries were made in the logbooks of icebrealkers. In the
winter of 1942, for instance, the extension of the ice off Uto towards the
northern Central Baltic could be followed from the log entries of the
Finnish icebreakers »Jddkarhus and »Tarmo», as follows:

oJ ddlkarhuw (logbook):
Jan. 19, 1942 at 1515 Assistance to ships discontinued at the edge of open
water., UtélyingN 10°E, distance 17 sea miles.
Jan. 22, 2000 Uto radio 50°, distance from Uté approx.
35 sea miles, Assistance to ships discountinued, changed
course eastward to assist ships SE of Bogskér, 11 sea miles.
2130 Began to assist ships. Steered several courses in efforts
to avoid pressured ice.

Jan, 23, 1300 Bogskér NNW = 8.5 sea miles (on the way out).
1430 Assistance discontinued, return trip commenced.
Jan. 27, 0120 Stopped approx. 5 sea miles SE of Bogskir as it proved

impossible, due to rough sea, and darkness, to ap-
proach the ship (»Helgoland») stranded off Bogskér.

1345 »Alkaid» arrived in the vicinity.

1800 »Alkaids put out to sea. Salvage was interrupted due to
heavy ice. Remained close to »Helgolands, south of

the reef.
Jan, 28, 2200 Turned into Utd fairway.
Feb. 1, 1040 Left Uté southward.

1145 Came up with the »Tarmo» and »Alkaid» 5 sea miles south
of Uts. Began to assist sAlkaids towards harbour. The
»Tarmo» on her own.

1240—1300 Stopped because of pump failure. Made rushes at
thick pressured ice.

1350 Reached Uts.

»T armo» (logbook):

Jan. 27, 1042 at 2000 Arrived at Bogskir where icebreaker »Jéakarhus was in
in the vicinity of the stranded »Helgolands. Because ice
was driving the engine was kept running in order to
keep us in the vieinity of »Helgolandy.

Jan. 28, 1820 Bow was again made fast to the »Helgoland» amidships.

2130 Parted from »Helgoland» as ice began to force the
stern on to the rocks.

Jan. 31, 0920 Began to assist »Alkaids to Utd. (Position 12 sea miles SW
of Bogskir.)
Feb. 1, 0130 Stuck in pressured ice.

0245 Assistence discontinued because of heavy ice.

0245 Direction Uté 10°

0810 Assistance to »Alkaid» resumed.

0950 Direction Uté 9° and Lillharu 51°
(= position 5 sea miles south of Utd).

1000 Stopped to wait for the sJéadkarhu» for assistance because
of severe ice situation.

1145 »Jadkarhw arrived, beginning to assist »Alkeids towards
Hanko.
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The Swedish icebreakers have kept a special ice diary in which
more complete descriptions of ice conditions are entered. For instance,
the ice diary of the Swedish icebreaker »Atle» has the following entry,
illustrating the development of a severe ice situation off Haradskir in the
winter of 1942.

»A tles (ice diary):

Jan. 24, 1942 Sailed southward from Stockholm to assist the ships frozen
in between Hivringe and Hiaradskédr. Strong NN breeze
increasing to storm, temperature —20°C. Dense snow. Ice
was driving SW at a speed of 2 to 3 knots.
Ice was pressing strongly, forming heavy ridges. Isolated
lanes were opening, but rapidly closing. Assistance con-
fined mainly to taking ships offshore. The ships were freed
and assisted into a lane running in NI direction, instructed
to follow the lane and await further assistance. (Assistance
given: two ships position 17.5 sea miles off Lindsiénken
Lighthouse, 9 ships position 12.6 sea miles NI the Stor-
klippen Lighthouse).

11. Availability of ice data directly from the open sea was very much
affected by the great developments in wireless telegraphy, partly during
the Tirst World War, enabling the direct relaying of information from the
open sea. In 1919, for instance, regular information in the form of radio-
grams had been received from the Finnish icebreaker »Wiaindmoinens,
admittedly via the coastal stations, by the Merentutkimuslaitos — Havs-
forskningsinstitutet (Institute of Marine Research). The installation of
radio equipment in nerchant vessels was started in the 1920’s, which made
it possible for them also to transmit ice reports direct from the open sea,
from more distant points than those reached by the icebreakers. The trans-
mission of ice reports in the form of radiograms was finally organized in Fin-
land when the Institute of Marine Research obtained its own wireless
station in 1930 (WrrtIing: Hawvsf. 1930).

Wireless ice bulletins sent out by ships, above all by the icebreakers,
have constituted a very important part of the ice information received from
the open sea. Finnish icebreakers sent in these reports twice a day or more
frequently. They contained, in clear, data on ice conditions, assistance
given, prevailing weather and other important factors, roughly similar
to the extract from the »Atle’sy ice diary mentioned above. In the winter
of 1940, because of the war, the exchange of wireless messages with the radio
station of the Institute of Marine Research ceased entirely. In the winters
of 1941—1944, also due to the war, the reports were issued in the ice code
and contained only brief information on ice conditions, whereas for the
severe winter of 1947 the wiveless ice bulletins are issued in clear and fairly
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rich in detail. To illustrate this it may be mentioned that the number of
radiograms received by the Institute of Marine Research in the winter of
1942 was 447 in all and 182 of them originated from the open sea area of the
Central Baltic. In the winter of 1947 the number of radiograms was 1 022
in all, 182 of them from the open sea of the Central Baltic.

12. Another means of obtaining as complete information as possible
on conditions in the open sea, required primarily for research work, was a
special ice log designed by the Institute of Marine Research in colla-
boration with Merenkulkuhallitus (Finnish Board of Navigation). In 1927 this
log was made compulsory for all Finnish merchant ships engaged in winter
traffic (Suwomen Asetuskokoelma 1927). The ice log contained a form for
each day of the voyage, and on it were entered ice conditions in the fair-
way by hours. The formn had a special column for the quality of the ice,
entered in accordance with the ice code described above. Further there were
columns for the direction and speed of drift of the ice. In addition other
detailed data, e.g. the ice edge, could be entered. On completion of each
voyage the forms were sent to the Institute of Marine Research. During
the first winters, with fairly abundant ice, ice logs were kept on several
vessels, e.g. in the severe winter of 1929 on 23 vessels (Wrrting: Hawvsf.
1929). But in the subsequent mild winters of the 1930’s it was comparatively
rare for vessels to encounter ice in the open sea and the number of ice logs
received has therefore been low.

13. A major effort to shed more light on ice conditions throughout the
Baltic came with the organization of the so-called Baltic Ice Week, 12—18
February, 1938. At the instigation of the »Stdndiges Bureau der Baltischen
Hydrologischen Konferenzen» (Baltic Hydrological Commission) the Insti-
tute of Marine Research sent out the ice logs described above to all vessels
then in traffic. In addition, the permanent observation stations of all the
Baltic countries, such as lighthouses and port authorities also received ice
observation forms modelled on the Finnish weekly forms. Similarly, air
reconnaissance flights and other special methods of observation were organi-
zed in order to obtain as complete and uniform observation material as pos-
sible from the entire area. This particular winter, however, happened to be
mild, and part from the Bothnian Bay ice appeared only in the coastal
waters, if at all (GrawqvisT 1938 a, b).

The collection of information from all ships at sea at the time was ar-
ranged again the following winter, 28 January to 3 Fabruary, 1939. But
this winter too proved a mild one, and not all countries co-operated fully.

To give some idea of the extensive organization of the ice observations
aimed at during these international ice weeks, in the open sea alone the
number of vessels participating and the ice logs completed by them are
listed below:
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Jeb. 12—18, 1938 Jan. 28—Feb. 3, 1930

Jco logs Vessels lce logs Vesscls
Finland ........ ... ... 191 42 246 55
Sweden ......... ... ... ... . ... . ... 31 8 3 1

Denmark . .. ... 8 5 2

Germany . ...... ...t 162 45 41 17
Tatvia . ..o 20 6 —_ —
Estonia ... ... ... .. ... ... 4 1 — s
Total 416 107 292 74

Finally the ice logs in Finland were discontinued in the winter of 1940
after the outbreak of war, just when there happened to be several extremely
severe winters. The ice logs were not reintroduced until January 26, 1949.

D. REPORTS FROM AIR RECONNAISSANCE FLIGHTS.

14. With the remarkable technical progress made in aviation during
the IMirst World War it became possible to extend air reconnaissance flights
to cover the frozen sea. Initially, however, the main object of the flights
was to locate icebound ships, e.g. in Iinland the flight on February 28, 1916,
to search for the I'innish steamers »Aviel» and »Lapponia» which had frozen
fast a month earlier (Hirnstrom 1922, GrawqQvist 1926). In  this
instance the aircraft failed to locate the vessels, and typical of the
conditions in those days is the fact that information on their fate was not
rveceived until April 30, some three months after their departure. This
shows that at that time, as a rule, no information was received from the
open sea.

But fairly early on, at least in 1920, certain flights were made for the
sole purpose of obtaining information on ice conditions for sea traffic
(Jurva 1925). Although the advantages of aerial reconnaissance for
ice research were fully realised the flights of the 1920’s at least were
only occasional in character, though the need for them in the fairly
severe winters became increasingly apparent year by year. The main object
of the flights remained the search for icebound steamers, and, in the
Gulf of Finland, even their supply with provisions, as for instance in the
winter of 1926 (Hufvudstadsbladet, Jan. 13, 1926). One flight was made
far out into the northern Central Baltic, to a point south of Utd, where
the icebound »Miran (Finnish) was located by it. Ice data were included
in the report submitted.

Ice reconnaissance flights became more regular in the severe winter of 1929,
when it became necessary e.g. for Germany to resort to aerial reconnaissance
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to search for vessels icebound in the southern Central Baltic. The need
for air reconnaissance arose in the first place from the fact that far from
every vessel was equipped, even at that time, with a wireless for transmit-
ting distress signals. In addition to the special German reconnaissance the
normal Copenhagen—Hamburg passenger line gave fairly regular veports
on ice conditions (RicHrER 1933). Taking all these into account, about 20
flights are mentioned froin the southern Central Baltic in the winter of 1929;
it is interesting to compare figures with later developments. Aerial photos were
taken on these flights, a practice which had been advocated earlier (LUumN-
sEE 1928). In addition, Germany was making serious efforts at.that time to
organize regular reconnaissance flights. Regular reconnaissance flights
were also planned by other countries (SvavciTass 1929 a, Den Danske
Istjeneste 1936). .

Regular flights for the sole purpose of reconnoitring ice conditions were
being carried on in Finland by the 1930’s, mainly over the Gulf of Finland.
During these flights ice data were drawn in on maps, mostly 1: 400 000,
with written supplementary explanations. Other Baltic countries too were
ready for regular ice reconnaissance flights, although there was no great
need for them in the mild winters of the 1930’s (Kocua 1936, SPEERSCHNEI-
DER 1936). In Germany the work was entrusted to the »Deutsche Luftsport-
Verbands (German Aero Club) from the winter of 1935 (STaxLE 1936).

156. During the severe winters of 1940—42 information on ice condi-
tions was considered secret again, because of the war, and ice reports were
given no general release. When information was required on ice in the open
sea each Baltic country concerned was forced to resort to air reconnaissance.

Hence, in winter 1940, Swedish passenger planes began to carry out ice
observations along their routes from Stockholm to Visby and Riga (Osrman
1940). The following winter the air routes in operation were from Stoclholm
to Visby, Helsinki, Berlin and Warsaw (Ostmax 1941, LirssQuist: Lsvin-
tern 1941—42). Military planes also participated in air reconnaissance.
All these flights issued reports in clear as e.g. the following:

Report from flight oacross the northern Central Baltic, Jan, 17, 1942:

syFrom Huvudskir outward fast newly-frozen ice with unrestricted swell. Within
this area isolated strips of pancake ice, length 2—3 sea miles, width 200—300 m.
Up to 30 sea miles from the coast thin ice rind as far as the area where eastern wind
prevailed. After that ice-free.»

The data were also drawn in on maps, scale 1: 10 000 000 (Figure 5),
or on sketch maps (Figure 6).

In Denmark air reconnaissance flights from Copenhagen covered the
Danish Straits and the coast of Jylland, and the southern Central Baltic
as far east as Bornholm (Is- og besejlingsforholdene 1941-—1942). From
these flights reports in clear were issued e.g. the following:
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Tigure 5. Map drawn during the Swedish air reconnaissance flight
across the southern Central Baltic, Jan. 31, 1942.
Explanations: Fast ice and new ice 35 ki off the German coast, then
open water.

Tigure 6. Map drawn during the Swedish air reconnaissance flight
from Stockholm via Landsort to Visby, Jan. 31, 1942.
Explanations: 1 = fast ice, snow-covered, 2 = lane, covered with
new ice, 3 = unbroken ice, snow-covered, 4 = thinner ice, snow-
covered, b = cracks and narrow lanes.
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Report from flight Bornholm-Copenhagen, Jan. 30, 1942:

»The first 1/3 of the distance Roénne — Falsterbo partly ice-free, 1/4 of the remainder
small floes, the balance large floes. Falsterbo -— Copenhagen fast ice with isolated
lanes.»

Report from flight Copenhagen—Bornholm, Feh, 4, 1942:

yHeavy fast ice on the coast between Trelleborg and Sandhammaren. From there
on large ice floes with new ice in between up to the northern side of Bornholm.»
(»Smally and »large» after the former terminology!)

In Germany air reconnaissance in the winter of 1940 continued to be
the responsibility of the »Deutsche Luftsport-Verbands but by the winter
of 1941 special »Luftwaffes (German Air Force) units had been entrusted
with the task. Transport planes also participated in the work. The brief-
ing for these reconnaissance flights devoted great attention to the
recognition of the different types of ice. In addition, orders were given
to communicate the rvesults in clear or code (Merkblait fiir die Hiserkundung
1940). During the winters of 1940—42 a total of 202 ice reconnaissance
flights arve reported (BtprL 1943), but unfortunately the original material
was destroyed in an air raid on Hamburg in 1944. However, a number
of these veports are published in the daily ice bulletins (Hisbericht
1941/1942).

During the »Winter War» in 1940, ice information on the open sea of the
northern Central Baltic was not required in I'inland for navigation. Tlights
were carried out primarily for general surveillance purposes. In the winter of
1941 also the number of ice reconnaissance flights was fairly small. But
in the winter of 1942 numerous flights were carried out far out over the
Central Baltic, primarily to ascertain ice conditions for navigation, and large
numbers of photographs were taken. Reconnaissance results were repor-
ted in clear e.g. as follows:

Roeport from flight over the western Gulf of Finland, Jan, 1, 1942,
at 1150—1330:

»East of the line Jussaré — Paldiski ice resembling pressured ice and snow-covered
ice. West of this line, snow-free, thin smooth ice, with small openings, diameter
10—50 m. Edge of open water along the line Morgonlandet 5 sea miles S — Osmussaar
10 sea miles Ii».

The observations were also veported on maps (Figures 15—28). In
drawing these maps attempts were made to depict ice conditions as seen
from the air. No established symbols like triangles for drift ice were used,
as it was impossible to describe all the details with their aid. The special
instructions worked out in the winter of 1942 for aerial ice reconnaissance
emphasized recognition of the various ice types from aerial photographs.
Great attention was also paid to drawing the maps (Parnosvo 1952). In the
winter of 1942 ice reconnaissance for military operations was carried out
in the eastern part of the Gulf of Finland.

4 2023/53
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16. In the later winters of the 1940’s ice reconnaissance flights varied
in number with the conditions. In the winter of 1947, reconnaissance by
Swedish passenger planes over the Central Baltic was common (LiLyEQuisT:
Isvintern 1946—47). From the winter of 1948 on, in Finland, ice reconnais-
sance flights have been fairly regular although, over the sea of the
Central Baltic, they have been less frequent as the winters have been
comparatively mild.

In order to give an idea of tlie number of ice reconnaissance flights
carried out and above all of the immense developments in this field, their
number in the severe winters of 1940—1942 and 1947 is given below:

Winter Finland Sweden Denmark Germany
1940 ..o 8 (13) (20)
1941 ... 4 (8)

LO42 oo vpo :smmez cume s vmms s o 87 163 (67)
1947 . 8 47

(The figures in brackets indicate that there may possible have been more
ice reconnaissance flights not recorded)

E. THE OCCURRENCE OF SEVERE ICE WINTERS.

17. The occurrence of severe winters may be studied by mneans of the
following diagrams (Figures 7—=8) by Jurva (1942, 1952 a and 1953). They
give the maximum extent of ice in the area of the Baltic for each of the
231 winters of 1720—1950. With the Baltic completely frozen over the
length of the corresponding column stands for 420 000 sq km. For the winters
with the least ice the maximum extent of ice equals nearly 60000 sq lm
(i.e. approx. like ice conditions on December 19, 1942, Figure 29).

The diagrams show that severe ice winters were relatively infrequent
in the early 18th century, and that winters with abundant ice were more
numerous at the end of the 18th and during the 19th century. Particularly
in the 1870’s and the 1880’s the Baltic was often completely frozen over,
e.g. in the winters of 1871, 1877, 1881 and 1888. The last in this series
of severe winters was the winter of 1893, in which year the Baltic was frozen
over completely again. Since then winters have generally been less severe;
particularly in 1904—1914 and 1930—1939 there was little ice, the
result of the exceptionally high winter temperatures of those periods. The
cycle of mild ice winters terminated at the end of the 1930’s; in the early
1940°s there were three consecutive rigorous winters, and the Baltic was
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Figures 7—8. Variations in the maximwn extents of the ice cover of the Baltic in ice winters
1720—1829 (according to Jurva 1953) and 1830—1951 (according to Jurva 1944, 1952 a).
The gradings indicate the maximwn extent of the ice cover, with 1 000 sq. km as the unit.

completely frozen over in the winters
of 1940 and 1942, The winter of
1942, in particular, was exceptionally
severe. There was one other hard
winter in the 1940’s viz. the winter of
1947, when the open sea of the Baltic
was covered by ice.

The distribution of these 23] win-
ters (1720—1950) by the maximum
extent of ice has been calculated by the
author from the diagrams by Jurva,
referred to above. The result is as
follows:
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Figure 9. Frequency distribution of the

maximum extents of the ice cover of the

Baltic in wintexrs 1720—1950 (231 winters),

caleulated from Ifigures 7—8. (Numerial
values in text.)
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Txtent of ice in Nuniber of ice winters
1000 sq km Absolute Relative (per cent)
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This distribution has also been represented graphically (Figure 9).

These two representations show that mild ice winters predominate
numerically when the ice is less than 180 000 sq km in extent (i. e. approx. like
ice conditions on January 16, 1942) accounting for nearly half of all
the winters. Severe ice winters are also remarkably frequent; an extent of
ice of 300000 sq km (i. e. approx. like ice conditions on January 23, 1942.
TMigure 31) is vreached approx. every third winter. Medium-severe winters are
least in number. This distribution seems natural as the Central Baltic must
be considered an almost closed basin. Its shallow coastal areas freeze fairly
rapidly, even during cold spells of short duration, whereas the water masses
of the open sea require a much longer time to cool and permit ice formation.
Only in rigorous winters, characterized by prolonged very cold spells, is
ice formed in the open sea of the southern Central Baltic. The upper limit,
420 000 sq ki, i. e. ice cover throughout the Baltic, is often reached consi-
derably before the culmination point of the ice winter, the date from which
the ice cover begins to diminish. The severer the winter the thicker the ice
cover of the open sea can become. However, the present diagram will not
concern itself with the development taking place after the Baltic is comple-
tely frozen over. Hence in the present diagram the distribution of the
extent of the ice cover is similar e.g. to the description of cloudiness,
with upper and lower limits (CoNmraD and Porrax 1959).

18. In order to be able to study in greater detail the dependence of the
freezing of the Baltic on general climatological conditions the author has
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compared the maximum extents of the ice cover in the different winters,
as given above, with average temperatures of the corresponding winter
months, i. e. December—March. As is shown by Lirnsmquist (1943), this
average temperature of the winter months gives a climatologically service-
able quantity, at least as far as Stockholm is concerned. The interdepen-
dence of these quantities can be seen from Figure 10 covering the 195
winters of 1756-—1950, the period during which temperature have been
recorded in Stockholm. The abscissa shows the maximum extents of ice in
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Tigure 10. The relation between the maximum extent of the ice cover in the Baltic
(the abscissa) and the average temperature of the corresponding winter months, i.c.
December—March, in Stockholm (the ordinate).

1000’s of sq km and the ordinate the average temperatures of the winter
months in Stockholm. If their interdependence is assumed to be linear,
the straight line drawn into the figure by the method of least squares,
shows this dependence.

According to the figure it seems that winters have been of abundant
ice, over 300 000 sq km, when the average temperature of the winter months in
Stockholm has been —4°C orless. Complete freezing-over of the Central Baltic
has occurred when the corresponding Stockholm average temperature has
been approx. —5.5°C or less. Admittedly, in the winter of 1947 the value
was —4.7°C, but as will be seen further below the open sea of the Baltic,
in that year, received its ice cover in exceptional circumstances. The lowest
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value, —8.0°C, was recorded in the »Winter of the French Revolution» of 1789.
It must be mentioned that the average temperature in Stockholm in Decem-
ber 1788 was —10.4°C and in January 1789 —8.2°C. During these cold
spells e.g. the Danish Straits were frozen so hard that sledge traffic could
be maintained across them (SPEERSCENEIDER 1915). February was milder,
with an average temperature of —4.5°C in Stockholm. During February
the ice was broken in the Kattegat and partly also in the Danish Straits.
March saw another cold period; the average temperature in Stockholm was
—8.8°C. The Danish Straits and the Kattegat froze over again. The ice
did not disappear from: Danish waters until the end of March. The third
lowest average winter temperature in Stockholm was reached in the winter
of 1942, —7.7°C.

Although the average temperature of certain winters was low, such as
e.g. winter 1814 —6.9°C, they are not counted among the severest ice win-
ters. The average temperature for December 1813 in Stockholm was
—1.8°C, whereas the January 1814 mean fell to the remarkable low of
—14.3°C. The Danish Straits began to freeze over soon after the New Year.
January 27 saw drift ice in the Central Baltic in the vicinity of the Christianso
Lighthouse, but due to mild weather navigation was unobstructed until
mid-February. The cold spells of that time — the average February tem-
perature in Stockholm was —8.6°C — resulted in the formation of ice over
very large areas. The vicinity of Christiansé was covered by ice from 15—23
February. Due to the short duration of the cold spell the open sea of the
Central Baltic was barely ice-covered throughout. At the end of February
the ice began to diminish. March was fairly mild, with an average tempera-
ture of —2.7°C. 1t seems, as has heen emphasized by several researchers,
that complete freezing-over of the Baltic can only take place, as a rule, early
in February. The coldest point, a singularity, in the mean temperature of
Helsinki appears on February 8 (SimoJoxr 1953).

Certain points in the figure appear to differ considerably from the gene-
ral distribution; this is due to the fact, pointed out by Jurva, that diffi-
culties of various kinds are encountered in determining the maximum
extent of the ice. The material available is rather incomplete for the pre-
1880 period and hence the results for the years prior to this time are not
as reliable as the rest. Because of lack of detailed notes on ice conditions
it has been necessary to estimate the maximum extent of ice with the aid
of climatological etc. factors. Temperatures recorded from localities other
than Stockholm e.g. Uppsala, Helsinki, Leningrad, Riga and Copenhagen
have been resorted to. Such estimated analyses have been indicated in the
diagram by Jurva by a broken line, but in calculating the distribution
the present author has only included the highest values.
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19. The present investigation deals with the class of severe ice winters,
with special attention paid to the greatly varying ice conditions of the
open sea of the Central Baltic. As was seen from the introduction, ice conditions
in the Central Baltic have received increasing attention since winter navigation
began. But it is just in the severe ice winters earlier that ice observations
from the open sea have been very few, almost non-existent. Observation
material serviceable as the basis of a scientific study of ice conditions was
only brought in by the ice reconnaissance flights of the severe winters of
the 1940’s.

The winter of 1942 has been selected for detailed treatment and des-
cription. As can be seen (N. 16), it was in this year that the greatest number
of ice reconnaissance flights was carried out. The present author was then
serving in the IFFinnish Air Force as a flight lieutenant, working with the unit
entrusted with the task of performing the ice reconnaissance flights, and
thus he had an opportunity of following from the air the development of
ice conditions.

In this treatise the author will firstly give a continuous account of the
development of the ice on the open sea. This is based to a very important
extent on pictures taken during the flights. Only some of these are published
in the present study. Secondly an account of the phases of the severe ice
winters will be given. This is based on maps drawn during the flights.
These observations, which form the basis of the present study, are completed
with material from the Institute of Marine Research and corresponding
institutes abroad engaged on ice research. In addition to this, valuable
material, secret because of the war, has been obtained from the ships’
logs of wvessels in winter navigation at that time, and of icebreakers.
It has been possible to supplement some of these log entries with personal
accounts given by the ships’ officers. And by using all possible material the
author has drawn ice situation maps showing certain phases of development
in the ice conditions of the Central Baltic in severe winter of 1942,

This exceptionally severe ice winter of 1942 is then compared with the
severe 1ce winters of 1940 and 1947, for which the material available is con-
siderable more limited than that for the winter of 1942. Hence the winter
of 1942 definitely remains the only severe ice winter to date on which obser-
vation material from the Central Baltic region is available in sufficient
quantities to permit a description of the general course of such a winter.

Furthermore, using the material available on the other severe winters
known to have occured earlier, the description has been extended into a
general description of the course of severe ice winters in the Central Baltic. The
so-called normal stages of a severe ice winter have been defined by means
of Jurva’s (1937) cartographic method. Hence Jurva’s graphical representa-
tions have been extended to cover the severe ice conditions in the Central
Baltic.
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Figure 11, The meteorological factors (temperature, solar radiation and wind) in Stockholm
and the area of ice cover in Baltic in the winter of 1942,



II. THE SEVERE ICE WINTER OF 1942.

A. THE SPREADING OF THE ICE OVER THE NORTHERN CENTRAL BALTIC,
1941. X1I. 23—1942. 1. 18.

20. Freezing began earlier than usual in the northern part of the Both-
nian Bay in the autumn of 1941. The shallow bays froze in the middle of
October as a result of the first frosts which came then (Figure 11). But the
freezing over was quite exceptionally early in the south, in the region of the
Gulf of Finland; during the following frost period, at the end of October,
ice formed in the coastal bays. During the third frost period, which came
in the middle of November, ice covered the inner archipelago of the Gulf
of Tinland.

It was exceptional to have three periods of frost as early as this.

A new and comparatively hard period of frosts began in the early part
of December. In the middle of December the open sea of the Gulf of Finland
was icec over throughout the field of view of the fixed observation stations
along the coast as far west as Pellinki (Figure 29). December 20—22 the
weather was milder, with a variable, mostly W-wind. The first flight to
reconnoitre ice conditions went up over the eastern Gulf of Finland on
December 23. 1t was found from an aerial photograph (Picture 6) taken

Pictire 6. Broken ice drifting on the open sea. (Gulf of Finland south of Kotka,
1941. XII. 23. Finnish Air Force photo.)

A typical ice sibuation at sea at the beginning of winter. The wind, too moderate to drive the
ice away, has broken the ice covering the sea surface (a2—b2). I'he shore, a point of support for the
ice, is bordered by the coastal fast ice cdge which extends a little further out than the vessel seen
in the picture (b1). The wind has not been strong enough to set this coastal fast ice in motion.

b 2023/53
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on this flight that the ice cover of the open sea south from Kotka was defi-
nitely broken. The photo shows clearly that the increased wind on the
preceding day, with its possible by-phenomena, could break the ice cover,
though the ice was certainly fairly thin at this time.

21. December 23 the frost increased and a new period of hard frost
set in, With the wind weak, new ice formed rapidly on the sea. Four days
later, i. e. December 27, very hard frost in the central part of the Gulf
of Finland left the fields of view of Harmaja, Porkkala and Jussard observation

a b ¢ d e f

Picbuwre 7. Almost unbroken icc cover on the sea. (Gulf of
Finland south of Kotka, 1942. I. 7. Air Force photo.)

The ice now covers the whole of the outer sea, but not unbroken. There
are lanes (a2—¢3, d3, e3 and £3). The ice is rather uneven and older, partly ice-
covered lanes appear (d1—e3), formed when the ice moved offshore.

The fast ice edge bordering the coast has remained more or less static,
perhaps even increased a little, judging by the vessel in the picture (b3), same as
in Picture 6.

stations, among others, totally ice-covered. On the following day the
weather became a little milder and it began to snow, and after a couple of days’
mild weather i, e. in the evening of December 31, the wind shifted
to S and increased to 3—4 Beauf. An air reconnaissance flight was sent
up to ascertain the development of ice conditions. In the report made after
the flight (N. 15) it was mentioned that the snow-covered ice reached from
east to the line Jussar6—Paldiski, and new snow-free ice to the line Morgon-
landet (west of Hanko)—Osmussaar. Both of these ice edges appeared
during several winters; their origin was dueto hydrographic condi-
tions. The above-mentioned ice was formed on December 27 and snow
had fallen on it during the following days. On December 31 this ice started



35

to move and was pressured against the coast of Finlaud; pressured ice about
4 metres thick was formed off Porkkala, among other places. The snow-free
ice was formed after the snowfall, i. e. on December 30 and 31, and
thus was only a night or two old. In this new ice, it was mentioned,
there were small openings 10—I15 metres in diametre; these probably
originated through the moving of the ice. Openings can also appear in

A b

Picture 8. Heavy uneven ice ontside the skerries. (Gulf of Fin-
land south of Kotka, 1942, II. 4. Air Force photo.)

As in earlier pictures theve is a level fast ice edge close to the coast, near the vessel
seen in the picture (b2). Offshore the ice is very uneven, full of ridges (al) formed by
the pressing of the ice. Abundant snow and snow drifts can be seen on the ice. No
lanes are visible, but narow cracks opened up occasionally though the ice was already
quite thick. Cracks generally begin at the fast ice edge of the coast or at some supp-
orting point such as a roclk, shoal etc.

sea ice formed during calm weather in the region of the archipelago; they are
popularly referred to as sbreathing openings of the sea», or »openings for
feedings (ice report from the Ruotsalainen pilot-stage 1915, XII, 18,
among others). However, in the region of the archipelago at least the forma-
tion of the openings appears to be influenced by the basin bottom and cur-
rents it forms, and this can hardly be used to explain the origin of the open-
ings in sea ice.

22. On January 6 a strong outbreak of arctic air mass began to push
outwards from the north southward over Finland, resulting in the formation
of a ridge of stationary high air pressure over Scandinavia. By January 15 the
outbreak of cold air had reached Germany, where the independent cold
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air pool (»Kaltlufttropfen»), mentioned below, was formed. Thus a period
of severe frost had begun,

At the beginning of the outbreak of cold air over the eastern part of the
Gulf of Finland the wind was initially from N, and then varied, but was
rather strong throughout. January 7 an air reconnaissance flight took off
over the eastern Gulf of Finland. It found that the entire sea area was
covered with fairly thick ice, but as a result of the wind the ice had been
in motion and a number of lanes had formed in the ice. The change in the
ice conditions appears from a comparison of Picture 7 with Picture 6. Both
photos were taken inn the same region. The view of the ice situation appears
from the map of January 9 (Figure 30).

23. Tce had appeared in the northern part of the Aland Sea by January 9.
The wind blew from N, slackening later, mostly E—SE. Icing continued
on the Aland Sea and on January 16—17 the Mirket and Understen
lighthouses reported fast ice over the whole field of view. A »bridge
of fast ice» had been formed over the northern Aland Sea. The ice was
measured near Market on January 16 and proved to be 5 cm thick. A week
later, on January 23, it was 14—18 cm thick and a week later still,
January 30, 26—35 cm in thickness. That this ice remained unbrolken
through the hard storms of the end of January (mentioned later) shows
that »the ice bridger over the Aland Sea can in cases like this be
regarded as a part of the fast ice fringe surround-
ing the coast when the border has extended to its maximum,

24. Meanwhile the ice mmentioned in the air reconnaissance flight report of
January 1 moved from the western part of the Gulf of Finland to the northern
Central Baltic. On January 16 ice covered the whole field of view of Ut& Light-
house, and on the sketch map of ice conditions drawn at the Institute of
Marine Research on the same day the ice edge was shown along a line Tah-
kuna Point—IKokarséren (south of Kokar). The following day, January 17,
ice had formed on the Swedish coast as well, mentioned e. g. in a Swedish
flight report (N '15) as far out as 30 sea miles from the coast.

2b. Peculiar to the period studied is the fact that the formation of ice
occurred during frosty weather with a weak wind. The temperature was
not even, however, and the frost increased from time to time to very hard.
It was during these temperature minima that quick formation of the ice
was observable. When the frost lessened and the weather generally grew
more windy the ice on the open sea broke up and started to move. The
extent of breaking-up of the ice depends usually mainly on its thickness,
but additional factors were the wind force, its duration and direction, and
the direction of the coast line of the sea basin. No major storm occurred,
however, as is apparent from the above, until during the next weather
period at the end of January.
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B. DRIFTING OF THE ICE, 1942. 1. 19—-31.

26. The above-mentioned outbreak of cold air over Finland and on to
Germany resulted in the development of a cold air pool (»Kaltlufttropfens)
over the latter country. ScHEREAG (1948) rveports on it:

»An arctic air mass, in the form of a closed upper low,)had already advanced
over Turope earlier; it had reached Finland on January 8 and on the 15th divided
over Germany where one fork was driven to the North Sea on the south-west flank
of a Scandinavian high pressure while another fork was caught by a central-Russian
low pressure and remained there. On January 18 a smaller, independent cold air pool
was formed over north-west Germany while the Russian dome, considerably rein-
forced on the arrival of another cold trough penetrating from the north-west, again
reached out over Germany from across the Baltic. In a few days, however, it was
pushed back eastward with the main mass. There it united with a low pushing west-
ward from the interior of Siberia. This low reached the district of Moscow on the
23rd and on the day after the atmospheric space around Smolensk; on the date shown
here (Figure 12) it was still perceptible above the Baltic Sea.

This surface low was accompanied, in the free atmosphere, by unusually low
temperatures and a corresponding upper cyclone. When, the night before, it passed
Riga the lowest temperatures measured to date above the European atmospheric
space were recorded in several layers. .. It may be mentioned, further, that the aver-
age temperature of the 1000—500 mb layer was lower than that corresponding to
the January average at the cold pole, which best illustrates the unusual inten-
sity of this cold air pool»

The map of relative topography 1000—850 mb has been drawn (Figure
13) to illustrate the unusual intensity of this cold air pool.

27. The development of the weather described above affected the devel-
opment of ice conditions so that on the evening of January 19 the wind
increased, in the Gulf of Finland ancd in the northern Central Baltic to strength
5—6 Beauf., N—NE. An air reconnaissance flight established that the ice
was broken in the eastern Gulf of Finland, an area where the ice was already
fairly thick on the open sea. But the breaking now, compared with that
at the beginning of the winter, was restricted to narrow lanes and cracks
only. The air reconnaissance flight mentioned that these narrow lanes
and cracks had formed along the western coast of Suursaari and from the
south end of Suursaari westward to Ruuskeri.

28. In the western Gulf of Finland and northern Central Baltic, where the
ice was fairly new and therefore still thin, it began, on the contrary, to move,
drifting away from the Finnish coast. It was considered unnecessary to
carry out air reconnaissance flights in this region as regular reports on ice
and navigation conditions were being received from the icebreaker »Jédkarhu
which was assisting there. It appears from entries in the ship’s log (IN. 10)
that the edge of the open water, on January 19, was 17 sea miles from Utd,
dirvection 190 degrees. The Finnish ship »Gottfrids, which arrived from the
south on the same day, recorded that the ship’s log had been removed
by Bogskir Lighthouse because of the ice (N, 10), which was probably
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Figure 12, The arrival of cold air poo (»Kalttluftropfen) in Germany, Jan. 30
at 0800 (= 0600 GMT). (Synoptic weather map, sea level according to
(ScnErAAG 1948).

sludge drifting outwards. The vessel did not meet heavy ice until 24 sea
miles from Uto, direction 240 degrees, It is apparent that the outer
edge of a drifting ice field is not even. Depending on
the various structures of the different parts of the field they are generally
set in reciprocal motion and the edge of the field assumes an uneven shape.

On the following day, January 20, although the wind calmed down its
influence on ice conditions in the open sea of both the western Gulf of Fin-
land and the northern Central Baltic was very considerable. The ice in this
area had been set in motion, a fact of definite significance for the develop-
ment that followed.

29. As in the weather development described above the air pressure
gradient in Finland became high, which caused cold Siberian air to flow into
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Tigure 13. The place of cold air pool, Jan. 30 at 06 (= 04 GMT). (Map of
relative topography, 1 000—850 millibar. The map shows, in addition to the
rvelative heights of the air mass in 10 gpm, their average temperatures).

the Baltic area. January 22 the wind increased again, at first N—NW, strength
3—6 Beauf. The wind shifted in time to NE, January 24 increasing to a storm.
The next day, January 25, the wind grew still stronger, reaching its maximum
on January 26 when it was 9 Beauf. at times (report from the Swedish ice-
breaker »Atles, among others). The strength of the storm is apparent from
the fact that in the Bothnian Sea, off Oregrundsgrepen, the big Swedish
icebreaker »Ymer» found it impossible to assist a convoy of four merchant-
men southwards. She had to cirele around them for nearly two days to
prevent them from being nipped by big pressured ridges.

On the northern Central Baltic coast off Uto the increasing wind carried the
drifting ice further west — Lagskér Lighthouse among other stations reported
by January 24 already the presence of drift ice over the whole south field
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of view. Probably, however, the ice drifted close to Finnish territorial
waters judging by the fact that the Bogskér area, further south, was reported
open two days later when, on January 26, the »Helgoland» en route to Fin-
land ran aground at Bogskér because of bad visibility.

On Januvary 27, at 0120, the fact that the sea was very rough around
Bogskér showed also that there was still open water when the »Jaikarhus
(N. 10) awvived to save the »Helgolands. It is further apparent that the
Finnish »Ostrobotnias which arrived from the south at 0840 met ice 20 sea
miles from Ut6; the vessel stopped to await assistance.

The accident to the »Helgolandy led to an air reconnaissance flight, and
on January 27 it was established that a narvow lane, about 50 m wide, had
begun in the western Gulf of Finland near Jussard and continued west-
ward along the fast ice edge past Bengtskir Lighthouse. This proved
that the ice started to move in the western part of the Culf of Finland.
Additional proof of this came in a report from Estonia that a lane had opened
in the south of the Gulf of Finland, west of Naissaar. No further details
of the movement of the ice were obtainable as the reconnaissance flight had
to be abandoned because of bad visibility near Uts. It is remarkable,
though, that no wide lane was observed. It proves that the drift ice
field of the open sea does not move as a whole but
in small sections. Narrow lanes open through the ice field and
»feeds the open sea with ice floes.

The same day, Januwary 27, when the wind had shifted to N, the ice
began to shift further southward from the vicinity of the Finnish coast,
Salvage work at Bogskdr had to be interrupted for some time when the
ice reached that area. The icebreaker »Tarmo» also arrived on the same
day to lend assistance (N. 10). In spite of the obstruction of ice the salvage
operations were successful in that both crew and cargo of the »Helgolandy
were saved. The vessel itself remained wrecked on the ridge of rock.

‘When the ice began to shift southwards the »Ostrobotnian waiting in
the ice edge off Uté moved mozre to the south and finally decided to go to
Visby. But in the vicinity of the northern point of Gotland it observed
that the sea between the Swedish mainland and Gotland was filled by heavy
ice floes. The »Ostrobotnias turned back to the north and reached a point
25 sea miles SW of Bogskir. Then a German ship, probably the »Alkaidy,
was observed NW and the »Ostrobotnias took a course on it. But it had to
go tbrough a big ice flow and in the middle of this flow it became icebound
and finally, on January 30, stopped there. The »Alkaids reached Bogskar
January 27 (N. 10).

The »Jaakarhuy left Bogskdr on January 28. There was no mention
made of obstacles encountered on the return jomrney to Turku, even off
Uts., The yTarmon» on the other hand was very much slowed up by ice when
on January 31 1t moved off to assist the »Alkaids. The obstiuction in-
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creased the nearer the »Tarmo» got to Uts. Finally, on February 1, it
stopped in heavy ice about 5 sea miles south of Uto to await the arrival
of the big »Jadkarhus. The latter icebreaker arrived the same day, but in
the work of assisting the »Alkaid» to Utd, before they reached the fast ice
area, the »Jadkarhu» had to plough through heavy pressured ice and was
forced to stop because of a faulty pump. This had occmred when bits of
ice from heavy pressured ice were sucked into the bottom scuttle — more
than 6 m under the sea surface — with the cooling water. This gives some
idea of the thickness and amount of dvift ice that had been pressed against
the skerries in spite of a slight increase of the wind — in the morning of Jan-
nary 29 it blew from SE 5 Beauf, Navigation via Uto thus came to an end.

30. There was quite thick ice off the Swedish coast on January 22, e.g.
level with Hévringe and 12—17 sea miles offshore (Figure 31). The same
day, when the wind got up, this ice started to move., On January 24, accord-
ing to the ship’s log entries made by the Swedish icebreaker »Atles (N. 10),
the ice off the Hévringe and Héradskér lighthouses was drifting in a SW
direction at a speed of 2—3 knots, which is a considerable speed to attain
in the open sea (PArnst 1924, d’arriNgE 1932, RicHTER 1933). Such speeds
have only rarely been observed, e.g. in scattered ice by Bogskar 1909. IV. 2,
3 knots, the wind being 7 Beauf. N.

On the day of the log entry mentioned above, January 24, vessels in the
ice in the vicinity of Hévringe and Héradskir ran the risk of drifting onto
shoals, and the Swedish icebreakers »Atles and »Isbrytare II» had to come
to their assistance and lead them out from the vicinity of the skerries. But
conditions changed quickly, On January 25 already heavy floes appeared
between the Swedish mainland and Gotland. Some of these floes were
encountered by the »Suomen Poika» the same day at 0940, 25 sea miles
north of Stenkyrkehuk (in northern Gotland), and the ship returned to
Visby harbour. Other ships too put into Visby and Oxeldsund, but some
25 vessels remained icebound in the drifting ice and had to wait for assistance
from icebreakers. One of the last vessels to reach Visby harbour was the
Finnish ship »Karin Thorden». She had come up from the south and met
en route, at about the southern point of Oland, sludge and even ice floes.
Off Visby she was nipped in heavy ice and only succeeded in reaching the
shelter of harbour with the assistance of the pilot ship.

January 27, when the wind had shifted to N, the ice drifted away from
the coastal sector between Svenska Hogarne and Landsort and ice condi-
tions in these areas became easier for navigation. It was reported that a
weak German ship from near Kopparstenarne succeeded in getting to a
point off Landsort without assistance. But further south, around Havringe
and Haradskir, the ice drifted coastwards and pressured ice was formed.
On the next day, when the wind dropped, the velocity of the ice drift dimin-
ished and pressure in the ice field weakened. But it is noteworthy that

6 2023/53



42

it did not cease. The »Atle’sy ice log records that the ice pressure continued
at Hivringe and Héradskir even after the wind had calmed down on Jan-
uary 30. The captain of the »Ostrobotnia» which was still icebound 25 sea
miles SW of Bogskér said that sthere was very severe pressure when it
was calm. The vessel, however, was held very well in the middle of a large
ice floe. Ice pressure continued even when the wind had shifted to SE on
January 31». It is interesting to find that a radiotelephone report on January
31 mentioned that the ice continued to move in the same
direction as formerly because of the sea current.

31. An extension of the ice seawards from the coast was observable
in the southern Central Baltic during this period. While vessels were still
anchored in the open water off Swinemiinde on January 18 the Finnish ship
»Vega» reported having encountered thin ice on her way south about 6 sea
miles north of Arkona on January 20 at 2200, and heavy drift ice closer to
Swinemiinde. Four days later, on January 24, the »Ostrobotnia», mentioned
before, observed outside Swinemiinde ice over its whole field of view. On
January 25-the wind was ESE 5—6 Beauf. and the ice started to move,
drifting away from the German coast. The »Ostrobotnia» travelled in open
water eastward along the German coast and took a course northwards to
the open sea off Jershoft. -

The extraordinarily hard frost during the next days resulted in the
freezing process continuing fast. A remarkable occurrence was observed in
Danish waters on January 25— the forming of an »ice bridge» across Oresund
at Ven. On January 31, at the end of the period now under review, freezing
in the southern Central Baltic had progressed so far that, according to a
Swedish air reconnaissance flight report (Figure 5), heavy unbroken ice was
observable on the German coast and, some 35 km or 20 sea miles further
out, thin ice. The central part of the Baltic remained open.

32. Characteristic of the period studied is the breaking-up of the ice
on the open sea by the stiff wind and its drifting westwards from the Gulf
of Finland. This moving, particularly the heavy floes, is depicted on a map
(Figure 14) drawn from reports available to the author. It appears from
the map that the heavier floes that had moved between the Swedish main-
land and Gotland came from further north, off the archipelago of Stock-
holm. Perhaps these ice-floes had come from as far away as the sea area off
Uts and from even further east.

The number of drifting floes was not large enough, of course, in the initial
stages to fill the entire sea area west of Gotland (»Gotland Sea»). But drift ice
is of great importance. It passes over the sea water not totally cooled by this
time; it leaves behind small pieces, point congelation. So that in. the hard
frost — an average of —20°C — new ice, thickening quickly, was formed
continuously in the broken lanes, even on the wider areas of open water
This helps to explain the presence of the immense ice masses in the
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western sea reaches of Gotland, ice which filled the area with surprising
speed and led to the dramatic navigational developments described above,

It is not in fact rare for ice to be driven westwards in the Gulf of Finland,
and even in the northern Central Baltic area (¢f. Figure 2). But that it
should happen so early and be so clearly traceable is uncommon. The same
reason — ice being driven westward — causes the emptying of the Gulf of
Finland of ice in a very short time in the spring. This would appear to
prove that the Gulf of Finland is an offshoot of the Central Baltic not only
in the stratification of its water mass and its current conditions (WiTTiNg
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TFigure 14. Icel edges in the) northern Central Baltic at conse-
cutive dates in the ice winter of 1942.

1911) but also in the development of ice conditions. On the other hand both
freezing and melting occur in the hydrographically nearly independent
Bothnian Sea and Bothnian Bay themselves, apart from small exchanges
with other sea regions.

C. THE TIME OF FINAL FREEZING OF THE CENTRAL BALTIC, 1942, II. 1—7,

33. In the development of the weather, as reported by ScHERHAG (1948),
the high air pressure formed in Scandinavia towards the end of January
remained very nearly unchanged early in February. The frost continued
hard, whereas the wind was not very strong. Formation of new ice was
very abundant. On January 31, in the eastern area of the Gulf of Finland, as
mentioned earlier, the ice was unbroken. An air reconnaissance flight on
February 4 confirmed this. The ice had by then grown heavy. The situa-
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tion can be seen from a comparison of the air photo taken that day (Pic-
ture 8) with the air photos taken earlier in the same region (Pictures 7 and 6).

But even ice fields as heavy as this can break up. The air reconnaissance
flight flown on the following day, February 5, noted a 0.5 m wide crack in
the ice by the west coast of Suursaari, and a couple of days later another
flight observed a narrow crack to the south of Someri and somewhat further
out from the Finnish coast running in a NE—SI direction. The cracks
described above had probably been opened up in the evening of February
4 when the wind was E—SE, 4 Beautf., but the main reason for their appear-
ance may have been the rapid sinking of the sea level (Hrra 1948).

34. In the Aland Sea, in the northern part of which a small »bridge of
fast ice» had been formed at Mirket and Understen in the middle of Jan-
uary, fast ice had formed in the southern area as well — the entire area of
the field of view of the observation station on Lagskér was reported covered
in fast ice January 80. »The ice bridge of the Aland Sea» thus extended south-
ward. Later, when the central Baltic ice started to move, it was established

Figure 15. Ice reconmaissance flight, 1942, Feb. 2, 1000—1325, over the northern
Central Baltic.
Lxplanations: 1 = fast ice, 2 = small refrozen lanes and openings, 3 = continual
ice cover, with small refrozen lanes and openings here and there, 4 = ice area with
lanes and fairly large openings. No unintexrupted open water was observed in the
whole district reconnoitred. R = flight route.
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that the fast ice extended about 12 sea miles south of Lagskir, with its
edge along the line Kokarsoren — position of the lightship »Svenska Bjorny
(Figure 17). At the same time the fast ice bridge in the northern area of the
Aland Sea spread. According to air reconnaissance flights performed later
it extended from the Tartarus shoal (= about 6 sea miles north of Silskir
Lighthouse) to the Finngrundet shoal. The expansion of the fast ice bridge
to cover the southern area of the Aland Sea also seems to have occurred
previously in such extremely rigorous winters, and trips were made over
the ice from Lemland, the south point of Aland, right across to Stock-
holm (FaGErLUND 1925).

35. An air reconnaissance flight from Finland was flown over the
northern Central Baltic on February 2. Open water was no longer visible, even
though the flight extended quite far south (I'igure 15). Three days later,
February 5, another air reconnaissance flight could not find any change
in the edge of the ice areas in the northern Central Baltic (Figure 16). In the
central parts of the sea, where thinnerice had been reported by both flights,

o
ol

Tigwre 16. Ice reconnaissance flight, 1942, TFeb. 5, 0940—1345.
Explanations: 1 = fast ice, covered by snow, 2 = openings. North of Gotslka Sando
an area of open water, originated with ice moving under SE wind, 3 = fairly even
ice, covered by snow, 4 = weaker even ice, I' = the objects photographed, I'9 =

Picture 9 (in the text), R = flight route.
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there were hig fissures. As can be seen in the plioto taken on the last flight
heavier floes occurred, originating in the Gulf of IFFinland (Picture 9). Most
of the area, however, was covered in rather thin ice, proving that this part
of the Central Baltic had been the last to freeze over on January 29—30.

36. Inthe southern Central Baltic a Swedish air reconnaissance flight had
established on January 31, as mentioned above (I'igure 5), that the ice on
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Picture 9. A fairly recentlyformed ice cover. (Northern
Central Baltic, 1942. II. 5. Air Force photo.)

In the lower part of the picture (1—3) can be seen fairly recently-formed
ice snow-blotted. The thickness of ice, about 10 c¢m, had been established
from the edge of the black opening visible in the middle of the photo (b2).
This confirms the earlier ice reconnaissance flight report that this part of the
northern Central Baltic froze later than the other parts, viz. about January 30.

To the right of the hole is a white ridge of pressured ice with a typically
meandering conrse (¢2—d1l—d2). Both opening and ridge establish that the
ice is in motion.

In the top of photo (ad—d3) is a dark lane. Close to this, on the left of the
photo (a3), are white, heavy floes which probably drifted there earlier from the
Gulf of Finland. ,

the German coast at Kolberg extended about 20 sea miles offshore. On
February 2 an air reconnaissance flight over the same fairway established
that the sea was frozen from the German coast to at least level with Born-
holm. Observation northward of this point to the Swedish coast proved
impossible because of cloud, but according to reports from observation
stations on the south coast of Sweden and from Bornholm this area too
was covered with ice on February 2—3. This is confirmed by the Danish
air reconnaissance flight also (N. 15).

Thus the southern Central Baltic had an ice shield extending from the
west at least as far up as level with Bornholm in the east, and open water
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could only exist further east in the Central Baltic around the basin of
Danzig and northwards from there. It was reported from Germany
(BUprL 1943) that by February 5 the entire Central Baltic
was ilcecovered; this assertion was probably based on the German
air reconnaissance flight performed at that time.

The following day, February 6, hard frost and calm weather prevailed
throughout the Baltic, continuing to some extent on the subsequent days.
This resulted in the ice in the Baltic becoming considerably heavier.

37. Characteristic of the period studied was formation of ice in climatic
conditions distinguished by fairly calm weather and temperatures an average
of — 20°C. The entire Central Baltic was ice-covered and the ice that
had formed last had time to grow fairly heavy before storms of any severity
occurred. A consequence of this was that the shift of ice to the southern
Central Baltic, especially west of Boritholm, was limited, and ice conditions
did not become nearly as difficult as during the winter of 1947.

D, MOVEMENT OF THE ICE, 1942. II. 8—17.

38. At the end of the first week in I'ebruary a centre of low air pressure
had moved from the West to Norway, a consequence of which was that
the wind which had been weak increased to 3—6 Beauf. S—SW, on Feb-
ruary 8. This change in the wind was followed by a fairly sudden rise in
the sea level, about 15 cm, experienced throughout the Gulf of Finland
from Hamina to Degerby in Aland during the day in question (HrLa 1948).
This resulted in an increase in the water in the Gulf of Finland and clearly
had some influence on the ice field. An air reconnaissance flight the next
day, February 9, established that the cracks by Suursaari, reported earlier,
had been pressed together and that water had risen on to the ice above
them.

39. A Swedish air reconnaissance flight on February 8 reported from the
northern Central Baltic that a lane had opened off Sodermanland parallel
to the coast about 25 km or 14 sea miles offshore from Héaradskér Light-
house (LiLimqQurst: [svintern 1941—42). One day later, on February 9,
the wind shifted more to the W—NW and the lane widened. On February
10 an air reconnaissance flight from Finland established that the lane had
actually begun off Uto and started in a SW direction, about 5 sea miles
wide, to outside the Swedish archipelago (Figure 17). In an oblique air
photo taken at about 2 000 m a lane of this width even looks like a rather
narrow, dark ribbon — see upper part of the photo (Picture 10). The picture
also shows smaller lanes. These were formed during the movement of the
ice field and have divided it into sections, even into floes. Movement of
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Fignre 17. Iee reconnaissance flight, 1942, Feb. 10, 1045—1420.
Lxplanations: 1 = fast ice, 2 = broad lane, beginning from Uté and running along
the »extended» fast ice edge in a SWerly direction. The lane is not completely open
but has new ice and large open water areas, 3 = thick unbroken ice cover, 4 =
new ice in the lane, 5 = pressured ice, F = objects photographed, I' 10, 11, 12

= Pictures 10, 11, 12 (in the text), R = flight route.

an ice field does not generally lead to the formation of major open areas,
These smaller lanes can thus be called the »feeding lanes» of the ice field.
The lanes are already partly covered with {hin new ice.

40. In addition to the formation of lanes pressure occurs when the
ice field moves. The biggest pressured ice masses form against a coast or
some obstruction lying to windward of the field. Thus hummocks of ice
had formed on the shores of Gotska Sanddn, stated in a report from Sweden
to be extremely high. Bogskér shoals constitute a similar obstruction to
the moving ice field. They were photographed from the air on the February
10 (Pictures 11 a, b).

Ice conditions around Bogskédr must have been almost similar to those
in the photo, from the descriptions given, in the winter of 1889. In that
vear ice was seen on the sea for the first time on February 8, and during
the frost of —10° —13°C it rapidly grew heavier. On February 13 the
ridges were 25 feet or 7-—8 m high around Veéstra Bogskdr, where the
lighthouse was located, but even then they were 4—5 fathoms or 7—9 m
from the rock itself.
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Picture 10. A lane parallel to the coast. (Northern Central Baltic
south of Iokar, 1942. II. 10, 1205 hours. Height 1 200 m, direction N. Air
Force photo.)

This photo was taken north of Bogskir Lighthouse, looking N towards
the Tinnish coast. Kokar is just visible as a dark spot in the npper right of the
picture (cb). The lane, which is 6 sea miles wide and opens off the fast ice edge
is visible as a dark, horizontal stripe in the middle of the photo (ad—c4).

The light figures in the foreground are pressured ice formations {al—b1l—c1.)
The dark zigzag lines (a3—c2) are typical lanes appearing in the ice when it mo-
ves. During a frost these lanes rapidly cover with new ice and the total area of
the ice field increases. Thus these can be called the »feeding laness of the
raoving ice field. ‘

There was a dramatic change in the development of these conditions
on February 13 in 1889. The wind shifted to SW and continued to increase
in force. On the following day it was raging at 10 Beauf. The hummocks
around Vestra Bogskdr were washed by waves which reached as high
as the top storey of the lighthouse. The iron plates of the outer walls of
the ground floor and the first floor of the lighthouse were damaged by the
storm and water poured in through the gaps. According to the lighthouse
crew of the time the heavy swell caused the damage (ANDERSIN), but it
seems probable that the ice played some part in the accident.

The lighthouse crew, forced to remain in the upper part of the tower,
were afraid that the lighthouse would collapse if the storm continued. On
the next day, however, February 15, the storm began to calm down and
from then until April the sea was covered with dvift ice, which stilled the
swell and was regarded as their salvation by the lighthouse crew. Typical
of the conditions of that time is the fate of the crew. As always in winter
they had to remain isolated in their quarters and news of the damage to
the lighthouse was not received until April 19, when the »Expressy, a small
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Picture 11la. Pressured ice ridges and hummocks. (»Helgo-
land» aground near Bogskir Lighthouse in the northern Central Baltic, 1942,
II. 10, 1200 hours. Height 50 m, direction ESE. Air Force photo.)

Western Bogskar proper, which formerly had a habitable lighthouse and is
now an automatic Aga-lighthonse, is visible right (e4). The rock, which is snow-
and ice-covered, is about 4 m high. This ice is even, probably formed by the
spray from the waves,

In the immediate vicinity of the lighthouse there are some hummocks but
general the ice is level, as it 1s said to have been in the winter of 1889. TFurther
out the rock is surrounded by a belt of hninmocks. This can be seen more clearly
from the enlargement (Picture 11b) and by comparing it with Picture 2 taken
in summer.

On the shore (b1) where the »Helgoland» ran aground is a big pile of ice.
1t was evidently formed during the moving of the ice field (N. 39) when a wide
lane was opened off e. g. Ut and Légskir lighthouses.

Open water has appeared to the north of the ridges. Small, drifting ice
cakes (a4) and very thin ice rind are visible there (b4).

but successful Finnish winter steamer made the first trip through the open
water from Hangé to Stockholm.

41. A photograph (Picture 12) was taken during the air reconnais-
sance flight of February 10, showing the »Ostrobotnia» — icebound as has
already been mentioned -~ towards the end of January about 25 sea miles
SW of the Bogskir Lighthouse. The photo shows pressured ice in the ice
field itself with no real shoal or other obstruction visible. It may be men-
tioned that these pressured ridges by the vessel had formed before the »Ostro-
botniay had got icebound. Then the ice by the vessel remained unbroken,
but about 2 km behind it very heavy pressured ridges were formed.

42. The wind was stiff between I'ebruary 10 and 15, generally SE—SW.
Ice from the open sea started to drift northwards, and a Swedish air recon-



Picture 11b. Bogskar Lighthouse in rigorous winter, 1942.
I1. 10. (An enlargment of Picture 11a.)
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Picture 12. Pressured ice with ridges formed during the
movement of the ice field (»Ostrobotnias icebound in the northern
Central Baltic alout 25 sea miles SW of Bogskéar Lighthouse 1942. 11. 10, 1305
hours. Height about 30 m, direction SE. Air TForce photo.)

The ridges of presswed ice visible in the photo (al—a2 and H2—d2—c3)
are very typical of such formations when ice is in motion in the open sea. An
idea of the size of the formation can be obtained by comparison with the men
standing close to the ship’s stern and on top of a ridge. The ridge appears
to be a good metre above water level, which is abnormally high. The general
course and shape of the ridges is more clearly seen in Pictures 13—14.



Tigure 18. Ice reconnaissance flight, 1942, Feb. 18, 1000—1430.
Explanations: 1 = thick fast ice, 2 = wide lane, covered by new ice, with minor
lanes. I'rom Kopparstenarne the lanes seem to radiate outward, 3 = thick conti-
nnous ice, 4 = open water area SW of Gotska Sandén, I' = objects photographed,

It 13—17 = Pictures 13—17 (in the text), R == flight route.

naissance flight report on February 11 mentions broken ice from the
German coast to off Landsort. This flight thus covered part of the
area of the Central Baltic as well, an area on which no ice reconnaissarnce
flight reports had been made (excluding the possible German reports) since
the freezing of the entire Central Baltic.

On February 18 an air reconnaissance flight went up from Finland over
to the northern Central Baltic (Figure 18). It establishec that the ice round
the »Ostrobotniay was several square kilometres in area and unbroken, and
that the vessel itself was undamaged (Pictures 13—14). In general, however,
the ice field had broken up as can be seen from air photos taken on the
same flight (Pictures 15—17).

When the ice field was set in motion northwards, the old heavy drift
ice far out to sea was seen to be shifting closer to the zone of skerries on
the coast, and the young ice off Utd and Lagskér covering the wide lane
parallel with the coast was observed to drift together and buid up
ice ridge after another. They proved so difficult to penetrate that on



53

[‘”

o

a b c d

Picture 13. A field of pressured ice. (»Ostrobotnias icebound in the
northern Central Baltic abont 25 sea miles of Bogskir Lighthonse, 1942. 11. 18,
1200 hours. Height 1200 in, direction NE. Air Force photo.)

The ridges of pressured ice form a sort of fairly regular network. The two
main directions in which they radiate are T—W (ad—c1) and, with some excep-
tions, at right angles to this direction (a1—b2). Thus the level »plots» (d1) left
between the pressure formations are also regular.

In the immediate vicinity of the vessel the ice field remained immobile
and unbroken. The closed chaunel is seen ait of the ship (a2—e3). It may be
mentioned that lanes were formed further out in the field on February 10—15.
Some of them can be seen in the upper part of the photo (ab).

February 20 when the icebreakers »Jdadkarhu» and »Sisu» tried to reach
the sea from Utd they only made 12 sea miles in two days.

43. The ice from the Central Baltic had started to move during the
period under study as a result of the winds blowing from various directions.
The picture revealed by air photos taken during this period is similar to the
regular picture of events when ice starts moving, e.g. during an earlier
period when the ice drifted from Uté and Bogskér southwards along the
Swedish archipelago. The ice fills breaks, lanes appear, and where the
field encounters an obstruction — even within itself — the ice drifts together
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Picture 14. A field of pressured ice. (The vicinity of the »Ostro-
botnia», 1942, II. 18, 1205 hours. Height 100 m, direction NNW. Air Torce
photo.)

The centre of the photo (al—cl, a2—c2, a3—c3) shows how regnlar
pressured ice formation can be on the open sea. Similar regularity can be
observed in other parts of the picture too. The ridges in the centre of the photo
formed before the »Ostrobotnia» became icebound, i. e. on January 27. The ship
has stopped by a big ridge.

A wide, dark lane can be seen in the upper part of the picture (b4). This
part of the system of lanes formed on February 8 and the following days. The
nunbroken ice (al—a3), many square kilometres in total area, remained in this
state nntil the beginning of March and thus preserved the vessel.

and pressure occurs. During the time it moves the ice field therefore is
exposed to a series of mechanical occurrences, though these events follow a
certain regular course. The sequence of events can be summarized as fol-
lows:

— when the ice field drifts offshore cracks and lanes open
u p which divide the field up into floes. On the other hand pressured
ice forms against the coast on the leeside of the field or against other
obstructions, and in the ice field itself as well.

— when the wind begins to shift, or as a result of the various speeds
at which the different parts of the field are drifting, relative mo ve-
ment within the field of its different parts can occur. As a result of this
the ice field becomes further broken-up and, depending on the wind, can
be »ground» into small pieces.
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Picture 15. Lanes broken in the ice field. (Northern Central Baltic,
in the vicinity of Iopparstenarne, 1942. TI. 18, 1230 hours. Height 1200 m,
direction W. Air Force photo.)

The 4—7 Beauf. S wind of February 12 both pressed the ice field against
the Archipelago and broke it up, forming cracks in it. T'wo days later, when
the wind had shifted to NE, the cracks extended to the lanes seen in the photo.
At the Jeft of the photo (a2) the lanes have grown fairly wide; on the right of
the picture (d2) it can be seen that they have only just opened up and are there-
fore narrow. The typically meandering course of the wide lane (b1—c2) is in
part due to the varying structure of the ice field.

o
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Picture 16. Lanes broken in the ice field. (Northern Central Baltic
in the vicinity of Iopparstenarne, 1942. II. 18, 1233 hours. Height 1200 m,
direction N. Air I'orce photo.)

Ice fields on the open sea of the Baltic are not at all homogenous in strue-
ture, e. g. lower down on the right of the picture (¢1) is a darker arca. This is
thinner ice formed in the »feeding lanes». The meandering course of the broken
lanes owes its character to this varying structure of the ice field and to the
influence of the various winds. The twisting lanes in the left of the picture
(b2) appear to indicate that the different parts of the ice field can be twisted
in relation to one other during the movement of the ice. The alinost straight
lane in the middle of the picture (ad—c3) is full of sludge and ice cakes, in
addition to which new ice has formed at the open points.

(Pictures 16—17 are of the same region and the corresponding points are:
Picture 16: b2 — Picture 17: ¢3.)
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Picture 17. Lanes broken in the ice field. (Northern Central Baltic,
in the vicinity of Ilopparstenarne, 1942. II. 18, 1235 hours. Height 1200 m,
direction NNE. Air Force photo.)

The wide strait in the middle of the picture (c1—a3) has formed as a conse-
quence of the major shifting of the ice field and its division into vast areas.
The short lanes seen in the middle of the picture (b2) were formed as a result
of stresses within the ice field itself, i. e. when the originally almost parallelo-
gram-shaped ice field was pressed between two more extensive ice areas it broke
into floes along the lines of these lanes.
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E. THE ICE GROWS THICK, 1942, II. 18—22,

44. February 18—22 the prevailing weather for almost the entire
Baltic region was frosty, the wind was quietening down.

The ice in the eastern part of the Gulf of Finland had begun to crack
at this time. A crack was observed on an air reconnaissance flight on Feb-
ruary 17. It ran from the west of Suursaari to Kaunissaari (west of Kotka).
Another crack was observed on February 19 to the south of Someri running
in an E—W direction, and a third to the west of Lavansaari running N-—S.
These cracks were probably connected with the changes, small as they were,
in sea level. The tendency of the sea level to sink and the currents
caused by such changes — on which, unfortunately, there are no records
available — must be regarded as the main causative factors in the apperance
of cracks. Changes in-temperature and in sea volume arising from the
main causes obviously play their part in crack formation. The change in
temperature in the day time (about—=6°C) and in the night time (about—13°C)
was about 7°C.

45. The lanes opened in the preceding period in the northern Central Baltic
were covered during this hard frost period with, naturally, new ice. Ice
formation was observed at some points by the air reconnaissance flight
mentioned above which was carried out on Fenruary 18. The forming of
new ice can be seen in a photo taken on that occassion (Picture 18). On
February 21 a Swedish air reconnaissance flight also reported an ice field
between Gotland and the Swedish mainland broken only by a 100—500 m
wide lane on the coast running in a NI direction from Arko past Landsort
(LiLyzqQuisT). A Finnish air reconnaissance flight on the following day,
February 22, established that the lanes in the northern Central Baltic
were finally frozen tight. The development of the ice conditions
had thus reached one of its peak points (Figure 32).

46. With the considerable thickness attained by the ice of the
Baltic some »bridges» of immobile ice were formed, although they only appear
from the reports of the period following. Thus from the Swedish coast to
Gotland, on February 24, a 1—2 km wide lane was reported on the Swedish
coast off Landsort and Arksé. Apparently this lane continued southwards
as far as the northern point of Oland in much the same way, as it was re-
ported by a Swedish air reconnaissance flight on March 3. The same flight
reported the ice between the northern point of Oland and the south of Got-
land to be whole, though a new lane had started from the middle of Oland
southwards. Also on March 3 the I'innish icebreaker »Sisw reported fast
ice from a point 30 sea miles SSE of the northern point of Oland. Thus it
can be concluded that a »bridges of immobile ice had formed between the
south of Gotland and north of Oland. This had occurred earlier during
gsevere winters only, last in the winter of 1838 when the mail was carried
over the ice from Visby to Oland (SprErscHNEIDER 1915).
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Picture 18. The lanes opened up in moving sea ice are
coverd over with new ice. (Northern Central Baltic, 1942, II. 18,
1210 hours. Height 800 m, direction NW. Air Force photo.)

In the middle of February the ice field of the northern Central Baltic sea
was broken up by stiff winds, as can be seen from earlier pictures. The hard
frost resulted 1n new ice forming over the lanes. The ice rind formed during the
wind seems to have piled up against a heavy floe, evidently formiug the striped
area in the lower left of the picture (al—a2). The rest of the lane was probably
covercd a little later and seems now to be full of circular-shaped fragments.
This kind of new ice structure can be seen quite clearly at the edge of the
above-mentioned striped area (b®), where a lane had existed receutly.

In spite of the decreasing wind the ice field is in a state of constant motion,
judging by the new lanes formed (a3—ad4) and the rafting of new ice. The latter
phenomenon can be clearly observed in the right of the picture (c3, e4) between
heavy snow-covered ice floes.

A similar »fast ice bridge» was to be found further south, extending from
the Swedish coast to Bornholm. Such a »bridge of fast ice» appears only
in very severe winters. It was possible to cross the ice on foot in winter
1838. But for the channels left by the icebreakers, it would, as SPEER-
SCHNEIDER (1927) points out, have been possible in the winter of 1893.
It is probable that the fast ice bridge in the winter 1942 was formed on
February 19. The Hammeren Lighthouse on Bornholm reported fast ice
in its field of view from that day (Baltic ice code = 67) and Simrishamn
on the Swedish coast veported at the same time that the situation was
unchanged, i.e. heavy pressured ice (Baltic ice code = 84). »The Bornholm
fast ice bridge» must have been very narrow since later on March 2 Hand
{east of Simrishamn) and Sandhammaren (west of Simrishamn) reported
that the ice was broken in their field of view.
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47. Ice conditions became difficult off the Pomeranian coast at the
end of February. On February 21 a Swedish air reconnaissance flight
reported a narrow fast ice edge off Kolberg followed by a 40 km or 22 sea
miles wide zone of drift ice and pressured ice, and finally unbroken snow-
covered ice as far as the Swedish coast (LiLsmQuisT). Further west, off
the German coast, a wide area of immobile ice apparently existed since,
as late as March 11, when the »Sisu» was assisting the IFinnish steamers
»Canopus» and »Rigely from Swinemiinde northwards, the convoy spent
the first night at the fast ice edge 17 sea miles to the east of Bornholm.
It may be mentioned that the sea west of Bornholm had been covered by
immobile ice in the winter of 1947 too (Pramm 1951).

»A fast ice bridge» typical of severe winters was also formed in Feh-
marn Belt in the winter of 1942. How long it lasted this winter is not clear
from the material available, especially as navigation in this area had come
to a standstill because of the ice.

48. Thus during the period now under review, with frosty weather
and a weak wind prevailing, the ice of the open sea in the Baltic grew con-
siderably heavier. As is evidently characteristic of such severe winters
sfast ice bridges» were formed with clearly defined areas, e.g. the Gotland —
Oland, Bornholm — Swedish coast and Fehmarn — Laaland bridges. But
the ice on the open sea of the Central Baltic did not remain immobile
during the following, windy period, though it moved in a fairly limited
manner.

F. THE EVENTS OF MIDWINTER, 1942. II. 23—IJII. 19.

49. The frosty weather accompanied by calm weather which had started
about the middle of February, continued until towards the end of the month
without the wind rising until I'ebruary 23. On the 23rd it increased, from
time to time reaching 5 Beauf., SW. This broke up the ice. As the wind
shifted to N on the next day a lane was opened up SW-wards from Uto.
The weather being practically calm on the following two days, the ice
moved only slightly, and on an ice reconnaissance flight on February
27 from Finland the position of the lane was observed (Figure 19). When
the wind increased again on March 2 to 6 Beauf., N—NW, the ice hegan
to move offshore. On the same day a Swedish air reconnaissance flight
reported the width of the lane south of the skerries of Aland to be
5—7 km or 3—4 sea miles wide (LiLsrqQuisT). The beginning of this lane,
short and narrow, is just visible in Figure 19 about 10 sea miles south of
Lagskdar. An air reconnaissance flight from Finland on March 3 established
that the lane extended, wide throughout, past Bengtskér Lighthouse
to the east as far at least as the area of the skerries of Bard, i. e. to near



61

Tigure 19. Ice reconnaissance flight, 1942, TFeb. 27, 1200—1545.
Explanations: 1 = thick fast ice, snow-covered, 2 = lane, width approx. 200—400
n, from Uts to Bogskiar. A small open water area south of Ligskir, 3 = continuous
thick ice, b = pressured ice zones, navigability in the northern Central Baltic very
difficult, F = objects photographed, R = flight route.

Inset sketch (in the right-hand margin): the old navigation channel close to Uté
showed that the sea ice had moved 100—200 m eastward (generally it moves
westward).

Bagaskir Lighthouse. It was rapidly covered with ice during the severe
frost (Picture 19).

50. As appears from the description above, the ice in the northern Central
Baltic began to drift in the farthest reaches of the sea, about level with
Bogskar, and then continued, as it generally does in such cases, close to the
outer skerries. Both on the open sea itself and in the area where the »Ostro-
botnia» was icebound the ice broke up earlier on this occasion, as appears
from the air photo taken on the same day, March 3 (Picture 20). The cap-
tain of the »Ostrobotnias said that the pressure in the ice field was very strong
and some large ice floes were left standing on their edge. By the vessel,
however, the ice seems to have remained unbroken and continued to pro-
tect the vessel until the icebreaker »Jadkarhu» arrived on the same day
to assist her to Uts. A similar situation arose in winter 1916; the ice around
the »Ariel» and the »Lapponia», icebound in the Bothian Sea (N. 14), broke
up and the vessels were in a dangerous position. The sLapponia» succeeded
in getting back into immobile ice, but the »Ariel» was crushed by the pres-
sure and sank.



Pictwre 19. New ice and ice formation in a newlyopened
lane. (Off Uté Lighthouse, 1942, I1I. 3, 1016 hours. Height 500 1, direction
NE. Air Force photo.)

The skerries of Uté are seen in the middle of the picture (b5), in coastal
fast ice covered with snow. A wide lane (dark part in the picture) begins about
3 sea miles to the south (e4). This lane is already partly covered in thin, new
ice and in parts ice is just forming. Thus it shows ice rind of different ages.

Closest to the fast ice edge is a light striped area (a3—c3) in which »ice film»
can be seen in the form of parallel stripes, evidently a resnlt of the wind (cf.
Picture 1). The »ice film» ends in a lighter area (b2—c3) which has formed right
at the fast ice edge and has then been detached by the wind and drifted further
seawards.

At the bottom of the picture is an area of broken new ice. The parts in
the lower left area (bl) are separated from one another. The rectangular-shaped
pieces, regularly repeated, are clear proof of how the wind breaks and scatters
the ice.

The light-colowred, curved edges (al) of the broken pieces of ice on the
weather side are apparently the result of drifting sice film» accumulating against
these edges.

The broken pieces to the right of the picture (d3), on the other hand, pro-
bably met some obstacle, i.e. thick drift ice and tended to pile np to some
extent.
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Picture 20. Breaking up the ice field and the opening
up of lanes far ont to sea. (Northern Central Baltic in the vicinity
of the »Ostrobotnias some 25 sea miles SW of Bogskdr Lighthouse, 1942.
111, 8, 1100 hours. Height 200 m, direction SE. Air Force photo.)

The broken lanes and cracks have divided the ice field up into parallelo-
gram-shaped floes (b3, bb, b6). Lanes have opened up in the even ice (b4) as
well as along the pressured ridges (b7). To the left of the vessel the lane has
opened also along the pressured ridge (a2) which has fallen down into the water.
In the lane (b1) can be seen the rippling typical of the surface of open water.
Shidge and ice rind have drifted together to the lee of the lane (h2).

The new ice formed in the wide lane off Ut6 was in constant motion
as it lay between two heavier ice masses (Figure 20). With a fairly weak
wind this new ice too began to come under pressure. It drifted into a pile
but did not yet begin to build up pressured ice (Picture 21).

51. At the end of February the ice began to move in the southern Central
Baltic as well in the north. The Germans regard this stage of the ice winter
as its peak, and thus the new frost period that started at the beginning of
March was regarded as a return of winter (Lisbericht N:o 68/1942, II. 28).
Night temperatures were still quite low at that time, but day temperatures
increased quite considerably becauce of solar radiation (Figure 11). Around
this period, with the stormy E winds that came on March 4, the ice bridge
from the Swedish coast to Bornholm broke up.

52. Movement of the ice at the end of February and the beginning of
March, taking place as described above, must be regarded as a typical
midwinter phenomenon for the northern Central Baltic, a decrease in the
amount of ice starting later. But in the southern Central Baltic sea ice
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Figure 20. Ice reconnaissance flight 1942, March 8, 1000—1405.
Ixplanations: 1 = coastal fast ice, snow-covered ice, 2 = lane parallel with coast.
It begins from Jussaré Lighthouse approx. 400—500 m wide and runs westward.
At Uté the lane widens considerably. It is covered with thin iee, with numerous
open places. In its western parts, closest to the Swedish coast, this new ice is thin-
nest, 3 = heavy ice on the open sea, snow-covered. There are lanes here and there in
the ice-field. "The first transversal lane at Bengtskir Lighthouse, width of lane
approx. 1 m. T = objects photographed, ¥ 21 = Picture 21 (in the text). R = flight

rounte. 10.20 = time of plane flying over the spot concerned.

movement at this time of spring is taken as a sign of the arrival of
spring and the amount ice generally begins to decrease from then on,
though it can sometimes be delayed by a colder weather period arriving
later. This phase from midwinter to the early part of the spring is
characteristic of the culmination of the ice winter of the open sea
of the Baltic, more fullu explained below.

G. THE CULMINATION OF THE ICE WINTER, 1942. III. 20.

53. By the culmination of the ice winter the author means the state
prevailing prior to the definitive withdrawal of the ice and its diminution
towards final breaking up.

In northern Danish waters, where the freezing had extended across
the Kattegat and Skagerak at the beginning of March, this phase was
passed on March 14. It was then that the ice of the open sea in
these regions was broken up by a stiff SE wind and drifted westwards
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Picture 21. A typical example of the rafting of snow-free
young ice. (About 8 sea miles west Uto Lighthouse, 1942, III. 8, 1120
hours. Height 800 m, direction NNE, Air Force photo.)

The picture shows the fast ice edge (ad—c4) and on this side of it snow-
free ice of different ages formed in a wide lane that opened up on March 2—3.
The ice seems to be quite thin closest to the fast ice edge (a3—c3). Further out
it is heavier and light, snow-covered floes appear in it (b2). In the cowrse of
the opening-up of the lanes the old pressured ice from the sea has moved right
outside the photo.

With the shifting of the wind (earlier from the N) on March 6 to W and later
to SW the snowfree ice formed in the lane was pressed by old, heavy ice masses
which broke it up and cause rafting (b1). The photo gives an idea of the changes
that can occur in snow-free young ice in the open sea. The strength of the wind
on this occasion was 3—4 Beauf.

along the west coast of Sweden and south coast of Norway until it melted
and disappeared. There was no new ice formation and the sea in these
regions remained open. M arch 14, therefore, can be taken as the date
of the culmination of the ice winter in northern Danish waters.

54. The same stiff SE wind of March 14 broke up the ice further south
as well and drove it offshore from the German coast. But there was no
diminution in the quantity of the ice. Some 3—4 days later, however, when
the day temperature was a few degrees above zero centigrade, the ice prob-
ably began slowly to weaken in spite of the night frosts. A stiff SE wind blew
and, on March 19, a zone of open sea or very little ice was formed, 30 sea
miles wide, here and there along the East-Pomeranian coast (Eisbericht
N:o 88/1942. III. 20). The zone thus opened did not close again later, even
when the wind blew from a favourable direction. This was probably because
the ice began vapidly to melt. Thus March 19 can be considered the
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day on which the southern Central Baltic passed the culmination of the
ice winter.

56. The high air pressure maintained clear weather and strong night
frosts over the northern Central Baltic in the middle of March. A centre of high
air pressure was located in central Sweden on March 19. On the following day
the centre had moved to the east of the Central Baltic and was succeeded by an
area of deep low pressure. The wind increased to 4 Beauf. SW, and with
it even the ice in the western parts of the Gulf of Finland was set in motion.
It was reported from Fstonia that a lane had opened up in the southern
part of the Gulf of Finland westwards 5—6 sea miles from the northern
point of Osmussaar and on past the Point of Ristna in the north. The wind
gained in strength during the next few days and shifted to W; the lane on
the Estonian coast closed up and the broken ice of the entire northern Central
Baltic began to drift to the eastern region of the sea. Simultaneously a lane
opened on the east coast of Sweden, growing very wide (LinsmQuist), and
it extended to Ut in the north. As the wind gained in strength the weather
became milder overall — the temperature registered no considerable minus
reading for the next few days. Hence no new ice was formed and the floes
did not bind together. The time when the ice began to break up, i. e. the
time when the wind grew stronger — March 20— can thus be consid-
ered as the date of culmination of the ice winter in the northern Central-
Baltic. '

As is evident from the foregoing the culmination of the ice winter is connec-
ted above all with wind conditions, though temperature conditions participate.
It must be remembered that the wind had already caused a break-up of
the ice of the Central Baltic at the end of February, but the »second win-
ter» that followed on reinforced the ice field and divided the midwinter in
two parts. The diminution of the ice which began on March 20 was con-
nected with both wind and temperature, as a result of which the culmi-
nation of the ice winter of the northern Central Baltic was very marked.

56. Because of two-parted character of the midwinter the passing
of the culmination of the ice winter cannot, however, always be determined
with such exactness, In the winter of 1941, for instance, the ice cover
in the middle of February extended quite far out and open water could
only be observed from about level with the southern point of Gotland
to the Gulf of Danzig (Ostmaw 1941). The ice winter of the southern
Central Baltic culminated about this time when the ice became broken
up at the end of the month and drifted e.g. from the Pomeranian coast
out to the sea and with the increasing air temperature began to melt
and disappear (d4tlas, Deutsche Seewarte 1942). The ice broke up in the
northern Central Baltic at the sae time, i. e. at the end of February. At the
beginning of Marchice e. g. from Uto6 drifted southwards. The »second winter»
covered over with thin ice the lanes that opened up in the northern Central
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Baltic and the outer edge of the broken ice broke finally much further south
than it had in February. The ice reached its furthest extent in the northern
Central Baltic, therefore, at the end of March in spite of the fact it had time to
diminish from its February level. As, in addition, within the region of the
Archipelago Sea the fast ice had softened in places early in March and the
sounds with the strongest currents were open, the spring phase had started
by then. The decisive factor in determining the culmination is that in
the phase of early winter must be included the phases in which the diminu-
tion continues to lead to an early winter phase. After the culmination
diminution leads again to spring conditions (Jurva 1937).

In cases like the winter of 1941, when it is difficult to determine the
exact time of culmination of the ice winter, a longer period must be taken for
study, i. e. the period covering all the phases to be included in the period
of culmination. This point of view has been followed by Jurva (1937) in
this classification of ice conditions into three main groups: 1) the time of
growth of extension of the ice, 2) the time of the maximum extension of ice
and 3) the time of diminution and disappearance of ice. ARNOLD-ALABIEFF
(reported by STARKLE 1936) determines the general progress of the ice win-
ter in the same way. For conditions in the eastern Gulf of Finland he has
determined the following times: 1) the time of growth of the ice, from the
beginning of the winter for about 80 days or until the middle of February,
2) the time of maximum extension of ice, from the middle of February to
the middle of April and 3) the »ice springy, from1 the middle of April to the
end of winter or the middle of May.

H. THE TIME OF WIDE AREAS OF OPEN WATER, 1942, III. 21—IV. 4.

57. The definitive culinination was followed in the northern Central Baltic
in general by an occasional stiff W—SW wind and milder weather. The
lane from Uto SWwards — mientioned earlier in the section on culmination
— remained open during this period. This was established by e.g. air recon-
naissance flights from Finland on March 21 and from Sweden on March 23
(LinsmquisT). On March 26 the wind shifted to NW—N, strength 5—8
Beauf., and the weather became colder. The ice from the northern Central
Baltic drifted still further southwards. Thus an air reconnaissance flight from
Finland on March 29 established a very wide area of open water in the northern
Central Baltic (Iigure 21). The open ‘water stretched from off Uto as far
south as the eye could see. According to Swedish reports Gotska Sandén
was in open water, but further south the area of open water narrowed to a
width of 10—20 km or 6—11 sea miles, as a Swedish reconnaissance flight
reported on March 30 (Lmsequist). The frost had led to the formation
of thin new ice, as appears from the photo taken in the vicinity of Bogskér
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Figure 21. Ice reconnaissance flight, 1942, March, 29, 0810—1100.
Lxplanations: 1 = fast ice, 2 = lane beginning from Jussaré Lighthouse. Close to
Uto the open water expands into open sea, its eastern edge southwards from Ut
some sea miles and then tnrning SW towards Gotland, 8 = old thick snow-covered
ice, in movement in its entirety, 4 = ice rind or thin new ice. Close to the fast
ice edge the new ice has drifted together, b = immobile ice with ice ridges. The
pressured ice by Ligskir is in two zones, close to the cdge of the fast ice. I' =
objects photographed, F 22—2b = Pictures 22—256 (in the text), R = flight ronte.

(Picture 22). But a prerequisite for this type of ice is that the surface water
remains cold and the wind weak — which in fact was the case on March 29.
In spite of the weak wind a thin new ice in the spring like this can be set in
motion and drift into piles, as can be seen from the photo taken at the time
(Picture 23). It may be mentioned that the sea traffic to Finland, which
until then had been routed via Landsort to the archipelago of Stockholm
and from there through the Aland Sea to the Archipelago Sea, could now
make a course direct from the sea to Utd.

The air reconnaissance flight map of March 29 showed that in addition
to the ice of the open sea the ice of the fast ice edge also was broken in its
outer parts. The apparent cause of the break-up was the swell, as appears
from the photos taken in the vicinity of the Bengtskéir Lighthouse (Pic-
tures 24 and 25).

New ice must have been formed on the open sea during the night frosts
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Picture 22, The wide area of open water of the morth-
ern Central Baltic] and the piles of pressured ice
around the ridges of Bogskdar. (Bogskir Lighthouse, 1942,
I11. 29, 0940 hours. Height 100 m, direction NNW. Air Force photo.)

The lane that originally formed off Uté on March 21 was widened out
to a broad stretch of open water by the stiff NNW wind of March 26 and
now extended southwards beyond Bogskiar Lighthouse. The lighthouse rock,
visible at the left of the photo (a2), is already snowless. But high piles of ice
still exist around the rock and the ridge in the middle of picture (¢3 = on
which the »Helgoland» is stranded) as well as on another roclk still further
out (bb).

The open sea around Bogskir is partly covered by the thin ice set in motion
though not totally sswepts away by a weak wind. A result of the ice movement
can be seen to the left of the ridges where there is an area of thin ice that has
piled np (b4) and to the east of the lighthonse wlhere there is an area of thin
ice that has piled up (b4) and to the east of the lighthouse where there is open
water (d1). The piling of thin ice can be seen more clearly in Picture 23.

at the end of March. But this new ice, only one night old, melted away
for the most part in daytime. Thus in their major features ice conditions
remained more or less unchanged (I'igure 33).

58. The time of wide areas of open water described immediately above
began with the wind breaking up the ice of the open sea, though there was
no real diminution of ice volume in spite of this. Thin, new ice was formed
on the open sea at night, but the ice volume was unable to increase. Yet
there was no diminution of the ice volume either, and hence the frosts of
this period could only delay the coming of spring.
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Picture 23. The pilingup of thin ice formed in an area
of extensive open water. (Northern Central Baltic south off Uts,
1942, III. 29, 1000 honrs. Height 30 1n, direction W. Air Force photo.)

The piling-up has occwrred in the form of snccessive belts of ice (b1, b2, a3,
ad). Within each band the pieces have sdovetailed» into one another (b2), which
is typical. The entire figuration of the area photographed is very regnlar and
uniform in shape.
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Picture 24. Ice broken by the swell from the fast ice
edge, floating in a wide area of open water. (Off Bengtskér
Lighthouse, 1942. IIL. 29, 0900 hours. Height G600 m, direction NNW. Air
Force photo.)

The parts detached from the fast ice edge are frozen solid and further in the
background of the photo (ab—cb) is more level fast ice. A SW wind (i e. a wind
blowing across the picture from lower left) has broken up a part of the fast ice
edge. Next the sea swell against the fast ice edge broke it into cakes, some of
which were sgrounds to thick sludge (b4—d2).

On March 27, when the wind shifted to NW—N, the broken pieces moved
along the fast ice edge (to the right) and close drift ice or a pressured zone was
formed — as is typical — at the border of the open water (b2). Right on the
edge of open water the cakes are more sparse (b3), as can be seen from Picture
25. The open water surface, at the time the plioto was taken, was covered in thin,
new ice (ad).

71



72

Picture 26. Cakes broken off the fast ice edge by swell
(Off Bengtskidr Lighthouse, 1942. TII. 29, 0903 hours. Height 400 m, direction
NNIE. An Force photo.)

The area shown here corresponds to the area of floes closest to the open
water border as in Pictwre 24. The angular shape of the cakes and the fact
that some of them still earry nneroded pressured ice formations (al, b2) are
convineing evidence of the fact that the floes originated in the fast ice edge
and that the ice was very ssteely» at the time.

The picture also reveals that the new ice seen in Pieture 24 has started to
move and pile up (a3).
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I. THE MELTING AND DISAPPEARANCE OF ICE ON THE OPEN SEA OF THE
CENTRAL BALTIC. 1942. IV. 5—25.

59. The night frost at the beginning of April was losing its force and a
weak SW current of air entered the Baltic. The wind set the ice in the
southern Central Baltic in motion and a wide lane opened up in the
western areas of Méen and Riigen as the ice drifted towards the southern
coast of Sweden. The area of open water further east, on the Pomeranian
coast, grew still larger. The warm weather, night temperature now over
0° C, quickly weakened the fast ice of this section of the coast and it broke
off and drifted out to sea.

60. On April 5—6 a wind from the same SW direction set the ice of the
northern Central Baltic moving. This resulted in the wide area of open water
off Ut6 decreasing overall, and it was even closed in places. The ice ceased
to move about April 12 with the arrival of high air pressure conditions
and the calming of the wind. An air reconnaissance flight from Finland
on the following day observed abundant drift ice in the northern Baltic,
but quite extensive stretches of open water were now seen to appear between
the floes (Figure 22). Similar conditions were created in the sea region

= i
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Tigure 22. Ice reconnaissance flight, 1942, Apr. 13, 1130—1425.
Explanations: 1 = fast ice, from which snow has begun to melt, 2 = lane beginning
from Jussaré Lighthouse nearly in the same way as in Figure 21. Width of lane at
Bengtskir approx. 1 sea mile. Off Uté the lane widened, further west fog covered
the sea area, 3 = ice-field composed of large ice floes, 4 = open places that had
appeared at certain points inside the fast ice edge, 5 = immobile ice on the open
sea from which snow lad melted, 6 = immobile ice on the open sea, snow covered,
I = objects photographed, ¥ 26—27 = Pictures 26—27 (in the text), R = flight

ronte.
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Tigwre 23. Tce reconnaissance flight, 1942, Apr. 18, 0915—1325.
LExplanations: 1 = dark fast ice, 2 = lane westward from Jussaré Lighthounse, 3 =
open drift ice, large floes, dark, fragile ice, 4 = open places. From south of Bogskir,
lanes ranning E—W, growing in size the further south they are, 5 = immobile ice,
6 = partly broken fast ice, F = objects photographed, I' 28 = Picture 28 (in the

text), R = flight route.

west of Gotland where, according to a Swedish air reconnaissance flight
on the same day, April 13, as much as 40 per cent of the area was reported
open (LILJEQUIST).

61. The temperature remained high, in the night as well, and its in-
fluence was seen in the »toughening» of the ice. This was established e. g.
when the »Sampo» and »Sisusy were at work off Landsort on April 14—15
the icebreakers did not break up the ice in the usual way — the ice bent
and was then finally torn up. The icebreakers found themselves icebound
from time to time, nipped between ice which was bent as though »under
tensiony, and it proved very difficult to get under way. Thus for a couple
of days the work of assistance became more diffcult than usuail, although
conditions in general seemed to be fairly easy (Figures 23 and 34).

The spring weather led to melting of the snow on the ice, especially
in the region of the archipelago close to the coast where it turned to slush,
as can be seen from the photo taken in the region of Baré archipelago (Pic-
ture 26). The melted water ate into the ice under-surface and not even the
night frosts were able to delay the process to any mentionable extent al-
though they did result in the freezing of the surface layers of the slush into
ice some centimetres thick. Coastal observation stations, e. g. Bardsund, re-



7

Picture26. Levelice at the coastal fast iceedgeinspring.
(Region of the Baré Archipelago, 1942. IV. 13, 1155 hours. Height 1 000 m,
direction N. Air Force photo.)

The snow completely covering the ice has begun to melt, and on both sides
of the old channel (a2—c1) made by an icebreaker at the beginning of winter the
ice shows bare spots in places (b2). Closer to the skexrries (b3) the ice is almost
completely bare. The slush formed from the melting snow on the ice gives it a
dark appearance in the photo. According to measurcments made at Barésund
pilot station the slush on the ice was 6—10 cm thick.

During the following cold nights an ice cover about 1 cm thick was formed on
top of the sludge, but it melted away during the day. This sort of partial freezing
of the slush lying on the ice surface, especially in more northerly regions, is the
cause of the varying thickness ascertained by measurements of the total depth
of the ice in spring (¢f. BruTncex 1937).

dorted on April 21 that the ice had sdrieds — this was due to the fact that the
melting water had eaten holes right through the ice, letting the water run
away. As far as navigation was concerned this weakening of the ice in
the archipelago meant that scarcely any assistance was now required in
the fast ice zones. But assistance is needed later on at the moment of
breaking up of the ice.

The snow lying on the ice of the open sea also began to melt, though
more slowly in the region of the archipelago and close to the coast. Because
of the unevenness of the snow cover the ice became uncovered in patches,
especially close to ridges of pressured ice where snow drifts had formed
during the winter (Picture 27).



Picture 27. The belt of pressured ice off the fast ice
edge in spring. (I6kar, onter sea, 1942. IV. 13, 1320 honrs. Height 300
m, direction N. Air [Force photo.)

In the foregronnd can be seen pressured ice formations fromn the more level
areas (bl) of which the snow has wmore or less melted away. There is still a
little snow on the ridges (b2), thongh in drifts, and they show up lighter in
colour against their background. In the middle of the picture (a3—b3) is a
light-colored belt of pressured ice formed during the winter by the pressure of
the moving ice against the fast ice edge. In the background.(ad—b4), partly
obscured by mist, begins the level fast icc of the Archipelago Sca.

The photo as a whole shows how much the structure of an ice field actually
varies. This variation can be clcarly seen when the snow is melting.

Influenced by the temperature the ice weakened still further, as can
be seen in the photo taken on April 18 (Picture 28). The pressured ice forma-
tions are unchanged in their main features, but a noticeable difference is
the fact that the dark ice is studded with dots, apparently holes in the
ice. The more level areas of the ice melted rapidly after this and only the
pressured ice remained, as appears from photos of the Gulf of Finland and
north of Aland taken later (Pictures 29, 30, 32).
i3 62, On April 23 the wind, earlier calm or weak and blowing from SW,
shifted to N and increased, from time to time reaching 4 Beauf. On the



Picture 28. The belt of pressured ice of the outer parts
of the fast ice edge, in the first stages of disappear-
ance in spring. (Barb, outer sea, 1942. IV. 18. Height 400 m, direction
NNE. Air I'orce photo.)

The pressured ice formations are alinost identical in form with those in
Picture 27. A major difference here, however, is that small openings now appear
to be forming in the ice (black spots, especially left in the picture = b1). Once
the level spots had completely melted away only the thicker parts of the ice
field remained (d2—aB8). This situation is illustrated by Picture 32 taken
north of Aland later in the spring.

7
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Picture 29. Ice field of the open sea breaking up in the
spring. (Gul of Finland, south of Pellinki, 1942, May 3, 1415 hours. Height
30 m, direction SE. Air Iorce photo.)

The field of the open sea, that had been frozen solid, has broken up into
floes in the spring. The field reveals both old pressured ice (al) and new
pressured ice (¢2). The area is very uneven throughout. The ice is still snow-
covered throughont. Sealers, whose boat is seen in the centre of the photo (h3),
carry out difficult sealing trips through this type of ice.



Picture 30. Pressured ice of the outer parts of the fast
ice cdge inthe spring. (Northern border of the Aland Archipelago,
1942. V. 12, 1120 hours. Height 30 m, direction N. Air Force photo.)

The ploto illustrates a type of pressured ice in which the pressure probably
occurred fairly late and no snow drifts formed against the ridges (a2—b3). The
ice field has a number of stretches of open water (c1) and the entire area seems
to be loose. The ice itself is white, perhaps fragile, spring ice.
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Picture 32. The spring pressured ice, in the second stag-
es of disappearance. (Northern border of Aland, 1942. V. 12, 1128
hows. Height 300 m, direction N. Air Force photo.)

The level spots in the ice field had melted away. Only thicker parts and
ridges of the ice field remain (bl) and even those are in process of melting. At
this stage of melting the pressured ice is easily set in motion to the open water
(a2—c2) and remnants of pressmred ice like this are usually the last ice
encountered in the Baltic region in spring.
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Tigure 24. Ice reconnaissance flight, 1942, Apr. 23, 1010—1345.
Lxplanations: 1 = dark fragile fast ice. In the Baré Archipelago there is only a
narrow zone of ice; the inner bays are already open, 2 = scattered ice floes, I =

objects photographed, I 31 = Picture 31 (in the text), R = flight vonte.

following day the wind was further N, varying 5—6 Beauf. Then the ice
of the open sea off the fast ice edge of the Finnish and Swedish coast began
to drift out to sea, where remnants of ice were to be found (Figure 24).
Occasional pressured ice also appeared on the sea, as well as fragments
formed from the hummocks detached from the rifts (Picture 31). On May 4
ships reported having met ice for the last time in the open sea of the northern
Central Baltic near Gotska Sanddn. In the southern Baltic the ice pressed
against the south coast of Sweden and skerries of Denmark broke off on
May 5 and drifted out to sea. Ice was reported as late as May 15 (Is- og
Besejlings Iorholdene 1941—42).

63. As the temperature during the period studied was comparatively
high, especially from the time when the night tempera-
ture grew higher than 0°C, the ice melted rapidly. Noticeable
is the weakening of the more even places in the ice field and their
subsequent melting. This was very important for navigation since
once the ice weakened it was no longer able to link the pressured ridges
together and keep the ice field whole, and e. g. parts of the pressured
ice ridge gave way to the force of an icebreaker and made assistance
a comparatively easy matter. Once the level parts of the ice field had
melted completely the remaining thicker pressured ice formations became
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completely detached and were set in motion by wind and sea currents,
drifting out to the open sea, even considerable distances.

The development is of the following order: first the areas of
open water increase; the ice of the more even
parts of the sea ice weakens and melts; the subse-
quent greater mobility of the remaining frag-
ments of heavy pressured ice is characteristic of the end
of the winter not only in the Central Baltic but also in its bays, i. e. the Gulf
of Finland (Figures 25—28) and the Bothnian Bay regions. The last ice, i. e.
scattered floes, was reported in the Gulf of Finland region by the air
reconnaissance flights on May 27 over Haapasaari and Suursaari. The
last fragments of the Bothnian Bay were reported to have disappeared
off Ajos on June 13.

a b

Pictiwe 31. A pile of ice preserved on a ridge breaking
loose in spring. (Bogskir Ridge, 1942. IV, 23,1125 hours. Height 500 m,
direction WSW. Air Force photo.)

Although there was open water aronnd Bogskér big piles of ice continued
on the ridges (b2 and b3) for a long time, preserving the »Helgoland» in their
midst. The rising sea level on April 23 led to the hreaking loose of the ice in
the sea, and the swell in particular broke it up into cakes (al). Occasionally a
bigger block of ice conld be detached from the ridge and, unchanged in form,
drift forther ont to sea.



a

Picture 33. A fast lce edge in the spring dissolving in
the region of the inner skerries. (The centre of the Archipelago

Sea, 1942, V. 12, 1406 hours. Height 300 m, divection N. Air Force photo.)
As ice in the inner Archipelago Sea cannot move it melts where it forms.
The ice seen in the picture (al) is very porous and it allows pools to form (a2).
The final melting of the ice can take place very rapidly, in one or two days.
In the more extensive areas of the open sea, e.g. Western Hanko, Gull-
krona, Skiftet and Delet, the wind sets the ice moving, the ice drifts to the open

sea and melts there.
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1942.¥.3

Tigure 25. Ice reconnaissance flight, 1942, May 3, 1315—1545.
Txplanations: 1 = fast ice, 2 = wide Tane begins from Vaindloo and runs via Runskeri
and south of Pellinki to off Helsinki. Further in the west the lane widens into open
water. 3 = dvift ice, with plenty of lanes running N—S, 5 = drift ice frozen over, I =

objects photographed, I 30 = Fig. 30 (in the text), R = flight route.
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Tigure 26. Ice reconnaissance flight, 1942, May 7, 0700—0900.
Explanations: 1 = fragile fast ice. Swmall cakes broken off from the onter fast ice border
area. The bays of the] coast were open. 2 = a lane begins from the region of Tamnio
and widens into open water in the region of Pellinki. 3 = driff ice, fragile from Runskeri
westward; plenty of openings and pools in the area. Last of Runskeri the ice is more
solid, with local pressured ridges. High hummocked ice on the shores of islands. 5 =

solid-frozen drift ice.



Figwre 27. TIce reconnaissance flight, 1942, May 14, 0700—0910.
Explanations: 1 = fast ice, {ragile. Inner bays open, and pools in the central area.
3 = fragile drift ice, small floes. 4 = fragile ice or sludge. |I' = objects photographed,

R - tlight route.

e — e — — — = e e

1942.¥.20

Figure 28. Ice reconnaissance flight, 1942, May 20, 1350—1550.
LExplanations: 1 = easy fast ice in the region of Tammnio. 3 = fragile drift ice east of
Haapasaari and in the region of Lavansaari and Tytdrsaart.
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Tigure 29. Ice situation Dec. 19, 1941.
Explanations: 1 = fast ice, & = drilt ice, frozen solid, 3 =
drift ice, loose, 4 = new ice, b = sludge. 23 = the thickness

of ice 23 cm.
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1II. OTHER SEVERE ICE WINTERS.

64. In order to study the general character of severe ice winters and
to make comparisons with those severe ice winters on which adequate
observation material to meet scientific requirements is available, i, e. the
winter of 1942, discussed above, and the winters of 1940 and 1947, it is
necessary first to give a brief description of the freezing of the open sea
during these few severe ice winters.

A. THE FREEZING OVER OF THE CENTRAL BALTIC IN THE WINTER OF 1940.

65. As regards development in the winter of 1940, as ScurrmAG (1948)
points out, a remarkable feature is the development typical of many severe
winters, viz. that the atmospheric pressure was found to be remarkably
high in the polar region on the Greenland side as early as in December.
Several frost cycles in fact were observable in the Baltic region in Decem-
ber and early January.

January 15 the atmospheric pressure in Greenland had reached a
remarkably high value. As a low pressure simultaneously prevailed in
Central Russia very cold air began to flow westward at high speed from
the northern side of this low pressure, and a very severe frost period began
in the region of the Baltic. The outbreak of cold air resulted in Germany
in an independent cold air pool (»Kaltlufttropfen») which persisted in the
area for nearly a week.

January 15 the sea of the Gulf of Finland was still open as far east as
the meridian of Pellinki. In the Gulf of Bothnia the Bothnian Sea was
also open for the most part (Jurva 1941 b). Ice then formed very rapidly
on the parts of the sea still open, and on January 27, with a fairly weak,
3—4 Beauf. NE wind blowing, the northern Central Baltic even, off Uto,
froze.

The same day the German »Valeria», on her way from Stockholm to
Danzig, reported easy drift ice 10 sea miles seaward of Landsort (Eis-
bericht 1939/1940). She reported easy drift ice further south also, e. g.
in the vicinity of Hoburg off the southern tip of Gotland. On her arrival
in the Gulf of Danzig on January 30 she reported drift ice already as from
the vicinity of Bristerort.
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The ice forming in the sea was set in motion by the NIt wind and drift-
ed outwards off the eastern coast of the Central Baltic. For instance, the
German »Karibisches Meers, bound from Reval to Pillau, reported that
the going was through dense drift ice all the time, locally pressured.
Further westward, according to ice code reports, drift ice appeared around
Gotska Sandon and Fard, the northern tip of Gotland, on February 6.

66. The above-mentioned cold air poolin the German area began to move
on January 24 towards the Baltic region from where, reinforced, it pushed
back to German territory on February 7. February 12 its centre was in
the region of Hamburg, from where, moving slowly, it arrived in East
Germany about February 20.

The frost was at its severest, below —20°C, on February 7—11, and the
formation of new ice must have been very intense during this time. Around
Hogby and Kapelludden lighthouses on the coast of Oland the fields of
view were definitely ice-covered by February 8. After this date all the land
observation stations in the district of the northern Central Baltic reported
ice within the field of view. February 10 the Stockholm—Riga Swedish
passenger plane reported the northern Central Baltic totally frozen (Ost-
MAN 1940).

67. In the southern Baltic, according to ice code reports, thin ice had
formed on January 8—9 in the sea off the Pomeranian coast. However,
the ice on the sea did not remain permanent throughout. On January,
16—17 new ice formation was observed; however, it did not obstruct naviga-
tion to any considerable degree. January 31 German aerial reconnaissance
reported drift ice all along the Pomeranian coast, and no open water was
reported (Hisbericht 1939/1940). By contrast, German aerial reconnaissance
extending further north on February 4 reported open water still south
of Bornholm, in the vicinity of Adlergrund shallow (Eisbericht 1939/1940).

February 8, according to ice-code reports, the horizons of even the last
Jand observation stations reporting open water were definitely ice-covered,
as. e. g. around Bornholm. As, on February 8, in addition to severe frost
the weather was very nearly calm, it is apparent that any areas possibly
still open by then, like lanes etc., became ice-covered.

Total freezing of the open sea of the Central Baltic, thus, in this winter,
had taken place during severe frost and slightly windy weather. Hence the
development was seemingly more regular during weather that remained
the same in character (i. e. unchanged), whereas in the winter of 1942 the
final freezing was preceded by a period of stormy weather before the freezing
could occur in calm weather.

68. The initial development of the winter of 1940 in the Central Baltic
continued at first as in the winter of 1942 when on February 13 the wind set
in motion the ice of the open sea and breaking-up was observed according
to the ice code reports. Further evidence of this is the fact that on Febru-
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ary 13 the Swedish icebreaker »Ymer, sailing south from Landsort, met
open water about level with Visby and continued in open water until she
arrived off Hammeren Lighthouse in Bornholm. There the »Ymer» met thin
ice at first, with lanes in it. Close to the German coast, near Arkona, the
ice changed to drift and pressured ice and became more difficult to force.
The conclusion that can be reached from this is that a wide lane or an area
of open water had appeared off the eastern and southern coast of Sweden.
At the same time, according to the icecode reports, the ice had broken
up in the eastern part of Central Baltic off the Estonian and Latvian coast,

69. In the winter of 1940 the ice of the open sea was not reinforced to
any considerable degree after February 20, as in the winter of 1942, for a
remarkable change occurred in the weather. The above-mentioned cold
air pool above east Germany began to move southward fast on February 20,
and by February 22 it had reached the Balkans, continuing southward into
the Mediterranean region. As a result weather in the Baltic region grew
milder suddenly on February 21. On February 25—26 the frost did increase
temporarily, but e. g. on the eastern edge of Oland off Hogby and Kapell-
udden lighthouses there was open water all the time, according to the ice
code reports. A stiff storm was blowing on February 27, breaking up still
further the open sea ice. On March 1 the wind shifted to N and the loose
ice rapidly drifted southwards. The open water off the southern coast of
Sweden extended at that time as far west as Trelleborg, and the Swedish
icebreaker »Atles on route from Trelleborg to Arkona reported it as being
30 sea wiles wide.

With the ice drifting south a wide lane or an area of open water also
appeared off the Finnish coast in the northern Central Baltic. But the
large ice masses thus set in motion closed the area of open water on the
eastern coast of Sweden. The entire central and southern Central Baltic
also probably filled with heavy drift ice in the same way. The »Ymers, on
a course from Landsort to Danzig on March 4 met no further open water
apart from a few small lanes throughout her voyage. On her return
jowrney too she encountered no larger areas of open water.

70. The definitive culmination of the ice winter of 1940 occurred on
March 8 when a SW wind set in motion the ice in the southern Central
Baltic and it started to drift seawards from the German coast. The »Atle»
reported the same day that ice conditions from a navigational point of
view had become easier off Arkona.

The diminution of the ice and its subsequent melting and disappearance
occurred in the spring in largely the same way as during the winter of 1942
(Jurva 1947).

71. There was a similarity between the winters of 1940 and 1942 in that
the freezing over of most of the Central Baltic occurred during calm, frosty
weather. The ice only began to move after this. But in the winter of 1940
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the ice had no time to thicken to the extent that it did in the winter of 1942
and thus its mobility on both sides of the culmination was considerably
greater.

B. EXTENSION OF ICE OVER THE CENTRAL BALTIC IN THE
WINTER OF 1947.

72. In general freezing in the autumn of 1946 was later than usual,
though ice had formed in the archipelago of the Bothnian Bay as early
as during the frost period of November 10—22 (SrMoJoxr 1952).

About mid-December a strong outbreak of cold air occurred, resulting
in the growth of ice, and for instance the inner skerries of the Gulf of Fin-
land froze over. Early January saw frosty weather and further ice forma-
tion and by the middle of the month, when the weather became milder
again, fast ice had formed along the entire coast of Finland. There was also
ice in the open sea of the eastern Gulf of Finland as far approximately as
the meridian of Pellinki and in the open sea of the Bothnian Bay up to
about level with Raahe.

73. A new frost period began on January 19 and lasted without a
break until past the middle of March. In this connection it may be men-
tioned that a cold air pool penetrated France on January 26—28 from the
Ukraine; SCHERHAG (1948) has reported on the special circumstances involved
on this occasion.

Tce formation was rapid during this frost period. On January 24 there
was thin ice on the open sea of the Gulf of Finland as far as approximately
the line Jusar6—Naissaar. January 25—26 the frost increased to very
hard and the northern Central Baltic off Ut6 froze over on the following
day. On February 4, with another increase in the frost to very hard there
was rapid formation of ice and on February 7 the ice edge of the northern
Baltic stretched from off Lagskar Lighthouse to Ristna Point. On February
15 the Finnish icebreaker »Sisu» reported ice 28 sea miles out from Uto,
though the last stretch of this, 7 sea miles wide, was thin, new ice. So much
new ice was formed on the following day that the icebreaker »Tarmo» left
the vessels she had escorted in the open water 40 sea miles SSW of Uts. One
of these same vessels, the »Aldebarany, reported having encountered floes
further south. According to a Swedish air reconnaissance flight there was
heavy drift ice off Landsort and from there to Visby mostly open water on
February 21 (LiLiseQuist: Isvintern 1946—47).

74. Freezing in the southern Central Baltic had been remarkably rapid
during the same period. Oresund froze over January 25—27 and on
February 2 the ice edge stretched from Trelleborg to Stevens Lighthouse
(Lonquist). The easterly wind pressed the ice against the coast and by
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February 8 navigation to Trelleborg was quite difficult. On February 11
a Swedish air reconnaissance flight reported heavy ice from the Danish
sounds to longitude 13°E in the Baltic, (i. e. as far approximately as the
meridian of Trelleborg) and from there sludge to longitude 14°E (i. e. slightly
west of Bornholm); further east in the vicinity of Bornholm there was open
water. Navigation via Oresund ceased after the »Atle» left for Poland on
February 16 to escort the Swedish coal ships. On this voyage she encoun-
tered ice off the German coast 17 sea miles north of Hela Point. ¥ebruary
19 a Swedish air reconnaissance flight over the western Baltic reported
an unbroken ice cover as far as a ine Arkona—Adlergrund—Sandhammaren,
i. e. close to Bornholm. The same flight observed that new ice had formed
in Hanobukten as well, but that east of Bornholm the southern Central
Baltic was still open.

75. In the latter half of February the air pressure in Greenland had
reached a remarkably high value. Cold air outbreaks to Scandinavia with
a considerable change in the development of ice conditions on the Baltic.
On February 22 the wind shifted to the N and increased to stiff, registering
force 6 Beauf. for two of the following days. The wind set the ice in
motion and a wide lane or an area of open water formed from about
Russaré to about Soderarm Lighthouse. This open water, however, rapidly
covered over with new ice. The area of open water with new ice
grew so wide that the icebreaker »Tarmo», en route from Uts to SW
encountered nothing but thin new ice, even in the vicinity of Bogskir
Lighthouse in the northern Central Baltic. The »Tarmo» had a limited
quantity of coal on board and did not continue to provide assistance
further south. The convoy steered towards the Archipelago of Stockholm
and met the edge of fast ice off Sandhammaren. At the same time a wide
area, of open water was reported in the east off the HKstonian and Latvian
coast.

At the beginning of this windy period there was mostly open water
in the open sea of the Central Baltic, as the above reports indicate. As
late as February 23 a Swedish air reconnaissance flight reported that the
middle of the open sea between Rixlioft Lighthouse on the German coast
and Oland was open or partly sludge-covered. But on the following day
large floes appeared along a line Gdynia—Hoburg, or a little east of it, and
these covered 8/10 of the area. The southward drift of the ice had thus
begun.

The remaining open water in the open sea and the lanes were covered
by ice during the hard frost of February 27, and from this date the Central
Baltic was practically frozen over. As the frost continued hard until the
middle of March the ice became quite thick, but stiff E winds on March
6—7 kept the ice of the open sea in motion and pressed it against the east
coast of Sweden. In the southern Central Baltic the storms pressed the
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ice e. g. against the entrance to Oresund; off Falsterbo it was frozen to the
bottom as far down even as 18 m (GRUER 1948).

76. The culmination of the ice winter in the northern waters of Den-
mark can be considered to have occurred by March 6—7 when the E wind
mentioned above broke up the ice in the Skagerak and it drifted seawards.
But in the Central Baltic the culmination was delayed until about March 14
when a stiff B wind broke up the ice and lanes were opened up here and
there. The actual melting of the ice and its disappearing began about
March 22 when a milder SW air current enfered the Baltic area. One
result of this was that on March 28 the »Ymer» was able to break a way
through the heavy pressured ice around Oresund and it was possible to
recommence navigation by that route after an interruption that had lasted
some six weeks.

About April 5 the weather became still warmer and the ice began to
diminish and disappear. On April 9 the ice started to drift seawards in the
northern Central Baltic off the Archipelago Sea and on April 15 a Swedish
air reconnaissance flight reported that most of the northern Central Baltic
was open (LILIJEQUIST).

77. The winter of 1947 proved to have quite a different character from
those of 1942 and 1940. Development in the southern Central Baltic in the
early winter already was abnormal in that freezing in that area proceeded
very much more rapidly. Stiff easterly winds prevailing at that time drove the
ice against the Danish coast and made navigation difficult. Proof of how
difficult conditions were is the closing of navigation via Oresund for a period
of six weeks although it continued in the northern Baltic throughout the win-
ter, admittedly within certain limits. The main difference, however, lies
in the fact that while the open sea of the Central Baltic was frozen over in
1942 and 1940 by an increase of ice, in 1947 the Central Baltic was covered
with large ice masses which drifted both north-south and east-west. The
lanes or the areas of open water between these ice masses then became
ice-covered. The development of the spring phases, on the other hand,
was almost along identical lines.
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IV. A GENERAL DESCRIPTION OF SEVERE ICE WINTERS,

A. THE CARTOGRAPHICAL METHOD OF JURVA FOR STUDIES OF ICE
CONDITIONS.

78. As demonstrated, especially in the last part of the previous chapter,
the course of the ice winter can vary greatly in different winters. To make
the ice winters comparable in spite of the great variations that occur in time
and in the extent of the ice cover calls for some sort of »mormal winter» or
roore accurate »comparison winters as a standard. To construct such a win-
ter Jurva (1937) has used a cartographical method of illustrating the ice
conditions off the Finnish coast and the seas bordering on it. On this
method Jurva (1941 a) states:

»To build up the comparison winters (from the winters of 1915—1925)
ice situations as similar as possible were used, independent of when
these situations arose during the different winters -— however with the
limitations that on each occasion only the situation at the growing period
of the ice or only that at the diminution period of the ice were regarded as
similar. In other words, by detaching the event, i.e. the course of
the ice winter from tim e, situations were selected from different winters
that were mutually corresponding and represented the same point in the
general course of the winter. From these conditions, then, an »ideal ice
situation» was deduced; and this in its turn formed the basis for the »normal
stage», which corresponded to the actual situation used to determine this
point in the general course of the different winters.» '

JUurva chose as the element on which he principally based the compari-
gsons the fast ice fringe on the Finnish coasts. Almost every
winter ice gradually grows in the early winter, passing through almost iden-
tical situations. Equally it diminished by the end of the winter, passing
through »spring situations». The ice outside the coastal fast ice i.e. the
ice on the open sea differs much more in growth than has been observed
by defining norms based on its relative occurrence, i. e. as frequencies.

79. In defining the normal winter Jurva finally arrived at the stages
(Figure 35) corresponding to ice situations with a probability of 4—5/10 of
the occurrence every winter because few ice situations only were available
corresponding to the more severe phases and these were connected with the
stage of culmination of the »norinal ice winter». In this connection Jurva
(1937) mentions the following:
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»We can take it that the normal phases of the culmination of midwinter
are divided into several new stages. The new stages of the autumnal period
correspond to ice situations during which freezing in the Central Baltic
is still on the increase. On the other hand the new stages appearing
in the spring period of the culmination of midwinter correspond to ice situa-
tions during which the ice is diminishing from its former level. In other
words, if we had enough material on ice situations the normal stages alveady
deduced could in course of the time be completed and developed until
they covered the most severe time of freezing of the Baltic and the cor-
responding time of the melting and thus we could defime a new group of
normal stages for the midwinter period.

We can add this direct to the normal stages already deduced as it
is a question of calculating the amount of drift ice that has frozen
solid (symbol quadrangle) and the loose and mobile drift ice (symbol
triangle) and drawing the corresponding frequency curves for the open sea.
In this connection especially at the culmination stages already determined,
the real values of the frequency curves will of course have to be redetermined
and the curves 0.09, 0.08....0.01 and so on redrawn. In addition a new
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Figure 35. The culmination stage »d 15 of normal winter, defined by Jurva (1937).
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determination of the times of appearance of these stages would also be
necessary, i. e, to make them correspond to the dates of ice situations in the
severe and extremely severe ice winters as well as to the thickness of the
ice, if adequate observation material existed for the purpose.»

80. Jurva considers that the deduction of the normal stages to cover
the open sea of the Central Baltic would mean above all a redetermination
of the rates of frequencies and redrawing of the curves already drawn. This
determination of frequencies is made considerably more difficult by the
greater mobility of ice in the Central Baltic than it perhaps has in the Gulf of
Finland.

It must be mentioned that in severe ice conditions the coastal fast ice
edge remained nearly unchanged, disregarding the so-called extended
coastal fast ice. Therefore in adapting the cartographical method of
JUrvaA the comparison of ice conditions must be made from the ice outside
the fast ice or by the ice thickness. I.e. the comparison is based on ice
volume, as Jurva (1944, 1952 b) has remarked in another connection.
But: since for that purpose the thickness of the ice in the open sea must also
be known, and since few thickness data are available — because ships
travel by the archipelago routes during such severe ice conditions — the
present author had to accept the area of the ice cover as a basis for the
comparison. How the normal stages or better comparison stages of severe
winters have been worked out will be clarified later on.

B. GENERAL REMARKS ON THE MATERIAL DURING THE WINTERS
1926—1950 AND THE REGION STUDIED.

81. The ice winters from which the general stages illustrating the wide
freezing of the Central Baltic were to be defined were selected from the
period 1926—1950. This decision was influenced by the fact that ice obser-
vations on the open sea were not organized Internationally until after
the First World War and there was a lack of scientifically adequate mate-
rial, (explained more particulary in Chapter I, Material). These winters
form a continuation of the winters 1915--1925, treated by Jurva.

The material of the period chosen has for Finland been partly pub-
lished as general reviews of each winter in the series of the Institute of
Marine Research (GranqvisT: Oversikt, Juwva: Oversikt, SiMoJOKI 1952),
and partly it is contained in the archives of the Institute, awaiting publica-
tion. It is illustrated in the weekly general maps or maps showing the ice
situation each Friday, called »Friday-situation» maps. In other countries
such as Denmark regular year books have been published (Isforholdene,
Is- og Besejlingsforholdene). This is the case for Germany (PETErRsEN: Die
Eisverhilinisse, Orxriricu: Die Eisverhilinisse, BUDEL 1946, BLUTHGEN
1948, Nussker: Die Ifisverhdlinisse), as well as for Estonia though only
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until the winter of 1939 (FriscH, KirpE: Merejid vaatlused). In Sweden
in addition to the annual reports from icebreakers (Sveriges stailiga isbry-
tarverksamhet) the publications principally treat of severe winters only
(OsTaan 1929, 1940 and 1941, Lisequist: Isvintern 1941—42, 1946—47),
and this is also the case in Latvia (SLavcitass 1929 b). More concise
sumimaries of the ice winters mentioned have been published in Russia
(ARNOLD-ALABIEFT 1926, among others) and Poland. Available in addition
are the daily ice reports published in the Baltic countries, some including
maps on ice conditions (Finland: Israpport, Sweden: Isberdtielse, Denmark:
Isberetning, Germany: [isberichie). Investigations with means have also
been taken to consideration (Frisu 1933, PETERSEN und OELLrRICH 1930,
PrUrrr 1942, Rupovic 1917, aniong others).

82. As the starting-point of the study the author has chosen the »Friday-
situation» maps, scale 1: 1250 000 at the Institute of Marine Research,
showing as much or more ice as in the ice situations corresponding to Jur-
va’s (1937) important turning-point »d 15y (Figure 35). When ice conditions
have changed rapidly use has been made in addition to the »Tuesday-
situation» maps and, depending on requirements, sometimes maps of other
weekdays as well. The basic material of the present stucy comprises a total
of 60 maps, which, as is mentioned below, have been completed with the
information gained later on, especially from the open sea.

As the maps of the Institute of Marine Research cover the sea region
from the northernmost part of the Gulf of Bothnia and the easternmost
point of the Gulf of Finland to about level with the northern point of Gotland
the maps have been completed for the purposes of the present study to
include the entire Baltic by employing a new blank map, scale 1: 2 000 000.

83. The preliminary study of the ice situation maps drawn in this way
showed that in the southern Central Baltic the meridian of Bornholm
seemed to constitute some sort of boundary line for the regional increase
of ice from which westwards the ice conditions of the sea and the waters
of Denmark form a whole. Eastwards from it the development of condi-
tions seems to accord with development in the rest of the Baltic. Com-
mander R. RosteD from »Statens Istjenestes (Deninark) and the author
have carried out a special study of the Danish waters which will be published
in an other connection. In the present study the principal interest has
been with the sea region east of Bornholm, but to give a broader view of
the whole, ice picture conditions from the Central Baltic the region
from the Danish sounds eastwards have also been presented. In the
same way the study has been extended in the north to the meridian of
Porklkala. Thus instead of the »d»-region employed by Jurva, which princi-
pally included the Archipelago Sea and the northern Central Baltic, we
have a vaster region »D» stretching from the meridian of Porkkala to the
Danish sounds.
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C. THE REPORTS OF ICE ON JANUARY 30, 1942 AND THE DRAWING
OF THE ICE SITUATION MAP.

84, As an example of low the author finally drew the ice situation
maps with the aid of the whole material, e. g. supplementing the ice situa-
tion maps available, let us examine the preparation of the »Friday-situation»
map on Jan. 30, 1942. This »Kriday-situation» has been slected as repre-
senting the ice situation just before the definitive freezing of the central
Baltic.

The »Friday-situation» map drawn at the Institute of Marine Research
of the day mentioned comprises the ice conditions on the Finnish coast
and off it. Tce information was restricted during the war winter of 1942,
especially as regards reports from ships. The daily radiograms from the
Finnish icebreakers were not transmitted in clear but were encoded. In
such cases the contents of the reports were brief and there was a possi-
bility of interpretation. The additional information was obtained by
going through the entries in the ships’ logs of the icebreakers and of the
merchantmen in traffic at that time. The author has presented fragments
of them in chapter I, section C (N. 10).

The foreign material comprises firstly the particular ice observations
from stationary observation stations along the coast. From Sweden the
stations included brief reports in clear, added when necessary after the
daily ice code reports, e. g. the report from Hano mentioned before (N. 8).
Secondly the material comprises observations made on ships. The radio-
grams sent by the icebreakers and their log entries were obtained from
Sweden and Denmark, e. g. the ice diary of the »Atle» mentioned in Chapter I,
section C (N. 10). In addition reports from merchantmen were also obtained.
Lastly reports from air reconnaissance flights from different countries
have been mentioned earlier, Chapter I, section D (N. 15). For Jan. 30,
1942 there was only one Finnish and one Swedish flight rveport, and the
observations of the former were limited to a narrow stretch from Porkkala
to Uto.

85. As the particular ice observations for Jan. 30, 1942 did not cover
the whole region of the Central Baltic, use was made of the map by com-
pleting it with observations made on the nearest days to the date in question.
Reports from air reconnaissance flights were available from the different
regions of the open sea, as appears from the following (N.B. the German
flights are not included):
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Gulf of Aland Northern By Southern
TFinland Sea Central Gotland Central
Baltic Baltic
Jan. 17 ............ 1 — — —_
Jan, 27 ... ... ... 1 — — — —_
Jan. 28 ... ... ..., — 1 — = —
Jan. 29 ... ... ... — — 1 — —
Jan. 30 ........ .... 1 — — 1
JOT: Bl sy cmmr smws s 1 — 1 1
Febr, 1 ............ — — e - —
Febr. 2 ............ — 1 1 1 1
Febr. 3 ............ — 1 — 1 —
Febr. 4 ............ 1 1 — 1 1
Febr. 5 ............ 2 2 1 1 1
Febr. 6 ............ 1 2 — 1 —

If the weather has caused rapid changes in the conditions the observa-
tions of the days nearest to those in question naturally cannot be used
as they are. The data corresponding to the situation map were derived
from these observations by taking into account the weather conditions, by
inter- or extrapolation. The flight over the northern Central Baltic on February
2 established that south of latitude 59°20'N there was a region of more
broken ice (Figure 15). The formation of this ice region has already been
discussed in connection with the description of the winter of 1942 and the
conclusion was reached that the region mentioned was frozen by January
30 although the ice was very thin, one night old at the most. The ice situa-
tion map, therefore, depicts conditions as they ave.

It is worth mentioning that the same region of more broken ice was
established by a reconnaissance flight on the subsequent day, February 5
but its edge then lay approximately along latitude 59°10°'N (Iigure 16)
or 10 sea miles further south than according to the flight map of February 2.
From the prevailing weather conditions it would seem that the shift was
in reality less great; the difference of 10 sea miles was due to the diffi-
culty of determining the planes’ exact position in flight over the open sea
without a decca-instrument. In view of the flying routes and the weather
conditions the former report is likely to be more correct. An error of 10 sea
niles in pinpointing a position over the open sea of the northern Central Baltic
seems well within the bounds of possibility, as shown in another connec-
tion (Parosvo 1952). In flying over the Gulf of Finland on the other hand
the maximum error was 5 sea miles. Over the southern Central Baltic
a possible error of 10 sea miles has already been encountered earlier
(R1ceETER 1933).
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Tigure 36. The special ice observations, Jan. 30, 1942, completed with observations made on the
nearest days.

Explanations: 1 = reports from air reconnaissance flights, 2 = ships’ reports, 35 = the thickness
of ice 35 em.

The special ice observations of January 30 and several days preceding
and following are presented in Figure 36.

86. In addition to the special ice observations the actual and more
accurate material had also to be compiled in order to complete the map of
ice reports given according to the Baltic ice code, reports which could only
qualitatively describe real ice conditions.

The code reports for January 30 have been marked on the map for
each report region (Figure 37). It appears from the map that there were
report regions all over the Baltic coast, the Danish waters having
more stations, as marked on the map. Where an ice report was occasionally
missing, i. e. a case like the report from Utklippan: X9, instead of the first
figure the symbol X has been used which, as the ice code states, means
that ice conditions are unknown because of bad visibility or some other
obstruction (N.9) — in such cases the value has been deduced by means of inter-
polation from the values of the nearest day, i.e. January 29 to NW 50,
NE 84, SE 84, SW 74 and January 31 to all directions 74. The deduced
value for January 30 is 74 all directions and it has been given in parenthesis.
When the ice reports are missing from a longer period, as for example for
part of the Latvian and Estonian coasts, it has not been possible to complete
the report.



Tigure 37. Iee code reports, Jan. 30, 1942. The figures (explained in more detail in N, 9) have been

marked for each report region. \Where an ice report was occasionally missing, i. e. because of bad

visibility or some obstruction, the values lave been deduced by means of interpolation from the
values of the nearest day and given in parenthesis.

In addition to the advantage that there were ice code reports from all
over the Baltic coast, ice reports of this sort are important because they
always evaluate the ice situation according to the same principles, incomplete
though they are. There must have been some different interpretations
of the code, both among private observers and in the different countries.
For example in the southern Baltic 15 cm thick ice has been reported as
heavy fast ice or I = 6 (STAKLE 1936), whereas in the region of the northern
Baltic, where the ice grows quite thick nearly every winter, this measure-
ment is rated at a slightly higher value.

In such closed regions as harbours, bays and offshore waters in the archi-
pelago, where the freezing and melting of ice occur nearly simultaneously
and equally over the whole region, the codes provide a picture of the ice
conditions subject to only very slightly different interpretations. But the
code reports from the open sea are not always accurately determined as
far as the extension of ice is concerned. Thus on January 30 the report
was In = 00, ov open water, SW of Gotska Sandén; this has been taken to
mean a wide lane opened in consequence of the moving of the ice on the
leeside of the island. Before January 30 Gotska Sandon had been surrounded
by drift ice in every direction.

87. Ice observations (Figure 36) and ice reports (Figure 37) transferred
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to the master map did not cover the whole of the central Baltic. Regarding
the former development it can be concluded that the central part of the
Central Baltic was still open, although it has not been possible to determine
the exact position of the ice edge. In determining the position of the ice edge
on the Pomeranian coast the starting point adopted has been the Swedish
reconnaissance flight which reported on January 31 that the ice edge was
situated 35 km from Kolberg (Ifigure 5). Bearing in mind the code reports
from the German coast stations a zone was drawn from Kolberg eastwards
parallel to the coast (this principle cannot be used during the drifting of
ice, especially in spring time). From Kolberg westward the ice edge was
drawn to near Bornholm. On the last day of the month, according to the
train ferry, there was only new ice fromn Sassnitz to latitude 54°40'N, and
drift ice from there to Trelleborg (Eishericht Nio 41/1942. 11, 1). The new
ice mentioned had probably covered a wide lane that formed in consequence
of the S wind at the end of January.

As there was no other ice information from the open sea north of the
Pomeranian coast the extension of the ice has been estimated to be the
same as during other rigorous winters and the ice edge has been drawn in
to correspond with them. Such was the situation e. g. in winter of 1929
(Iso Tietosanakirja 1933) and of 1941 ( Aélas, Deutsche Seewarte, 1942). That
this procedure resulted in an approximation to the true situation was clear
by the further progress of the ice winter.

The final ice situation map on Jan. 30, 1942 has been presented in Fig-

ure 38.
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Figure 38. The final ice situation map on Jan. 30, 1942.
Explanations: 1 = fast ice, 2 = drift ice, frozen solid, 3 = drift ice, loose, 4 = new ice, b = sludge,.
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D. THE DIVISION OF THE ICE SITUATION MAPS INTO MAIN AND
SUB-GROUPS.

88. As the ice situation mmaps were completed they were then grouped
according to principles similar to those adopted by Jurva (1937) by
defining the normal stages.

First the ice situation maps were classified by grouping them in three
main groups according to whether the situation belonged to the period
of growth, culmination or diminution of ice. This division proved to be
easy to perform; in the midwinter phases only was there any doubt about
grouping, depending on how the culmination was determined. As pointed
out earlier, the length of culmination differed very much. In some cases it
was reduced to a culmination moment, in others it was a fairly
long culmination period.

89. This division into main groups was followed by sub-groups. For
this purpose the approximate limits of the sub-groups were taken as the
outer edges of ice corresponding to the most extensive freezing of each
winter. In »favourabley cases, i.e. when the freezing occurred during
the same weather conditions, e. g. during a calm frost, these edges
seemed to lie in certain zones (Figure 39) and thus to provide means

e jvibfi%%;
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Tigure 39. Certain zones in which the ice edges of sub-groups
D ;1—Dy4 seemed to lie.
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for a sub-grouping similar to that used by Jurva, in defining the
normal stages. With the aid of the »limits» of the most extensive
freezing it was possible to construct 4 phases corresponding to the
stages of the growth period of ice. The peak stage has been determined
as the stage corresponding to the phase preceded by the definitive freezing
of the Central Baltic and during which the ice thickness on the open sea of the
Central Baltic has reached a very high value, as in the winter of 1942 at the
turn of February—March. In the last main group were placed the phases
of diminution and disappearance of ice, giving 4 groups in all, each cor-
responding to a different stage of diminuntion. So the actual position of ice
edges appearing in nature were obtained for each sub-group — separately
for the stages of the growth period of ice and for those of the diminution of
ice — to show the various stages in the general course of ice winter. The
final general or »D-stagesy were then defined from these sub-groups.

With sub-groups approximately defined by their limits, the final group-
ing of the ice maps was made according to the area of the ice cover. For
instance in one sub-group, in addition to the »favourables cases mentioned
earlier (where the ice edges were almost the same) were included situations
in which the ice edges differed from the former in shape but where the
area of ice cover was almost the same. The ice situation maps to be grouped
were, as has been mentioned earlier, predominantly ice situation maps on
Friday. But if two consecutive »Friday situationy maps registered such a
rapid change that some definite stage was omitted in between an addi-
tional ice situation map was drawn for Tuesday or sometimes for other
weekdays as well. So for each sub-group in each winter there was at least
one map for every phase up to that corresponding to the most extensive
freezing.

The final grouping of the ice situation maps is presented diagraminat-
ically in IMigure 40. The D-stages have been marked on the figure cor-
responding to the freezing- over of the Central Baltic examined in the dark-
coloured region. The figure has been completed with the analysis of the
d-regions (corresponding to the freezing of the Avchipelago Sea and the
northern Central Baltic, Jurva- 1937, 1944 and 1947, SrMoJoxI 1952).
JUrva numbered the stages of the d-region so that »d 1—d 14» corresponded
to the stages of the growth of ice, »d 15» to the culmination or change-
point of the normal ice winter and »d 16—d 25» to the diminution and
disappearance stage of ice. The present author has correspondingly marked
the stages of the more extensive D-region studied (from the meridian
of Porkkala to off the Danish sounds) so that »D,;1—D;,4» correspond to
the stages of the extension and growth of ice, »D;;5» the most extensive
freezing and »D,;6—D,;9 the stages of diminution of ice. The D-stages
thus constructed form a natural continuation of Jurva’s stages in that
they determine more precisely what the peak stage »d 15y of the ice
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Figure 40. Analyses of ice winters 1926—1950, or the dates of the ice situation reaching the cor-

responding normal stages in the development of winter. The analyses from the Central Baltic

region, D ;1—D,9, are given in the darkest part of the figure. Those from the Acchipelago Sea

and the northern Central Baltic, d 1—d14 and d 16—d25, are entered in the lighter-coloured parts
of the figure (Jurva 1937, 1944, 1947, Sivojox1 1952).

winters worked out by Jurva actually is and, in a way, they fulfil
Jurva’s previously quoted demand for the definition of new stages.

It must be mentioned that during the fairly long culmination period
(marked in Figure 40 with horizontal lines) the ice situations can be counted
to both the period of growth and the period of diminution of ice. The
author has marked in the figure only one of these possibilities.

E. DETERMINATION OF THE FREQUENCY RATES AND CURVES OF THE ICE
EDGES IN THE SUB-GROUPS.

90. After the final grouping of ice situation maps the determination
of the fequency-rates of the ice edges in each sub-group was carried out
according to the method of Jurva (1937).

For this purpose the ice edges of each sub-group were transferred to
special so-called »scollection maps». For example sub-group D3 had a total
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Figure 41. Ice edges in sub-group D3 and their relative fre-
quency rates corresponding to the weights of ice edges beginning
from the outermost edge.

of six ice situation maps and different edges on the collection maps (Figure
41). As can be seen from this map, most of the ice edges lay within a
comparably narrow zone (width 40--60 km); a few only, e. g. 1947 and 1941.
II. 28 show any great difference from this zone of the edges. This difference
in position arises from the prevailing meteorological circumstances only.
It is noteworthy that the ice of the open sea at this phase is still very
mobile and the edges are shaped above all by the prevailing winds.
But the area of the ice cover is nearly the sanie in each ice situation.

91. With the ice edges transferred to the collection maps, the frequency
rates corresponding to these curves were calculated. KEach edge curve no
the collection map was given its own weight. In cases like the winter of
1942, sub-group D,;3, when there were two ice situations on Jan. 30
from the whole winter, it was given the weight 1. In winter 1941, in the
same sub-group, there were a total of two ice situations on Febr. 21
and 28 and both of them was given the weight 1/2. Thus the total
weight of each winter in question was 1. In this way, when the material
available was very small, no particular winter with a great number of ice
situations was able to dominate and possible peculiar traits of this winter
were prevented from playing too decisive a role.
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Tigure 42. The relative frequency curves of ice edges, 0.2, 0.5 and
0.8, in sub-group D,;3, determined by values of Fig. 41.

The frequency rates were obtained simply by counting the weights,
beginning with the outermost edge. In this way the innermost ice edge
always had a frequency rate as high as the number of winters from which
the ice situations of the sub-group had been taken. In sub-group D3 this
was 5. Dividing these frequency rates by the number of winters mentioned
gave the relative frequency rates. The absolute frequency rates of these
could be obtained by multiplying the latter rates by the every-winter-
probability of this stage.

92. Having found the relative frequency rates corresponding to the
ice edges on the collection map, new relative frequency curves
were drawn by using special, transparent, so-called combination maps.
These, working from the coast seawards, gave the following frequency rates:
0.8, 0.5, 0.2 and 0.0—0.1 (Figure 42).

92. As the number of severe ice winters available for the cartographical
study was small some of the sub-groups had few situations only. Since,
in addition, the ice situations available could have been formed during
»favourables or »unfavourables circumstances vis-a-vis ‘the normal stage
under definition, some sort of final graphical smoothing had to be made
in comparisons with the successive normal stages. The smoothing cor-
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Figure 43. Final, smoothed, ice edge frequency curves 0.2, 0.5
and 0.8 in sub-group D,.3.

responds to that used by Jurva. This completed the final shape of the normal
stage D3 (Figure 43), although the symbols referring to the various kinds
of ice and the every-winter-probability and the occurrence times of the
stage were still lacking.

The other normal stages D corresponding to other severe ice winters
were built up similarly, and the most extensive freezing of the Central Baltic
was thus depicted by nine D-stages, Di;1—Dy;9 (Chapter I). Becanse of
defiences in the material some rectification of the limits may be necessary.

F. THE COMPLETION OF THE NORMAL STAGES BY USING SYMBOLS
DEPICTING THE MOBILITY OF ICE,

94. Mobility is a characteristic of ice in the open sea and it has
a decisive effect on the development of ice conditions. As has been seen
earlier, the mobility of ice is very great while the ice is still thin. The mobility
remains considerable, though more limited, when the ice grows in thickness.

The direct observations on ice movements have been obtained from
ships’ reports or, for Finland, from the notes made at the coastal observation
stations. The observations of ice movements, however, are generally in-
complete. They have therefore been supplemented, due consideration being
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paid to weather conditions, above all wind conditions, and the corresponding
changes in the position of the ice edge. From these conditions conclusions
have been drawn as what the movements of the ice may have been. This
mobility of ice has been depicted by symbols, as was done by Jurva.
These indicate for each normal stage whether the ice is loose and mobile
(symbol triangle) or frozen solid and immobile (symbol quadrangle).

95. To determine the mobility of the ice firstly the duration or periods
of the ice situations corresponding to different stages were worked out by
analysing the course of the ice winter. For example in winter 1942 on
January 29 the development of freezing had advanced so that the ice edge
reached inside the edge zone corresponding to the stage D,.3, and it lasted
until January 31 when freezing had spread to the edge zone of the subsequent
stage. The period of stage D,;3, hence, was in this winter only 3 days. The
periods of appearance of the different stages are marked in the diagram of
sub-groups of ice situations (Figure 40). During the winters of 1926—50
the periods of the stage D,;3 made a total of 24 days in all.

96. When the periods of different stages had been determined a study
was made of how many days the ice has been on the one hand loose, on the
other hand frozen solid. Off Uto, for example, on 19 days of the 24 days
of appearance of stage D;3 there was loose ice and on 5 days frozen-solid ice,
Expressed in decimals 0.8 was the primary value for loose ice (8 in symbol
triangle) and 2 for frozen-solid ice (2 in symbol quadrangle) in relation to
the total duration of the stage.

The loose ice was, moreover, directly joined to the fast ice edge for 7
days, whereas on 12 days a lane parallel to the coast ran between the fast
ice edge and the loose ice. For these latter cases a new symbol is employed
for the lane, = =, thus completing the general symbol of loose ice. By
also expressing this value in decimals as a proportion of the total duration
of the stage D,,3 we obtain in the case in question 5 for the symbol = =
the lane parallel to the coast (5 between two equation signs).

The value of 2 of frozen solid ice, the second value 3 of loose ice (i.e.
the primary value 8 of loose ice subtracted by the value 5 of the lane)
and the value 5 of the lane are marked on the map providing a picture
of the sea ice off Uté during stage D, 3.

Because of the differences in the observation material the exact deter-
mination of the symbols depicting the mobility of ice has not been possible
elsewhere than off the Finnish coast. Hence these symbols in the maps
present the normal stages (above all) off the Finnish coast only.

G. ICE THICKNESS MEASUREMENTS.

97. The linking of ice thicknesses with the normal stages, which above
all are constructed on the basis of the extension of ice, is a difficult task.
This difficulty becomes quite clear in the post-culmination stages when

15 2023/53
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the thickness of ice in general continues to grow even after the culmina-
tion. At all events it was found necessary to include the ice thicknesses in
this study and to present them in the same form as Jurva does the means
of ice thickness.

Ice thickness measurements were performed at the stationary observa-
tion stations on the Finnish coast and for the most part in the area of fast
ice. In the open sea, however, the measurements of ice thickness were
generally occasional and performed mainly by icebreakers. In severe winters
when navigation e, g. via Uté had ceased, no ice thickness measurements
were obtained from the northern Central Baltic.

.The study has been restricted to a determination of the mean thick-
ness of ice at certain points of the fast ice region in the Archipelago Sea
and the Gulf of Finland. These points are Lypyrtti sound, sea outside
Lypyrtti, Inklinge, Mirket, Uto, Naantali, Gullkrona and Bargsund.

Of the ice thickness measurements made at the stations chosen the ones
pertaining to the ice situations of which the normal stages had been worked
out were selected. If in some case the ice thickness rate had not been given
for the day in question it was interpolated from the measurements of the
nearest days. The ice thickness values corresponding to each normal
stage was calculated from these values, Thus for instance for the normal
stage D3 we had the following ioe thicknesses, the means of which were
worked out: '

Lypyrtti Lypyrtti Enklinge Mirket Utd  Naantali Gullkrona Baré-

sound seq sund

outside
1947, 11 21 ....... 39 46 45 26 28 53 50 48
1942, 1. 30 ....... 46 46 40 26 26 40 41 50
1941, IT. 19 ....... 39 47 50 43 26 29 50 42
1940. IL. 8 ....... 43 38 50 26 34 40 — 40
1929, 11, 28 ....... 53 53 47 o — 29 46 45

Mean 44 46 46 30 29 38 47 45

Finally it is necessary to allow a certain smoothing so that the ice thick-
ness values at the normal stages following each other form an evenly chang-
ing series. The final ice thickness values have been marked by figures on
the maps of the normal stages at each observation point.
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H. THE OCCURRENCE TIMES OF THE NORMAL STAGES AND THEIR
PROBABILITIES.

91. For the real course of the severe ice winter to be presented with
the help of these normal stages the time at which they occur must be deter-
mined, i.e. how quickly they follow each other.

For this purpose, on the basis of the general course of the ice winter,
a determination was always made as to which ice situation at each time
best corresponded to the normal stage in question. For example: the ice
situation of January 30 in the winter of 1942 corresponded to the normal
stage D;;3 and had also been used in its defining. But in the winter
of 1941 it was considered that the situation of February 19 best corresponded
to this normal stage, although the ice situation maps of February 21 and
28 have been used in its defining. In such a case, when the ice edge
remained in the zone of the ice edges of the normal stage for a longer period
of time in the same winter, the time taken as the occurrence time of the
stage, as before, was the period when the ice edge seemed to be in its average
position. Thus the following times were obtained for the normal stages
D;;3 and D4

D3 D,14
1947, 11, 24 1947, III. 1
1942. 1. 30 1942, II. 2
1941. II. 19 —
1940. II. 10 1940. 1II. 10
1929, II. 28 —
Mean (1926—1950) II. 16 II. 10

To compare this value with the values of former winters up to the winter
of 1880 it was estimated that the normal stages D;;3 and D,;4 had occurred
approximately at the following times: '

o Dy8 D4
1917. ITI. 15 —
1893. II. 2 1893. II. 4
1888. III. 6 1888. III. 10
1881. II. 6 1881. II. 14
Mean (1915—1950)  II. 20 I1. 14
Mean (1880—1950)  II. 15 II. 16

It has been possible to define the so-called comparison winter on the
basis of the average occurrence times of the stages obtained in this way.
In Tigures 44—45 these average occurrence times of each normal stage
(calculated in the first place from the period 1915—1950) have been indicated
with crosses.
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92. Since freezing has its certain maximum speed, as shown by Jurva
(1947), the occurrence of the ice situations corresponding to the various
stages of freezing must be earlier the more extensive the ice-covered area
during the winter. For instance, the total freezing of the open sea of the
Central Baltic, corresponding to stage D,;4, occurs, in the above cases only
if the preceding stage D3 is reached relatively early. As stage D, 3 was
reached as late as on March 15 in the winter of 1917, the open sea of the
Central Baltic could no longer freeze over and the ice began to diminish
rapidly in the southern parts of the Baltic.

If the occurrence times corresponding to the normal stages are placed
in chronological order, as has been done by Kawavins (1947), the above-
mentioned example involving the D;3 and D4 stages will assume the follo-
wing form:

Dys3 Dysd
(1942) 1. 30 (1942) II. 2
(1893) II. 2 (1893) II. 4
(1881) II. 6 (1940) II. 10
(1940) II. 8 (1881) II. 14
(1941) 1II. 19 (1947) III. 1
(1947) II. 24 (1888) III. 10
(1888) III. 6 —
(1917) IIL. 15 —

As the winters of 1880—1950 — 71 winters in all — are included in this
review, the earliest date of occurrence for stage D,;3, i. e. January 30, has
a probability of 1/71, the second date of occurrence, February 2, a pro-
bability of 2/71 etec. From this, the following dates of occurrence can be
computed corresponding the probabilities 0.01—0.03, 0.05 and 0.10:

Probability (1880—1950) Dy3 D4
0.01—0.03 I. 30 II. 2
0.05 II. 7 II. 12
0.10 III. 6 —

By computing the corresponding values for the period 1915-—1950

36 winters — we get the following dates of occurrence:
Probability (1915—1950) D3 D)4
0.01—0.03 I. 30 II. 2

0.05 II. 7 II. 9

0.10 II. 20 —
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The values 0.01—0.03 represent the extremely early occurrences gen-
erally occurring in severe winters as in the winter of 1942. The final values,
computed in the first place for the period 1915—1950, are entered in the
top left corner of the maps showing the normal stages (Chapter I).

93. A perspicuous picture of the probability of occurrence of the
normal stages and of the corresponding dates can be obtained by illustrating
graphically. The dates are entered on tlie abscissa of the coordinates, the
normal stages being placed consecutively along the ordinate (using the
area of the ice cover as a unit). If the winters of 1880—1950, 71 winters
in all, are used to start with, the probability value 1/71 = 0.01 is
entered in stage D3 against January 30, the value 2/71 = 0.03 against
February 2, etc. These entries can be seen in Figure 44, though there the
probability values have been computed for the winters of 1915—1950.
If the values corresponding to one and the same probability are connected
up into curves a some sort of time diagram is obtained from which the course of
a severe winter can be demonstrated. However, it must be noted that the
occurrence times corresponding to one and the same probability need not
necessarily belong to one and the same winter.

Figure 45 (bottom part, area D) shows probability values, computed
from the above values, for certain dates of a month, i. e. the 1st, 6th, 11th,
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Tigure 44, The probabilities of the occurence of the normal stages Dyg1—D;59 marked on a diagram
with the abscissa the time and the ordinate the area of ice cover, The probabilities are counted
from the ice winters 1916—1950.
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Figure 46. The probabilities of the occurence of the normal stages d 1—d 14, d 16—d 25 (top part

of the diagram) and D,;1—D;9 (bottom part of the diagram). The probabilities are counted to

the 1st, 6th, 11th, 16th, 21th and 26th of the month from the ice winters 1916—1950. In the top

part of the diagramm (d) the unit of area of ice cover is 1 000 sq. km and in the bottom part of the
diagram (D) the unit is 10 000 sq. km.

16th, 21st and 26th of each month. In addition, Figure 45 (ftop part, area d
gives the corresponding probabilities for the winters of 1915—1950 computed
for Jurva’s (1937) normal stages d 1—d 14 and d 16—d 24. The curves
drawn correspond to the probabilities of occurrence of 0.10, 0.25, 0.50
(thick line), 0.75 and 0.90.

94. As mentioned in the introduction, the author has compared
the ice situations with the aid of the area of the ice cover. To this
end the surface area of each normal stage was determined by planimeter



119

along frequency curve 0.5. This method gave the following surface areas
for the D-stages defined (total surface of area D: 215500 sq. km. =
Central Baltic 202 000 sq. km. 4+ Archipelago Sea 8 300 sq. km. —|— Ala,nd
Sea 5200 sq. km.):

The stages of growth of jce The stages of diminution of ice

| Disl 39720 sq. km. T D9 74710 sq. km.
D2 58520 D,,8 134275
D,.3 151 330 D,7 191 700
D,.4 215 500 D6 205 260

4 (Dy55) (D155)

Taking the surface areas of ice as the ordinate of the socalled time dia-
gram described above, with 10 000 sq. km. as the unit, gives the picture
shown in Figure 44 for area D. For greater clarity the corresponding values’
of Jurva’s d-stages are entered in Figure 45, top part. However, because
of the small extent of the ice, the unit employed in the latter case is 10 times
smaller, i. e. 1 000 sq. km.

This method of presentation offers the advantage of making the ice
situations in the immediate vicinity of the culmination comparable, a necessity
from the point of view of continuous presentation. As the average date of
culmination in the winters of 1915-—1950 in the district of the Archipelago
Sea and the northern Central Baltic was March 8, the figure has been divided
into two parts at this point. The stages illustrating the freezing may natu-
rally occur also on the right-hand side of the dividing line and, conversely,
the stages illustrating the diminution of the ice on the left-hand side. It
is to be noted that in ice situations like D,;3—D,.8, illustrating severe ice
conditions in which the culmination is determined from the occurrences of
the southern Baltic, the date of the culmination is generally earlier than
Maxrch 8, being governed in the first place by the occurrences of the
northern Baltic.

95. Due to the great variations in the date of culmination the real
maximum value of occurrence of the ice stage need not show in the prob-
abilities of the occurrence of the stages computed for individual dates,
i. e. the probability of occurrence every winter of the stage; this value must
be determined separately. As e.g. stage D, 4, the total freezing-over of
the Central Baltic, in the 36 winters of 1915-—-1950, occurred three times
(in the winters of 1947, 1942 and 1940), the value of probability of occur-
rence every winter obtained for stage D, 4 will be 3/36 = 0.08. The corres-
ponding value obtained for the winters of 1880—1950 (winters 1893, 1888
and 1881 too) is 6/71 = 0.09. If, for the sake of comparison, the study is
extended to the 120 winters of 1831—1950, it is found that in addition to
the winters indicated above the total freezing-over of the open sea of the
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Central Baltic occurredin 1877, 1871, 1855 and 1838, making a total of 10 times
(SPETRSCHNEIDER 1915, 1927). This gives the value of 10/120 = 0.09 for the
probability of occurrence of stage D4 every winter. It may be mentioned
that SPEERSCENEIDER (1915) reports that the Central Baltic was frozen
over 3 times in the 18th century, 3 times in the 17th century, 1 time in the
16th century and 3 times in the 15th century. Jurva (1929) obtains the
value > 0.03 for the probability of occurrence every winter of the total
freezing-over of the Central Baltic.

The final probabilities of occurrence every winter of the various stages
are entered in the top left corner (undermost in the text) of the maps show-
ing the normal stages.

96. In order to obtain some idea of the course of the various types
of winters the author has grouped the ice winters of 1915—1950 by the
normal stage reached by the ice situation in the winter concerned by Feb-
ruary 1. The classification of the ice winters was as follows:

Normal stage Winter

d 1—d 4 1949, 1944, 1930, 1925
d 5—d 7 1945, 1943, 1939, 1938, 1937, 1936, 1935, 1934, 1933,
1932, 1927, 1923, 1919
d 8—d 10 1948, 1947, 1946, 1931, 1929, 1928, 1918, 1915,
a 11—d 13 1924, 1922, 1921, 1920, 1917, 1916
>d 14 1942, 1941, 1940, 1926

In each group the average course of the ice winter was determined from its
beginning to its end and entered in Figure 46. (In each group the average
course, or the curve corresponding to a probability of 0.50 was drawn as a
thick line; in addition, the area limited by the probabilities 0.25 and 0.75
was shaded.) '

The figure shows that the group of severe winters generally distinguishes
itself from the others by the end of January. An exception is e. g. the winter
of 1947, when the ice situation had only reached the normal stage of d 10
in its development by February 1, whereas March 1 the whole open sea
of the Central Baltic was frozen over. The course of the ice winters in the
different winters in fact is very varying; there are hardly two similar winters
to be found.

The present investigations into the severe ice conditions of the open
sea of the Central Baltic is based on relatively limited material. Later
investigations may produce details which, due to the incomplete mate-
rial, have had to be left undiscussed here or confirm results which must
remain unchecked in the present work. However, as severe winters
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Figure 46. The general conrse of different winters. The winters 1915—1950 are classified according
to the ice situation on February 1 and in every class the probabilities 0.25, 0.5¢ (thick line) and
0.75 are counted.

in the Central Baltic are rare it may be long before such investigations
can be undertaken again. IFor this reason the author has tried, with the
material available, to give an idea of the course of a severe ice winter and
to investigate the possibility of malking a mutual comparison of several
ice conditions.

16 2023/53
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I. THE NORMAL STAGES CORRESPONDING SEVERE ICE CONDITIONS IN
THE CENTRAL BALTIC.

The normal stage D,;1.
(Explanations afterwards.)
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