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FOREWORD

Studies relating to ice accretion on ships concern both the World Meteorological Organization (WMO) and the Inter-Governmental Maritime Consultative Organiz·
ation (IMCO) and the problem has been the subject of serious discussions at past
sessions of the WMO Commission for Marine Meteorology and at sessions of the relevant
sub-committee of IMCO.

As a result some Meteorological Services are issuing forecasts

or advisory messages relating to meteorological conditions liable to cause
cretion aboard ships.

~ce

ac-

IMCO has a particular interest in the subject due to a number

of catastrophes involving the capsizing of fishing vessels.

To foster joint action

by both Organizations, the IMCO Sub-Committee on the Safety of Fishing Vessels
invited WMO to co-operate with IMCO in some ice accretion studies and in 1972 the
Commission for Marine Meteorology appointed Mr. H. C. Shellard of the U.K. Meteorological Service as the rapporteur to study the meteorological aspects of the problem.
Mr. Shellard was subsequently requested by the Commission at its sixth
sess~on

(Tokyo, October 1972), to review the present state of research into the

meteorological aspects of ice accretion, and in particular the relationship between
the marine environmental conditions and the formation, development and decay of ice
accretion on ships and installations at sea in various waters.

The review made by

Mr. Shellard is published in the present report.
I have pleasure

~n

extending the grateful appreciation of the Organization

to Mr. Shellard for his thorough study of the subject.

(D. A. Davies)
Secretary-General
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SUMMARY
This report is primarily a revlew of the literature on the subject of ice
accretion on ships as it stands early in 1974.
Following an introductory section explaining the orlgln of the report,
Section II discusses the main types of icing experienced at sea, their causes and
their relative importance.

This is done in relation to the many papers published

on the subject over the past twenty years or so, taken more or less in chronological
order.

The material referred to comes from many different countries, particularly

from those which have fishing interests in northern waters and which have suffered
casualties due to ice accretion.

It includes not only papers which are generally

available in meteorological and other scientific and engineering journals but also
a number of documents issued by the Inter-Governmental Maritime Consultative Organization (IMCO) in connexion with its work on the safety of fishing vessels.

The

section concludes by summarizing our knowledge regarding the various types of icing
which occur on ships, both sea-water icing and fresh-water icing, each with its
several different causes.
After a short third section describing the effects of icing on ships, ice
accretion at sea in relation to individual meteorological elements is considered in
Section IV.

The next two sections are concerned respectively with current arrange-

ments for reporting ice accretion and for forecasting its likelihood and probable
severity.

These are followed by some remarks on the avoidance of the most hazardous

form of icing on ships, namely that caused by freezing sea spray.
The final section sets out some conclusions and recommendations of the
author.

It seems indisputable that the most common, and probably the most dangerous,

form of icing met with at sea lS that caused by sea spray.

The importance of icing

due to precipitation and fog, or sea smoke, has not been clearly established and
more information is needed.

However, the most hazardous situation is probably a

combination of low air temperatures and strong winds with simultaneous snowfall or
freezing rain.

As regards air temperatures, there appears to be no limiting temper-

ature below which the icing risk decreases.

The sea surface temperature seems to be
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of limited significance although it may be of consequence in particular situations.
Some suggestions are made for standardizing the various terms used by fishermen and
meteorologists to denote different kinds of fresh-water icing at sea.

It is recom-

mended that more reports on icing should be made and that further research should
be carried out into the problems of forecasting it.
The report includes the results of some new analyses by the author of icing
reports taken from IMCO questionnaire forms completed by skippers of United Kingdom
fishing trawlers which visited northern waters during three recent winters.
is an extensive bibliography.

There

IX

RESUME

Ce rapport constitue essentiellemen t un panorama de la litterature publiee sur
la question de l'accumulation de glace sur les navires jusqu'au debut de 1974.
Apres une section servant d'introduction , qui explique la genese du rapport,
la section II analyse les principaux types d'accumulation de glace rencontres en mer,
leurs causes et leur importance relative. Cette analyse est fondee sur les nombreuses communications qui ont ete publiees sur la question au cours des vingt dernieres
annees et qui sont reprises dons le rapport en respectant plus ou moins l'ordre de
leur parution. Ces informations proviennent d'un grand nombre de pays differents,
notamment de ceux qui participent activement a la peche dans les eaux septentrionales et qui ont enregistre des pertes du fait de l'accumulation de glace. Il s'agit
non seulement de communications parues dans des journaux meteorologique s et autres
journaux scientifiques et techniques, mais aussi d'un certain nombre de documents
publies par l'Organisation intergouvernem entale consultative de la navigation maritime (OMCI), en rapport avec les activites que celle-ci consacre a la securite des
bctiments de peche. Cette section du rapport se termine par un resume des connaissances actuelles en ce qui concerne les differents types de depots de glace qui se
ferment sur les navires, qu'il s'agisse d'eau de mer congelee ou d'eau douce congelee, chaque type de depot etant dO a l'action de plusieurs causes differentes.
Apres une breve troisieme section qui decrit les effets de l'accumulation de
glace sur les navires, la section IV examine le probleme de l'accumulation de glace
en fonction des differents elements meteorologique s en cause. Les deux sections
suivantes portent respectivement sur les dispositions actuellement en vigueur en ce
qui concerne la signalisation du phenomene d'accumulation de glace et la prevision
de sa probabilite et du danger plus ou moins grand qu'il represente. Ces sections
sont suivies d'un certa~n nombre de remarques sur la maniere d'eviter la forme la
plus dangereuse d'accumulation de glace, a savoir celle qui resulte de la congelation des embruns embarques.
La section finale expose certaines des conclusions et recommendation s auxquelles est parvenu l'auteur. Il semble incontestable que la forme la plus courante,
et probablement la plus dangereuse, d'accvmulation de glace en mer est celle qui
resulte du gel des embruns. L'importance des depots de glace resultant du gel des
precipitations et du brouillard ou du brouillard de mer n'a pas encore ete clairement demontree et il faudra disposer a ce sujet d'un plus grand nombre d'informations .
Toutefois, la situation la plus dangereuse est probablement celle qui resulte de
l'existence simultanee d'une basse temperature de l'air et d'un fort vent s'accompagnant de chutes de neige ou de pluie se congelant. En ce qui concerne la temperature
de l'air, il ne semble pas qu'il existe de temperature limite au-dessous de laquelle
le risque d'accumulation de glace diminuerait. La temperature de la mer en surface
ne semble pas jouer un grand role en la matiere, bien qu'elle puisse intervenir dans
certaines situations particulieres. L'auteur formule un cert9in nombre de suggestions en vue de normaliser les divers termes utilises par les marins pecheurs et les

X

meteorologistes pour designer differentes sortes de depots de glace formes a partir
d'eau douce en mer. Il est recommande d'etablir un plus grand nombre de messages
d'observation de l'accumulation de glace et de poursuivre les recherches sur les problemes que pose la prevision de ce phenomene.
Le rapport presente les resultats d'un certain nombre de nouvelles analyses
auxquelles l'auteur s'est livre sur les messages d'accumulation de glace extraits des
questionnaires de l'OMCI qui ont ete remplis par les patrons de chalutiers du
Royaume-Uni ayant fait campagne dans les eaux septentrionales au cours de trois
hivers recents. Le rapport comporte une bibliographie tres fournie.
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RESUMEN

Este informe consiste principalmente en un analisis de los trabajos publicados hasta comienzos de 1974 sobre la formaci6n de hielos en la superestructura de
los barcos.
Tras una parte introductoria en la que se explican los origenes del informe,
en la Parte II se examinan los principales tipos de formaci6n de hielos en aguas marlnas, sus causas y la importancia relative de cada uno de ellos.

Se utilize como

referencia el considerable numero de trabajos sobre este tema publicados a lo largo
de los ultimos veinte anos, siguiendo m6s o menos el orden cronol6gico de los m1smos.
Este material precede de poises diferentes, en particular de aquellos que practican
una actividad pesquera en las regiones n6rdicas y que han sido victimas de accidentes
debidos a la formaci6n de hielos.

Entre los documentos examinados figuran no solo

los que aparecieron en publicaciones peri6dicas de meteorologic y de otros sectores
cientificos o de ingenieria sino tambien una serie de trabajos publicados por la Organizaci6n Consultive Maritima Intergubernamental (OCMI) en relaci6n con sus trabajos
sobre la seguridad de los barcos pesqueros.

Termina esta Parte II con un resumen de

los conocimientos acerca de los diferentes tipos de formaci6n de hielos que pueden
producirse en los barcos, tanto hielos merinos como hielos de agua dulce, asi como de
las diversas causes que pueden originarlos.
Despues de una tercera parte bastante breve en la que se describen los efectos de la formaci6n de hielo en la superestructura de los barcos, en la Parte IV se
considera la formaci6n de hielos en el mar en relaci6n con los distintos elementos
meteorol6gicos.

Los dos partes siguientes tratan respectivamente de las disposicio-

nes que rigen el cifrado para comunicar la formaci6n de hielos y para prever la probabilidad y posible gravedad de la misma.

A continuaci6n figuran algunas indicacio-

nes sobre la manera de evitar uno de los tipos m6s peligrosos de formaci6n de hielo
en la superestructura de los barcos, es decir la motivada por el congelamiento de los
rociones de mar.

XIV
La parte final recoge algunas conclusiones y recomendaciones del autor del
trabajo.

Parece fuera de toda dude que el tipo de formaci6n de hielo mas comun y

probablemente mas peligroso que puede registrarse en el mar es el motivado por los
roc1ones.

No se ha determinado aun con precision la importancia de la formaci6n de

hielos como consecuencia de precipitaciones y de la niebla, esto es la bruma del mar,
por lo que es necesar1o disponer de una informaci6n m6s amplia al respecto.

Sin em-

bargo, la situaci6n m6s peligrosa es probablemente la motivada por una combinaci6n
de bajas temperatures del aire y vientos fuertes registrados simultaneamente con precipitaciones de nieve o de lluvia engelante.

En cuanto a las temperatures del aire

parece ser que no existe una temperature limite por debajo de la cual disminuya el
r1esgo de formaci6n de hielo.

La temperature de la superficie del mar parece tener

una importancia muy relativa,aunque puede ser decisive en determinadas situaciones.
El autor hace algunas sugerencias en cuanto a la conveniencia de normalizer los diversos terminos utilizados por los pescadores y los meteor6logos para designer distintos tipos de formaci6n de hielos de agua dulce en el mar.

Recomienda ademas que

se aumente el numero de informes sabre la formaci6n de hielos y que se intensifiquen
las investigaciones acerca de los problemas relatives a la predicci6n de la formacion de hielos.
El informe incluye los resultados de cierto numero de nuevos analisis que el
autor ha hecho de los informes sabre la formaci6n de hielos tornados de los cuestionarios de la OCMI cumplimentados por los capitanes de los barcos pesqueros de rastreo del Reino Unido que visitaron los mares del norte durante tres inviernos reclentes.

Tambien se incluye una extenso bibliografia.

The Meteorological Aspects of Ice Accretion on Ships
by H C Shellard
I

Introduction
Many vessels and their crews have been lost because of ice accretion, particularly
during the past twenty years or so as operations in polar and sub-polar seas by fishing
trawlers of many nations have intensified.
But such occurrences are not new and in
earlier times there were losses of sailing ships rounding Cape Horn and of whaling
boats and seal catchers in Arctic waters which were believed to have capsized because
of icing. ( 29)

*

Some of the post-World War II casualties are listed in Table I, giving, where
known, the name, nationality and tonnage of the ship, the date and place of its
disappearance and the source of information.
Although this list is probably
incomplete it makes it clear that casualties of icing at sea during the l960•s were
very considerable.
Thus it is not surprising that in 1968 the Inter-Governmental
Maritime Consultative Organization (IMCO) began to take a special interest in the
effects of ice accretion on the stability of fishing vessels and in 1969 set up its
Sub-Committee on Safety of Fishing Vessels.
One important result of the SubCommittee's work was that several member countries arranged to distribute special
questionnaire forms on ice accretion among skippers of their fishing fleets for
completion whenever they experienced icing.
The completed IMCO questionnaire forms are providing useful information on the
actual distribution of ice on the vessels during periods of accretion and permit
estimates to be made of the total weight of ice and its effect on stability.
In
some oases the estimated ice loads have considerably exceeded the icing allowance
recommended by IMCO in 1968 for use in fishing trawler design.
For example, of 407
reports of icing in northern waters on United Kingdom fishing vessels during the five
winters 1968-1973 there were 73 in which the IMCO allowance was equalled and 38 in
which it was exceeded- by loo% or more in 8 cases.( 70)
According to figures
44
submitted to the Sub-Committee in 1970 by the USSR( ) based on 99 reports of icing,
the probability of more severe icing than that stipulated in the IMCO allowance was
76% in the Baltic, 71~ in the Baring Sea and 60'1> in the Seas of Okhotsk and Japan.
Figures provided by the Federal Republic of Germany( 49) in the same year showed a
more than 8o% probability of more than the amount of
recommendation.
These IMCO questionnaire forms also provide for
during periods of icing but this section of the form
more detailed, even though in its present fo:nn it is

*

Annex I

ice stipulated in the IMCO
the entr.y of meteorological data
could with advantage be made
often incomplete because

2

instrumentation is often inadequate and it is impossible to make detailed observations
when a ship is in danger.
Thus much of the available information on meteorological
conditions associated with ice accretion on ships has been obtained in other w~s,
eg,from the voyages of research ships, from ship reports collected by Meteorological
Services and from laboratory (climatic chamber) experiments.
The IMCO Sub-Committee also invited WMO to participate in its work on ice
accretion on ships and in 1972 the Commission for Marine Meteorology (CMM) appointed
Meanwhile investigaa Rapporteur one of whose tasks was to prepare this review.
tions into icing on ships have been carried out in several countries and some of the
increasing number of papers on the subject which have appeared in recent years will
be referred to later.
II
'£yPes of icing at sea, their causes and relative imgortance
There are two main types of icing at sea, icing from sea water and icing from
fresh water.
Icing from sea water m~ be due either to spray and sea-water thrown
up by the interaction between the ship, or installation, and the waves, or to spray
blown from the crests of the waves, or both.
Icing from fresh water may be due to
freezing rain and/or drizzle, or occasionally wet snow followed by a drop in
temperature, or it may be due to freezing fog.(ll)
However, both types may occur
simultaneously.
Regarding icing due to fog there are some difficulties in nomenclature which
should be mentioned at the outset.
Two main kinds of fog are encountered over
the sea in high latitudes and if the droplets are supercooled either may give rise
to ice accretion.
One is fonned when damp air passing over a cold sea surface is
cooled from below until its temperature falls to its dew point and condensation
occurs.
This is advection fog and is of the same nature as fog formed in lower
latitudes, or overland.
The other kind of fog is formed by rapid evaporation from
the sea surface into much colder overlying air, the resulting fog being known by
many names, including sea smoke, steam fog, Arctic sea smoke, Arctic smoke, frost
smoke, water smoke, cold air advection fog, warm water fog, evaporation fog and
"the barber", the last being a crystalline form. ( 2• lB)
The terms "black frost"
and ''white frost" are frequently used, particularly by fishermen to refer to
freezing fog which does or does not, respectively, extend above the level of the
observer, or the bridge of the ship.(5)
But it is not clear whether the term
'~lack frost" refers to freezing fog regardless of its origin, or only to sea
Moreover, the term is sometimes used to refer to all kinds of fresh water
smoke.
icing met with at sea ;i..e,~to include icing from freezing rain or drizzle or from
wet snow as well as from fog droplets.
Some writers on icing on ships mention only ioing from sea spr~.
In one of
the earlier papers on the subject Sutherby(l), who was concer.ned mainly with naval
vessels, described the weather conditions leading to ice accretion as a strong wind,

3
a cold sea and low air temperatures.

He said that in these circumstances masses
of cold sp~~ were flung at the ship, the low air temperature chilled the steel
and the spray froze immediately on impact, there being no apparent limit to the
process so long as the weather conditions persisted.
Some years later the US
Navy Oceanographic Atlas of the Polar Seas Part II( 7 ) included charts showing
isolines of probability of icing based on the simultaneous occurrence of air
temperature -2°0 and below and wind speed 17 kt and over (weak icing) and 34 kt
and over {severe icing), thus implying that sea spray was the only important
source of ship icing.
Certainly it seems to be generally agreed that sea-water
icing is the most frequent form.
Probably the best way of conveying the present state of knowledge about the
various causes of ice accretion at sea and their relative importance is to briefly
survey the literature over the past twenty years or so, more or less in chronological order.
In an exam~ation of the meteorological conditions prevailing when the British
trawlers Lorella/Roderigo were lost off NW Iceland in January 1955, Hay( 4) concluded
that icing from sea water was the main cause but that icing from both fog (sea smoke)
and snow were contributory causes.
In a further article(5) he tried to estimate the
probable rates of icing from (i) supercooled droplets, including sea smoke (ii)
snowfall and (iii) freezing of sea spray and obt~uned fifBres of about 0.02, 0.2 and
2.0 tons per hour, respectively.
As pointed oui; by Lee 8 ) in 1958 there is reason
to believe that the water content of 3.5 x 10-6 gm/gm of air assumed by H~ for
category (i) was much too low.
A more realistic value(lB) of 0.1 gmjm3 •
0.8 x 10-4 gm/gm would have led to an icing rate for these ships of nearly 0.5 tons
per hour but, even so, this is much less than the 2 tons per hour believed to have
been caused by sea spray.
Lee estimated an ·icing rate on the Er.nest Holt due to
dense sea smoke alone of about ~ tons per hour, but this was for a ship having a
collecting area about 6 times as great as that of the Lorella or the Roderigo.
Arising from the losses of the Lorella and Roderigo,( 3 , 4,5) the British
Shipbuilding Research Association arranged for tests to be carried out on a 1/12
scale model trawler in a climatic chamber.
Their report, published in 1957,( 6)
$tated, "Of the several forms of icing which occur at sea the principal hazard to
the safety of the ship is that of ice formed from freezing spr~ blown over the
vessel.
Icing is to be expected whenever the air temperature and therefore the
temperature of the exposed surface of the ship is below the freezing point of sea
water and the wind is of such a velocity that spray is blown from the wave crests
and from the water broken up mechanically by the passage of the ship through the
sea.
The actual wind speed at which this will occur will be related to the
steepness of the wave front and the speed and lines of the vessel, but in a Force
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10 gale the amount of free water driven over the ship will be very considerable".
The report went on to say that the ice formed from freezing spray has a characteristic
glazed appearance and that this 'glaze' ice, confined to a few degrees only below
freezing, is particularly dangerous because of its high density and power of
adhesion, but that with a smaller rate of catch at a lower air temperature 'rime'
ice having a porous structure and matt surface is produced.
At very low
temperatures, below

-18°c,

the report maintained, the water striking the ship would

be in the form of small and dry ice crystals which would not adhere.

Regarding

''black frost" the report indicated that although a ship wi 11 be completely coated
with ice in a short space of time the weight deposited would not be very great and
that as this condition was usually met with in calm weather, the ice could be
removed mechanically.

Since the authors mentioned freezing rain separately, H

appears that they considered "black frost" to be icing due to freezing fog, although
the formation of sea smoke over the open sea would seem to require a moderate wind
speed in order to maintain a sufficient temperature difference between sea and air.
After stating that freezing rain is not often met with in sufficient~ large
quantities to hazard the safety of a vessel, the report claimed that sea-ice from
"green" water thrown on to the decks accounted for a large proportion of the total
ice weight carried by a dangerously iced ship, but that this water would not readily
freeze on the decks in large quanti ties unless trapped there by ice-choked rails and
f'~ing ports.
The model experiments themselves were carried out with the model head to wind,
stem to wind and at an angle of 30 degrees to the wind.
by fine vertical

sp~s

Sea spray was simulated

of water being blown on to the model by a horizontal wind

representing full-scale speeds of FOrce

9 to 10.

The initial water temperature was

maintained at +1°C and the air temperature at between -6aand -10°C, the free water
concentration being about 16 gmjm 3•

With head to wind the model iced steadily with

the greatest weight forward until it capsized, when the equivalent load on the full
scale ship (l 115 tons) was about 150 tons.

With stem to wind in the same

conditions and after the same time in the sprey there was a heavy ice build-up aft
but very little forward of the bridge, the equivalent ice load being about 90 tons
of graviu
and the centre / ot- the ice being more than 2m below that in the head to wind
condition.

With the model 30 degrees off the wind it iced up rapidly on the

windward side and heeled into the wind, causing more ice to be deposited high up on
the rigging so that the model capsized with less than half the load present in the
head to wind position.

The pattern of the ice formation was also studied and in

the head to wind condition it was found that of a total ice load of 145 tons about

45 tons were collected by the masts, derricks, rails, radar and rigging, with a
of g:r;a.vi ty
centre 1 15m above the deck edge.
The report concluded that while the removal of
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ice-catching rigging and deck rails would reduce the rate of icing the same weight of
ice would ultimately be deposited, and that the only sure protection was to withdraw
from the icing conditions as soon as possible.
In an article published in 1958 Mertins(9) described what happened to the German
fishing trawler '~llmannia" in about 65.8°N 32.0°W on 29 March 1957·

This vessel

was nearly lost because of heavy icing due to widespread sea smoke, and perhaps also
freezing drizzle occurring during the passage of a cold front.

She was saved only

by steaming eastwards in the shelter of the ice-edge, into warmer air.
0

a northerly gale with air temperature -5 C and sea temperature +5

0

There was

c.

A paper submitted in 1960 to the third session of the WMO Commission for
Maritime Meteorology by the Federal Republic of Germany(ll) enumerated the kinds of
ship icing and their consequences and outlined the state of knowledge at that time.
It stated that the basic condition was that the air temperature should be below the
freezing point of water (fresh water 0°C, sea water normally -l.8°C) so that water
particles striking parts of the ship and adhering would then begin to freeze.
Other factors listed were the salinity of the sea water, the wind force, the state of
sea, the sea water temperature, the speed of the ship, her course in relation to the
wind direction and her rolling period.

Sea-water temperature was held to have "a

great influence on the ice accretion aboard and especially on the speed of the
icing."

Fresh-water icing that occurred when rain, drizzle and/or wet snow fell

from warmer upper levels into a cold surface

l~er,

although very dense and strongly

adherent, was not in general considered likely to become sufficiently great in amount
as to endanger a ship.

Regarding fog, the paper stated that this often produced

rime ice at a rate dependent on the wind force.

Sea smoke was not mentioned but

"black frost,. was referred to as a term for fresh-water icing, with the remark that
it was not quite clear whether it comprised all kinds of fresh-water icing or only
icing by fog.

The contents of this document, which also quoted from the previously
6
mentioned BSRA report( ), have been largely reproduced by Hela and Laevastu in their
well-known books published in 1962(l4) and in 1970( 40 ).
2
In a 1961 paper, Yerokhin(l ) stated that the most intensive icing takes place
with the ship pitching and rolling, when she is showered with spray formed by the
slapping of the waves against the hull.

He also mentioned that icing may occur even

in calm weather in fog or frost smoke but that such icing was more uniform and less
severe than that due to spray.
According to Sawada( 13 ), writing in 19621 the majority of 31 Japanese ship losses
in the three years 1957-1959 were due to the freezing of spray on their superstructures,
due to strong winds and low temperatures, causing the vessels to capsize.

He

considered that the rate of icing depended on the air temperature, the sea temperature,
the state of the sea, the type of ship and on her speed and course.

On

the basis of
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reports from cod-fishing boats and on patrol boat experience Sawad.a quoted as limiting
conditions spray landing on the ship and an air temperature of -30 C or below,
observing that a ship is usually well bathed in spray when the wave height is 2-3 m.
But he indicated that in a very strong wind icing may occur when the air temperature
is higher than -3°0.

Sea trials carried out aboard two Japanese vessels in 1961 had

shown that ice forms most easily on the forward parts and that its development was
greater when the ship was heading into wind than when the wind was astern, although
the worst case was with the wind abeam, when large amounts of ice formed on one side
only.

Also the smaller the vessel the greater the relative weight of ice and so

the greater the danger of capsizing, which for the average ship became imminent when
the weight of ice approached 15% of the displacement.

In his paper Sawada included

a diagram (Fig,l) which relates the degree of icing experienced on Japanese ships to
air temperature and wind speed and which, he reported, was being used at the Hakodate
Marine Meteorological Observatory as an aid to forecasting ice accretion on ships.
In 1963 Tabata, Iwata and Ono(l5) expressed the opinion that snow and fog were
of little importance in the icing of ships and claimed that their laboratory results
confirmed this.

They also stated that when the sea water temperature was above 0 0 C

ice could be washed away if a lot of water was shipped aboard.
Dunbar(l 7 ) in 1964 extended the maps of icing probability given in reference (7)
to a southerly limit based on the 10% frequency of air temperature below 0°C combined
with a wind speed 17 kt and over, thus supporting the idea that sea spray was the
only important source of shipboard icing.
In 1965 Fein and Frieberger(l9) too considered the chief cause of ice accretion
on ships to be spray ''blown up at the ship from the wave crests and from the water
broken up mechanically by the passage of the ship through the sea".

In 1966 Tabata( 21 )

implied the same thing and stated that on the basis of ice-study questionnaires from
patrol vessels and also wind-tunnel experiments, icing may commence with air temperature
-2°0 and wind speed 10 m/a (19 kt) so that for fishing vessels in northern seas in
winter there was always a fear of icing.
Vasilyeva( 22 ) in the same year indicated that while the severity of icing
depended on air and sea temperatures, wind speed and direction, and the roughness of
the sea, most cases of dangerous lcing had been observed with winds above Force 6 and
with waves rising to 3 m or more in height.

However, in discussing the synoptic

conditions most favourable for ship icing he considered an invasion of strong northerly
wind in the rear of a cyclone, with snow or rain, to be the most characteristic
situation.
Icing from spray was also claimed to be the most widespread form of ship icing by
2
Shekhtman,( 5) who stated that it presented a great danger because of the abundance of
water particles, the very dense deposit and the assymetric growth of the ice.

In a
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later, 1968, paper( 34 ) the same author presented a table, reproduced below as
Table II, showing the frequency of icing from different causes, based on observations
made during the 1965-66 winter.
He pointed out that while sea spray was the most
frequent cause, icing also occurred comparatively frequently from precipitation, fog,
sea smoke or from a combination of all of these factors, either with spray or without
it, and with low wind speeds or even calm conditions.

The observations, consisting

of 409 cases of icing, were made in the Norwegian, Barents, Greenland and Bering Seas
and in the Seas of Japan and Okhotsk.
Table II

Percentage frequency of icing intensity on ships according to
cause (Data for 1965-66 winter - after Shekhtman)
Cause of icing

Icing
intensity

Sprey

Sprey and
Fog

Fast growth
Slow growth
No change

82
90
94

12
5
0

2
2

4
1

2

All oases

89

5

2

Shekhtman( 2 5~

Fog

Spray and
Precipitation

Precipitation
0

Number
of cases

2

2
2

52
303
54

2

2

409

indicated that the heaviest icing up of vessels had been noted with

storm-force winds and simultaneous snowfall, the resulting ice being ver,y tenacious
and difficult to remove.
Regarding sea smoke, he said( 34 ) that if it occurred with
high winds end extended above the ship's bridge then a lot of high density, tenacious,
ice would form on the upperworks of the vessel where it was hard to remove and was
very likely to affect the ship's stability.
According to Shekhtman this type of
icing is called "iron" by German fishermen and "black frost" by British, Canadian and
Icelandic fishermen.
In 1968 :Mertins(29) published his wel1-kn~ diagrams (Fig. 2) relating the
degree of icing on fishing vessels to wind force and to the prevailing air and sea
temperatures.
He pointed out that they relate only to icing due to spray (sea.-water
icing) which is the most frequent form, but referred to a second much rarer type of
1c1ng, viz. fresh-water icing or "black frost" which "occurs in Arctic frost-smoke
and can likewise be dangerous", as reported in his_ earlier paper.(9)
A memorandum issued by the United Kingdom Meteorology and Oceanographic Services
{Naval) Division in 1968{}!) described three mechanisms of ice accretion on ships,
freezing rain, Arctic frost-smoke and freezing spray.

The first was considered

unlikely to endanger a ship because rates of accumulation were insufficient, the
importance of the second was thought to have been exaggerated although it could not
be disregarded, and the third was.. prmwunced the most dangerous form.
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In

1968 Sawada( 33 ) in a paper on ice accretion on ships in northern seas of

Japan repeated his view that the main cause of icing was the freezing of sea spray,
while Bardarsoh 35 ) in 1969 considered that the usual reason for icing was the
freezing of sea spray blown over the vessel, the spray being partly ship-generated
and partly blown from wave-tops.

Bardarson mentioned that fresh-water icing might

form when supercooled rain or fog freezes but he did not consider this further
because it was "more common in typical arctic

wa~ers",

which Icelandic ships

presumably rarely visit.
Berenbeym( 36 ), also in 1969, observed that the phenomenon of icing on ships had
been studied ver,y poorly and that it was still not clear what types of icing were
dangerous but, after a brief review of scattered information on the subject, he drew
the preliminary conclusions that while spray icing was the most dangerous and most
frequently encountered form, other types of icing, particularly "black ice", had
important effects, and that the joint effect of several types of icing could lead to
catastrophic results.
In an anonymous report( 37) published in Fishing News International in the same
year and mainly concerned with testing de-icing

equipment, it was stated that two

types of icing were experienced in Arctic waters in winter, firstly, black frost and
secondly, icing due to sea spray.

The former was described as a freezing fog which

surrounds the vessel and which slowly causes a build-up of ice throughout her
superstructure, which if not checked could lead to the ship capsizing through being
top heavy, even in calm weather.

The latter was said to be more common, being

caused by sea. spray being thrown up on to the ship and freezing on impact.

Unlike

black frost it could produce an uneven distribution of ice.
In his 1970 paper Sawada( 4 l) mentioned no other cause of icing than sea spray
and wrote that the movement of cold air was the main factor in ice accretion on
ships.
Emmerich(SO), in an article concerning the Labrador fishing grounds issued in
1971 stated that apart from West Greenland there was rio sea area in the N. Atlantic
with a greater danger of ship icing by spray, but he also referred to the danger of
black frost causing icing on the Labrador fishing grounds in autumn and spring.
In another paper from

Germ~

published in the same year on the climate of the fishing

grounds off SE Greenland, Grunewald(5l) also mentioned two kinds of icing, spraywater icing and black frost or fresh-water icing, but indicated that the latter
could contain freezing rain as well as wet fog and that this made it diffioul t to
determine the effectiveness of its action.
Also in 1971, Stallabrass(5 2) listed five causes of icing on ships, viz.
supercooled fog such as Arctic sea smoke, freezing rain or drizzle, falling snow
(particularly wet snow), wind-generated sea spray (spindrift) and, most serious,
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sea spray generated by the passage of a vessel through heavy seas when air and sea.
temperatures are low.
Again in the same year in a paper on the meteorological conditions leading to
icing on sea-going ships, Vasilyeva(5 3 ) stated that icing is most frequently observed
when air temperatures are negative and spray is deposited, or when spray occurs
However, he also referred to ''black icett as
simultaneously with precipitation.
forming when the air temperature is -lGto -5°C as a result of freezing fog or drizzle,
and as being dangerous because it forms on the upper parts of a ship thus raising the
centre of gravity, and to '~hite ice" as being formed when the fog is shallow, and so
being less dangerous because it is deposited at lower levels.
6
In a more recent paper Borisenkov and Panov(5 ) considered that the most
dangerous icing is observed when low air temperatures are accompanied both by strong
They too
(particularly gale force) winds and by supercooled precipitation or snow.
distinguished between fresh-water icing caused by the settling of supercooled droplets
of fog or rain on the cold surfaces of a ship, usually observed in light winds, and
the more frequent sea-water icing caused by the freezing of salt water which has come
Borisenkov and Panov quoted the results of a
aboard as spray or as shipped water.
statistical analysis of more than 2 000 cases of icing on fishing vessels of the
USSR which showed that the most frequent cause was sea-water spray (89.8%), the other
causes being spr~ combined with fog, rain or drizzle (6.4%), spray combined with
For Arctic seas only; the
snow (1.1%), and fog, rain or drizzle alone (2.7%).
frequencies were sea-water spr~ 50%, spray combined with precipitation 41%,
precipitation alone 6% and fog alone 3%.
The present writer has analysed the reported causes of icing given in 178 icing
questionnaires, including reports on weather, completed by the skippers of United
The
Kingdom fishing vessels during the three winters 1969-70 to 1971-72.
questionnaire forms were set out as recommended by IMCO and were kindly loaned by
Frequently two or
the Marine Division, Department of Trade and Industry, London.
more causes were indicated as acting together but Table Ill gives the percentage
frequencies with which "sea spray", ''breaking seas" and "black frost" were given as
one of the causes, and also the frequency with which precipitation, usually snow,
Figures are given separately for occurrences of slight icing
was reported as well.
and for cases where the computed total ice load was t, 1 and 1! or more times the
This IMCO allowance specifies
IMCO standard allowance for icing on fishing vessels.
that all exposed horizontal surfaces (decks, gangways, house top~ etcJ should be
2
assumed to carry an ice weight of 30 kgjm and that the projected lateral area of the
vessel above the waterline (a silhouette) shall be assumed to carry an ice weight of
2
It may be noted that, taking the specific gravity of the ice as 0.85, a
15 kg/m •
2
load of 30 kg/m on deck is equivalent to an average ice thickness of about 3.5 cm.
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Table Ill

Percentage frequency of icing intensity in terms of IMCO
allowance, according to its cause, on United Kingdom
fishing trawlers, 1969-1972.
Cause of Icing

Icing
intensity
Slight
x IMCO Allowance

t

1
~lt

X
X

"
tt

All oases

"

"

Sea
spray

Breaking
seas

Black
Frost

Precipitation

Number
of oases

100

95
91
93

8
32
30
21

14
23
30
64

81
82
87
19

36
82
46
14

9.5

26

26

83

178

All these reports were from the N. Atlantic, mostly from the Icelandic and Norwegian
fishing grounds.
The figures confirm that sea spr~ is +.he most frequent cause of
icing but they suggest that at least in the N.Atlantic (c•f. Table II) precipitation
{usually snow) is probably a oontributo:cy cause in some 80% of cases and that "black
frost" is a factor in about 25% of oases.
The meaning of "breaking seas", also a
reported cause of icing on 25% of occasions, is not altogether clear but it probably
refers to the shipping of water on deck.
They were nearly always reported in
conjunction with sea spray.
De Angelis(?l) in a ver.y recent paper has presented a series of maps of the
North Atlantic showing potential icing frequency in each of the months from November
to April.
He defines moderate icing potential as existing when air temperature is
-2°C or lower and winds blow at 13 kt or more, the corresponding values for severe
icing potential being -9°0 or lower and 30 kt or more.
Icing rates are given as
about 3 inches {7.5 cm) per hour for moderate icing and greater than 3 inches (7.5
cm) per hour for severe icing.
It may be noted that although De Angelis also refers
to the various forms of fresh-water icing he does not consider them to be dangerous,
and that his potential icing oondi tions, being dependent only on low air temperatures
and strong winds, imply that sea spr~ is the main cause of superstructure icing.
To summarise, it appears that sea-water icing, the most common and probably the
most dangerous f'orm, can occur whenever sea spray is present and at the same time the
air temperature, and hence the temperature of most exposed surfaces, is below the
freezing point of sea water.
This depends on its salinity and ranges from a little
below 0°C in relatively fresh water seas such as the Baltic to a little above -2°0
over the oceans.
Spr~ m~ be either blown from the wave tops or generated by the
ship as she encounters
the waves.
A small vessel is likely to begin to generate
spray when a sea corresponding to Beaufort Force 5 has become fully developed and at
Force 6, ie. with mean wind speed well over 20 kt and wave heights of 3 m or more,
most small vessels moving against the waves are likely to become well bathed in spray.
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Spray blown from wave tops is not likely to become a serious source of icing,
however, until much higher wind speeds prevail.
This is because such spray is only
patchy and at a low level when it begins to appear at Force 5-6 and is not likely to
be blown in appreciable amounts above deck level until at least Force 9 is reached,
~e,at the point where the visibility begins to be affected.
Thus sea-water icing, from ship-generated spray, can begin to occur in clear,
even sunny, weather, if the air temperature is appreciably below -2°C (0°C in the
Baltic or other low salinity waters) and if a wind of Force 5 or more has been
blowing for some time.

A further contribution to sea-water icing may be made by
water shipped on board and flooding the decks but the point at which this happens
will depend not only on the weather conditions and on the size of the vessel, but
also on how she is manoeu.vered and on her design.
Whether such shipped water
contributes to the ice accret~on will depend on its temperature and on how freely
it can run away.
If it is near its freezing point icing mt\Y be increased,
especially if the water is retained on deck, ~.because freein€-ports are blocked,
but if it is appreciably above its freezing point then ice already formed from
freezing spray may be melted and washed away.
Fresh-water icing can occur when the air temperature is below 0°C and ther~ is
precipitation or fog.
Glazed frost, a clear deposit of high density ice,forms when
rain or drizzle falls into a cold surface layer of air where the droplets become
supercooled so that they freeze on impact and adhere strongly to surfaces whose
temperatures are near to or below 0°C.
Wet snow may also cause an ice deposit when
flakes at or near 0°C fall on a surface whose temperature is below 0°c, in this case
giving a more opaque ice of lower density.
Both these phenomena are probably rare
at sea and the amount accumulated is unlikely, by itself, to endanger a ship.
However, if icing from sea spray is also occurring then either freezing rain or snow,
whether the latter be wet or dr,y, may add appreciably to the total ice load.
Freezing fog results in rime ice of only moderate density the amount deposited
depending on the wind speed relative to the ship and on the water content and
duration of the fog.

At sea freezing fog may be either advection fog formed by the
cooling of moist air over a cold surface, ~g.near-freezing sea water, sea-ice or
nearby land, or evaporation fog (sea smoke) formed when ver,y cold air moves over
relatively warm water, a water minus air temperature difference of at least 9°0
apparently being required, although the relative humidity of the air is also an
important factor(lB).
Views concerning the danger of icing from sea smoke or
"black frost" differ considerably, some authors regarding i t as a serious
danger(B, 9, 29, 34, 37' 50, 53 ) and others believing that its importance has been
exaggerated( 31 • 42).
More information on this phenomenon and its effects seems to
be desirable and in this connection a standard nomenclature would be helpful.
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of icing on ship~
Ice accretion is particularly hazardous in its effects on small ships, ~~on
vessels of below about 1 000 tons, but even on large ones,~e.on ships of the order
of 10 000 tons, it can cause radio and radar failures due to the icing of aerials.
More recently problems have been
Visibility from the bridge m~ also be affected.
Apart from its
reported due to icing on the deck cargoes of large container ships.
~ffects

III

possible effect on stability this may cause difficulty in unloading cargo at the port
of arrival because the containers are frozen solidly to the ship.
So far as fishing vessels are concerned an analysis of 494 cases of icing
presented by Borisenkov and Panov(56 ) indicates that the principal areas affected are
the forecastle (74%), the deck (71%) the rigging (49%) and the superstructure (48%).
Icing over the whole ship, or of the stern, is seldom recorded (about 2% in each
case).
The added weight of ice leads to an increase in displacement and hence to a
reduction in freeboard and buoyancy so that the deck will commence to go under at a
Because muoh of the ice is deposited well above the deck level,
reduced angle of roll.
~g"' on the bulwarks, forecastle rails and deck, masts, stays, rigging and upperworks, the
centre of gravity of the ship is raised with a corresponding reduction in stability.
At the same time the "sail area" or "windage" of the vessel is increased causing an
increase in the heeling moment for a given wind speed.
Since the accumulation of
These are the main effects but there are some others.
ice is usually greatest on the forepart of the vessel the bows become more immersed so
that the amounts of ship-generated spray coming aboard tend to increase, reaching
Also uneven deposition of ice across
a greater height and covering a larger area.
the breadth of a vessel, eg in a beam wind, can lead to the development of a list
6
Borisenkov and Pano~(5 ) quote some figures indicating
which may be very dangerous.
that severe icing is generally caused by head and beam winds (88%) but point out that
even so skippers should not be recommended to alter course and run before a following
sea because this can, under certain conditions, create other hazards.
All the effects of icing mentioned above combine to adversely affect the
seaworthiness and manoeuvrability of a ship, its rolling period being increased and
its stability reduced until, if the accretion continues and ice cannot be removed,
See also a paper by
there is a great danger of instability and possibly capsizing.
6
Bardarson( 35) and the IMCO recommendations to skippers of fishing vessels( 9) for
further information on this subject.
IV

Ice accretion at sea in relation to individual meteorological
1)

eleme~t~

Wind speed

In considering the relationship between icing and wind it is necessary to
The former may occur in
distinguish between fresh-water and sea-water icing.
6
12
light winds or even in calm conditions,< • 5 ) although in the case of
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freezing fog the rate of deposition will increase as the wind speed relative
to the ship increases.< 27 )
For sea-water icing to occur, spr~ must come
aboard, the spray being either thrown up by the action of the ship itself
against the waves or blown from the wave tops by the wind.
The production
of ship-generated spray depends on the state of the sea, the speed and
course of the ship relative to the waves and on certain ship characteristics.
The wave height and direction depend largely on the wind force and on its
duration or fetch, and since more spray will strike a vessel when it is
moving against the waves than when it is moving with them (the waves hitting
the hull more frequently and with greater force in the former case) the wind
relative to the ship must be an important governing factor.
The amount of
spray blown from wave crests is dependent on the force of the true wind but
here again the amount intercepted will depend on the wind relative to the
ship.
writers quote a minimum wind force for the occurrence of icing from
sea spray, often without distinguishing between true and relative wind.
This varies from Force 5, its equivalent speed in m/s or knots or the
corresponding probable wave height of 2 m,(7, l3, l4, l7, l9, 3l) through
10 m/s(21, 25, 53) to Fbrce 6.(6, 11, 12, 22, 23, 36, 42)
However, as
Many

mentioned above, factors other than the wind force can be important.
For a
small vessel heading into short steep waves, particularly if there are
crossing swell waves, as discussed by Waldon( 27), spr~ icing may occur in
Force 4 or less while on a large ship with a high freeboard, steering a
favourable course at low speed, it might not become noticeable until Force 8
is reached. ·Wind tunnel measurements made by Tabata( 2l) in 1966 and by
Rubin( 3S) in 1969 showed that the rate of icing increased with increasing
wind speed from very low values up to the maximum speed attained.
For
example, at an air temperature of -18°0 Rubin found that the rate of icing
on a flat vertical panel was about 3 gm/cm 2/hr at a wind speed of 5 kt,
2
increasing to about 4 and 5 gm/cm /hr at speeds of 9 and 18 kt, respectively.
Table IV gives some figures taken from Shekhtman( 34) showing icing
intensity on Russian ships during the 1965-66 winter as a function of wind
speed.
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Table IV

Percentage frequency of wind speed ranges and average
wind speeds for various icing intensities.
(Data
for 1965-66 winter - after Shekhtman)
Wind ranges in m/s

Icing
intensity

Average Speed
m/s

Number
of cases

0-1

2-5

6-10

11-15

16 and
over

Fast growth
Slow growth
No change

2
1
2

4
8
22

12
29
39

42
43

24

40
19
13

15
12
9

52
303
54

All cases

1

9

28

40

21

12

409

In Table V a: similar set of fig11res, based on questionnaire forms
completed by the skippers of United Kingdom fishing vessels during the
three winters 1969-1972 and compiled by the writer, are presented.
Table V Percentage frequency of wind speed ranges and average wind
speeds for various icing amounts, in terms of the IMCO
allowance, on UK fishing trawlers 1969-1972.
Wind ranges in
Beaufort Force

Icing
intensity
) 1~- x IMCO Allowance

1

X

2

X

1.

"
tt

Slight

All cases

"

"

Average Speed
m/s

Number
of cases

7, 8

9 and
over

11
11

36
34
35
44

43
46
40
28

21
17
14
17

18.2
16.2
15.4
14.4

14
41
65
36

8

37

39

16

15.6

156

3, 4

5, 6

0

2

I

These results confirm that the icing hazard becomes more serious as the
wind speed increases but they also show that icing, probably main~ due to
precipitation or fog, can occur at low wind speeds.
2)
Air temperature
While icing can obviously occur only when the air temperature is below
the freezing point of the water involved there is considerable disagreement
about the upper and lower limit,s of temperature between which it may take
place.
Thus Sutherby(l) writing in 1951 gave limits of -1°to -15°C while
the 1957 BSRA report( 6 ) which has been widely quoted(lo, 11 ' 12 ' l4) gave
-4eto -7°0 as typical values and asserted that at temperatures below -18°C
the water striking a ship would be in the form of small, dr,y ice crystals
which would not adhere.
This same point was repeated by Fein and
22
Freiberger(l9) Vasilyeva( ) and Walden( 27 ) writing in 1965, 1966 and 1967
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respectively.
Sawada(l)) stated in 1962 that icing commenced at -3°C,
its development becoming ver,y marked below -6°c, and that below -8°C
spray freezes where it lands and does not run, but his diagram based on
observations from Japanese vessels (Fig. 1) implied that light icing
could occur at -1°C if the wind was sufficiently strong.
In 1968 the
33
same author( ) claimed that light icing begins as the air temperature
falls below 0°C and that heavy icing occurs below -6°C but in 1970(4l)
he suggested that in general ice accretion occurs within the range -4°
to -15°C but that it stops at below -16°C because the sea spray lifted
into the air freezes instantaneously and hits the hull in the form of
dr,y ice crystals, thus supporting the assertion in the 1957 BSRA report.
In 1971 Vasilyeva(5)) too stated that at -18°C small dr,y ice crystals
were formed as a result of freezing of spray and so did not represent
any danger.
The diagrams due to Mertins( 29) (Fig. 2) show an air
temperature range from -2°to -16°C but this only implies that all his
observations fell within that range.
However, in 1967 Shekhtman( 25)
quoted limits of 0°to -25°C, and although most of his observations fell
between -4°and -15°0, there were no fewer than 14 cases of icing of
vessels when air temperatures were from -19°to -25°C.
In his 1968
34
paper( ) the same writer amended his limits to 0°to -29°C quoting not
only the major disaster in the Bering Sea on 19 January 1965 (see Table
1) when the air temperature was -23°C, but also other cases of rapid
icing when temperatures were from -26~to -29°C.
Shekhtman considered
that previous writers,who had maintained that spray took the form of
small ice cr.ystals at temperatures below -16°or -18°c, and so became
harmless, had been mistaken and in view of the observational evidence
it is considered that his.view must be accepted.
Table VI is based on Fig. 2 of Shekhtman' s 1968 paper and shows
the dependence of icing intensity on air temperature based on Russian
data for the 1965-1966 winter.
Table VII gives a similar analysis
of data from United Kingdom fishing vessels during 1969-1972.
Both
sets of results indicate that the lower the air temperature the
greater is the risk of severe icing.
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Table VI

Percentage frequency of air temperature and average air
(Based on
temperatures for various icing intensities.
Shekhtman).
after
1965-1966,
data for
Air temperature ranges, °C

Icing
intensity

+1 to
-5

-6 to
-13

-14 to
-21

Fast growth
Slow growth
No change

6
21
24.

52
70
60

34
9
16

All cases

19

67

13

Table VII

<

8
1
1

Average temp.
oc

Number
of cases

-13.3
-8.9
-9·4

50
302

-9·5

407

55

Percentage frequency of air temperature and average air
temperatures for various icing amounts, in terms of the
IMCO allowance, on UK fishing trawlers 1969-1972.
Air temperature
ranges, oc

Icing
Amount

-1 to

-3

x IMCO
tx "

-22 and
below

-4 to
-8

-9 and
below

39

Average temp.
oc

Number
of cases

28

Allowance

11

tt

50
52
47

21
19

-8.8
-6.4
-5·7

33

Slight

27
34

All cases

25

49

26

-6.8

97

1 or li

36

38
In wind tunnel measurements Rubin( ) found that the ra·te of accretion increased
with decreasing temperature over the whole temperature range covered, -7°to -34°C.
6
The suggested -18°C lower limit has also been refUted by Borisenkov and Panov(5 )
who gave a range of 0°to -26°C and stated that, on the contrar.y, ioing is
itensified at air temperatures below -18°C, leading to catastrophic results.
The evidence then is that low air temperature is one of the main factors
leading to ship icing and that rates of accretion from sea spr~ probably
increase with decreasing temperature over the entire range of sub-freezing
temperatures.
Sea temperature
Some earlier sources, eg.(l) and (6), indicated that typical sea-surface
temperatures for icing of ships were between the freezing point of sea water
and about +1°C, while others, ~ (22) and (33), put the upper limit at +3°o ...
But there have been many reports in the literature, even in the 1950's,
+4°C.
3)

of icing with sea temperatures of +5°and +6°c, or even higher, and the diagrams
(Fig. 2) published by Mertins in 1968, which were based on observations from
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from slow-moving German fishing vessels,cover a range from -2°to +8°C.
These same limits were also quoted by Shekhtman( 25), who in a further
paper( 34) gave a diagram showing the variation of icing intensity with
sea surface temperature based on 326 reports of icing during the 196566 winter in the Barents, Norwegian, Greenland, Bering, Japan and Okhstok
This diagram is summarised in Table VIII.
seas.
Shekhtman pointed out
that these figures do not suggest any marked dependence of icing intensity
Table VIII

Percentage frequency of sea temperature and average sea temperature
for various icing intensities.
{Based on data for 1965-66, after
Shekhtman).

Icing
intensity

Sea temperature
ranges, oc

Average sea
temp. °C

Number
of cases

0 and
below

1 to 3

4 to 6

Fast growth
Slow growth
No change

30
19
20

36
66
51

33
16
29

2.0
1.8
2.1

30
251
45

All cases

20

61

20

1.9

326

on sea surface temperature, all three grades of icing occurring over a fairly
wide range of temperature and the average temperature associated with each
being nearly the same.
He concluded that icing intensity was determined by
meteorological conditions and not by the water temperature.
Comparable
figures extracted by the present writer from completed IMCO questionnaire
'
forms returned
by United Kingdom fishing vessels during the three winters
· 1969~72 are given in Table rx.
Table IX
Percentage frequencies of sea temperature and average sea
temperatures for various icing amounts, in terms of the
IMCO allowance, on UK fishing trawlers 1969-72.
Sea temperature ranges, oc
Icing
intensity

I

Average sea
temp. °C

Number
of cases

10

2.1
2.6
3.2

29
19

4

2.6

68

0 and
below

1 to 3

4 to 6

1 and
above

x IMCO Allowance
tt
tx tt
Slight

35
14
16

35
48
32

25
38
42

5
0

All cases

21

40

35

1 or

1~

20

Table IX also shows a fairly wide range of sea temperature for each icing
amount.
Although there is a tendency for the frequency of heavy icing cases
to be greater at the lowest sea temperatures and for the average sea
temperature to rise slowly with decreasing icing amounts, the number of
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observations is not sufficiently large to establish a clear relationship.
Tables VIII and IX agree in showing that heavy icing can occur with
relatively high sea temperatures (4°to 7°0) and the evidence seems to
refute the idea that sea temperature is an important factor in icing at
22
sea and, in particular, a suggestion by Alexander( ) that icing should
not be a serious threat in water depths greater than 1000 fathoms because
temperatures in such deep water rarely fall below 0°C, due to the mixing
According to Smith( 42 ), in
of surface water with warmer deep water.
winds of Force 10-12 and with air temperatures well below -5°C the sea
temperature is not a very significant factor and, in such conditions,
icing can occur considerably to the southward of Iceland with sea
Further evidence for the limited influence
temperatures as high as +8°C.
38
of water temperature comes from the laboratory studies of Rubin( ) who
found that the initial temperature of his spray water had a negligible
effect when the air temperature was below -12°0 and wind speeds were high,
and generally was of relatively minor significance.
The very limited importance of sea surface temperature, provided that
it is less than about +8°C, is consistent with the theory that the spray
droplets are very rapidly cooled to near the air temperature during their
Nevertheless physical considerations suggest that
flight through the air.
water temperature must have some effect, as also do Martins• diagrams and
To produce ice,heat has to be taken from the water droplets and
Table IX.
the lower their temperature on impact the more rapidly will they freeze.
For given wind and air temperature conditions this impact temperature must
depend to some extent on the initial water temperature, especially if the
Also sea surface temperatures
air temperature is not greatly below 0°0.
must have an indirect effect on the chances and severity of icing because
initially very cold air must be heated as it passes over a relatively warm
sea, thus reducing the degree of supercooling t·o which spray droplets would
have been subjected had the sea been .colder.
Other factors
Other environmental factors which have been considered relevant to the
problem of icing at sea by various writers on the subject include the state
4)

of sea and the salinity of the water.
State of sea is closely related to wind force but it is a complex
function of wave height, wave period and wave steepness, the actual values
of these elements often being dependent on the interaction between two or
Walden( 27 ) has pointed out that when there are crossing
more wave systems.
seas,

e~sea

waves and swell waves coming from different directions, a ship

19
will as a rule roll more severely, throwing up correspondingly more sea
spray than if only sea waves of the same height were present.
Although
not specifically mentioned in the literature on icing a further factor
which could be important in the relatively shallow waters in which most
fishing is carried out is the bottom topography.
This can have the effect
of refracting wave trains causing them to interact and thus giving rise to
precipitous seas in certain limited areas, as has been pointed out by
Pierson( 6o).
The salinity of the sea water appears to be relatively unimportant and
many authors do not mention it.
According to Walden( 2?) it exercises only
a small influence on ice accretion. However, in a communication to the writer
in 1972 from the Swedish Meteorological and HYdrological Institute it was
stated that in the Baltic icing occurs at higher air temperatures and lower
wind forces than are indicated by Mertinst diagrams, and it was suggested
that this was probably due to the low salinity (7°/00 in the northern Baltic
and 4°/00 in the Gulf of Bothnia).
This seems reasonable because the water
here will begin to freeze at about -0.5°C compared with about -1.8°C in the
open oceans.
Confirmation is provided by Kultasev et al~59) who report
that ice formation on the deck begins at an air temperature of -0.5~to -1.4°C
in the Baltic compared with -1.4°to -2.2°C in the Japan and Barents Seas.
Another effect of salinity is on the tenacity and hardness of the
accreted ice, which both decrease as the salinity in~reases, according to
Shekhtman( 34 ).
As sea water freezes brine separates from it and flows
downwards and Kultasev et al}59) state that the salinity of accreted i~e
at a height of 3 m is about 22°/00 ,,whereas close to the deck at a height of
0.3 m it is about 37.5°/oo, the strength of the ice at the lower level being
several times less.
Borisenkov and Panov(56) claim that the adhesion of
ice increases as the air temperature falls from 0 0 to -150 C but that the
adhesive force becomes less in cases where the water freezes at lower
temperatures.
Also that the presence of brine appreciably reduces the
adhesion of ice.
Smirnov( 6l) included the salinity of the surface water in
his list of important meteorological factors governing the strength of the
ice accreted on ships, the others being air and water temperature, wind
speed and direction relative to the vessel, and fog.
Mainly on theoretical
grounds he concluded tha~ the strength of ice increases rapidly as its
temperature falls to about -2°C and then increases more slowly, but that for
any given ice temperature the strength gradually decreases with increasing
salinity.
He gave an empirical formula for the strength of saline ice in
terms of its temperature and salinity, based on tests on sea ice, and quoted
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some numerical values, pointing out however that the formula needs
experimental verification.
V

Reportin~

ice accretion at sea

Provision is made in the WMO code-form SHIP, used for radio weather reports from
ships at sea, for the inclusion of reports of ice accretion, either in code or in
plain language.
"ICING".

If in plain language such reports must be preceded by the word

The coded form provides in a single five-figure group for reports of the

cause of the icing, the ice thickness and the rate of accretion.

The codes for
this icing group are currently undergoing review and some changes aimed at increasing
their usefulness have been recommended.

These changes include the add.i tion to the

icing report of the height above water level to which it relates and the attachment of
some guidance notes indicating where and how the estimates or measurements of ice
thickness and rate of icing should be made.
Besides these arrangements for reports on ice accretion to be made from ships of
the WMO Voluntary Observing Fleet, the Contracting Governments to the International
Convention for the Safety of Life at Sea, 1960 agreed that the master of every ship
which encounters sub-freezing air temperatures associated with gale force winds
causing severe ice accretion on superstructures, is bound to communicate the
information by all means at his disposal to ships in the vicinity, and also to the
competent authorities at the first point on the coast with which he can communicate,
for further dissemination.

The information may be transmitted either in plain

language (preferably English) or by means of the International Code of Signals.

It

must include the date and time (GMT), position, air temperature, sea temperaturP (if
practicable) and wind force and direction.
It has to be recognized, however, -that the occasions on which merchant ships
encounter ice accretion are few in number simply because most shipping routes do not
traverse waters where it constitutes a threat.

Vessels that operate in more

northerly (or southerly) waters, notably fishing vessels, are much more likely to
experience icing but because of the nature of their calling they are usually less
inclined to make reports, particularly at the time of the

occurrence~

Because of the need for more information on icing at sea and the difficulty in
obtaining sufficient reports for analysis, the Seewetteramt of the Deutscher
Wetterdienst in Hamburg began in the 1960ts to collect reports on special forms from
German fishing trawlers and cargo ships and these formed the basis of the diagrams
2
On similar lines IMCO has made a
due to Mertins( 9), reproduced in Fig. 2.
valuable contribution by urging its members to issue icing questionnaire forms to
skippers of their fishing fleets, on which they are encouraged to enter details of
any ice accretion which they may encounter together with such other relevant

information as positions, dates, times and weather conditions.

The forms are
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collected at the ships' home ports so that they can be analysed by the fishery
authority and form the basts of reports to IMCO, thus providing evidence for the
suitability of, or need to amend, its standard icing allowances.

They can also

be used by meteorological services for clima.tological analysis and hence for
practical a.pplicn.tion in planning or forecasting.
VI

.E2F~sj.~~ ~e ~cc~ejion,a\

sea
A fo:t•ecaster concerned with the problem of icing at sea has first to consider

whether or not the weather conditions in the foreca.st area are likely to be
favou.rable for its occurrence, taking probable developments into account.

He has

to decide whether there are likely to be sub-zero air temperatures in associatio.n
with strong winds {spray-icing) or in association with freezing precipitation, sea
smoke or advection fog (fresh-water icing).

If such conditions are likely the

forecaster therL has the considerably more difficult task of deciding how severe the
icing is likely to be.

As has been noted the rate of ice accretion on a ship

depends in part on such factors as the type a.nd size of the vessel and on her speed
and course relative to the wind and waves.

The forecaster cannot know all these

things, however, so the best that he can do at present is to indicate the probable
severity of icing in rather broad and mainly qualitative terms.
Wald.en( 27 ) has
suggested a possible solution to the problem, proposing that measurements of icing
should be made at fixed positions on a nstandard" fishing vessel under all possible
conditions.

At the same time measurements should be made on other vessels for

comparison with those on the "ste.ndardn vessel, which might be one of, say, 1000 tons.
When sufficient data had been accumulated and analysed the task of the forecaster
would be confined to determining and issuing an estimate of the severity of icing on
a "standard" vessel in the expected meteorological conditions and conversion factors
or diagrams would enable users of non-standard vessels to calculate for themselves
the appropriate degree of icing.

This clearly involves a long-term programme of

data collection and research.
At present, meteorological services which issue warnings or forecasts of ice
accretion include those of Argentina, Federal Republic of Germany, Iceland, Japan,
Sweden, United Kingdom and USSR.

Canada and the USA issue forecasts of

meteorological conditions likely to cause icing and Canadian local offices issue
warnings of the risk of freezing spray, but no attempt is made to indica·te the
likely rate or severity of icing.

The USA and Norway hope to issue icing warnings

in the future.
As an aid to forecasting, several services now use a diagram or set of diagrams,
based on past experience, relating severity of icing to meteorological conditions.
The best known are those published by Sawada ( 13 ) and lVIertins ( 29) , reproduced as
Figs. 1 and 2, respectively.

Surface winds and temperatures predicted from
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synoptic charts for the sea areas concerned are used in conjunction with the
diag.rams to estimate the probable severity of icing, usually in guali tati ve terms
only,

~g.light,

moderate, severe, very severe, or slow, fast, very fast.

Although

Mertins• diagrams do in. fact include average rates of icing in quantitative terms,
ranging from 1-3 cm/24 hr for light icing to ~ 15 cm/24 hr for very severe icing,
these rates apply to the bows and superstructures of relatively large stern trawlers
moving at low speeds and cannot be applied generally with any degree of accuracy.
However, these diagrams are used by the meteorological services of Iceland, Sweden
and the United Kingdom as well as Germany as an aid to the forecasting of icing at
sea.

They have also been widely reproduced,

52, 55, 63 and 66.

~g~in

references 31, 35, 36, 45, 51,

They are probably the best attempt so far to relate probable

severity of icing due to sea spray to meteorological conditions.
Sawada( 24 ) has pointed out, however, that the use of correlation diagrams based
on past experience has not always been satisfactory because of the difficulty of
forecasting the air temperature and of allowing for the sheltering effects of islands
and of sea ice in reducing the wave heights produced by a given forecast surface wind
speed.

Fbr the forecasting of ship icing near the Kuril

Islands he developed an
alternative method using the 850 mb height and temperature.
Vasilyeva(5 3) has also

referred to the importance of the 850 mb chart, it having been found that the most
dangerous zone for icing is located beneath the cold trough on the 850 mb surface.
Stallabrass( 52 ), although suggesting that the Mertins' diagrams should be used
for forecasting the severity of icing conditions, at least until more data become
available, has drawn attention to difficulties in predicting the degree of severity,
by quoting an example.

For a forecast Force 8 wind and forecast air and sea

temperatures of -4°and +1°0 respectively, the diagrams indicate a moderate severity
with a rate of 4-6 cm/24 hr.

But, Stallabrass points out, the forecasts of air
0

temperature may be in error by 3 or 4

0

c,

that of wind speed by one Beaufort Force

and that of sea temperature by at least 1°0.

Applying these tolerances, the

predicted icing severity could be anything from none to severe.
Several writers have described the synoptic conditions favourable for icing
in various ocean areas, e£~H~(4), Vasilyeva< 22 • 5 3 ), Sawada( 24, 33, 4l), Smith(4 2),
Stallabrass(5 2 ), Borisenkov and Panov(5 6 ), Kaplina and Cukanin(5B) and Terziev( 67 ).
There appears to be general agreement that in the northern hemisphere the most
characteristic synoptic feature for ice accretion on ships is a burst of cold
northerly winds, often accompanied by wintry precipitation, in ·the rear of a
depression.

The directions from which these icy winds are most likely to blow

depend on the area concerned.

Off the east coasts of Canada and Siberia the

damaging outbreaks of cold air usually come from the NW, in the Greenland Sea and
Denmark Strait they come mainly from the NE while in the Norwegian, Barents and
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Baltic Seas they come mainly from the E or even SE.

Vasilyeva has provided an

interesting analysis of the distribution of 3049 cases of icing according to wind
direction during 1965-1970, from which Table X has been derived.
Table X

Percentage frequency of occurrences of icing in various seas
according to wind direction (after Vasilyeva(53)).
Wind direction (degrees)
Sea

Number
of cases

271-360

1-90

91-180

181-270

53
50
82
68
19

41

1
5

5
25
7
22
22
10

733
623
250
284
953
108

24

87

Be ring
Okhotsk
Japan
w. Pacific
Barents, Norwegian
Baltic
Black, Azov
Labrador

20

-2

12
8
29
38
45
4

20

55
69

30
32

-3

-

11

The same author gives an analysis of 2069 cases of icing in relation to synoptic
conditions which is summarised in Table Xl.
Table XI

Percentage frequency of occurrence of icing in various
seas according to synoptic conditions (after
Vasilyeva(53)).
Synoptic conditions

Sea

of .Depression

Forward part
of Depression

Other
Conditions

57
72
93
75
43
4
79

32
21
3
19
46
66
16

11

~ear

Be~ing

Okhotsk
Japan
w. Pacific
Barents, Norwegian
Baltic
Black, Azov

7
4
6
11

30
5

Number
of cases
437
371
140
182
877
44
18

The more dangerous icing zone in the rear of a depression is usually found some
distance behind the cold front.

This is partly because this is where the lowest

temperatures occur and partly because, as a result of the change in wind direction
as the front passes, seas are confused or slight until the new air mass has blown
over the area long enough to produce waves of sufficient height to provide copious
amounts of spray.

Cases of icing in the forward part of a depression, which are

more typical of the Baltic, Barents and Norwegian Seas, occur when the air ahead of
the depression is drawn with increasing strength either from the Arctic (northeasterly winds) or from the cold inter~or of Eurasia (south-easterly winds).
Vasilyeva identifies a third synoptic situation which is typical for icing in the
Caspian, Azov and Black Seas but which also occurs in the Bering and Okhotsk Seas,

24
namely the forward part of a strong anticyclone.
6
Borisenkov and Panov(5 ) have referred to the possibility of developing a
numerical model for the forecasting of ship icing but pointed out that the shortage
of initial data (particularly aerological data) on marine conditions make this
They
difficult to realise until suitable data can be provided by satellite.
In a paper
considered that insufficient attention has been paid to this problem.
67
published in 1973 Terziev( ) stated that a method of forecasUng icing from 6 to
36 hours in advance had been developed in the USSR but he gave no details.
The avoidance of ice accretion
It would not be appropriate in a meteorological survey to go into this subject
in an detail but some general remarks on action which can usefUlly be taken to
avoid icing may be in order.
Clearly, the most dangerous type of ice accretion, namely rapid spray icing,
can only be entirely avoided by keeping away from any combination of wind speed.s
0
greater than about 20 kts with air temperatures below about -2°C (o c in nearly
If this is not possible and such icing conditions are encountered
fresh water).
then their severity is likely to be reduced (i) by running towards warmer conditions
(higher air and sea temperatures) at reduced speed but without undue delay (ii) by
seeking shelter in the lee of land or (iii) by running before the seas to reduce the
Bu.t these possible courses of action may
amount of spray thrown over the vessel.
Thus if the cold air is blowing off the land a vessel
conflict with one another.
Also,
seeking shelter will be running towards colder conditions and into the waves.
running before wind and sea can itself be a hazardous manoeuvre if seas are high.
It is sometimes Suggested that shelter can be obtained in the lee of the ice edge but
shelter seems likely to be precarious unless the ship is one which can safely enter
Although the waves will be lower near tne ice eage so long as the
the ice-field.
wind is blowing off the ice, protection from the wtnd itself will be small and botn
air and sea temperatures here will be at the~r lowest; thus if the wind changes to
blow along the ice edge heavy seas with severe icing conditions may soon develop.
This subject is also discussed in the IMCO "Recommendations for skippers of

VII

fishing vessels on ensuring a vessel's endurance in conditions of ice formation"
6
which were finalized in 1973( 9).
Conclusions and Recommendations
VIII
The uncertainties about the precise meanings of the term ''black frostn,
1)
as used by fisherman, and also of the many different terms useu to nenote
fog produced by evaporation from a water surface into cooler overlying air
"Black frost" is already used in
should, if possible, be removed.
meteorology to describe a condition found overland in which although the
temperature of the ground or of other terrestrial objects has fallen below

25
0°C it does not reach the frost point, so that there is no deposit of
hoar frost.
It is considered that its use at sea to denote a quite
different phenomenon should therefore be discouraged, particularly as
there is doubt whether, when so used, it refers to icing due to sea
smoke or to fresh-water icing in general.
It is also suggested that
the terms "Arctic sea smoke" and "Arctic smoke" should be allowed to
fall into disuse because the phenomenon they refer to is by no means
confined to the Arctic.
The general standard term for fog which is
formed by evaporation from a water surface warmer than the overlying
air might, it is proposed, be "evaporation fog", whether it occurs at
sea or over lakes, rivers, or even wet ground.
Evaporation fog might
then be considered as comprising three sub-types according to whether
its particles consist of (i) water droplets at a temperature of 0°C or
above, when it might be called "steam fog"i (ii) supercooled water
droplets, when it might be called "sea smoke" when it occurs over the
sea and "water smoke" when it occurs elsewhere, and (iii) ice crystals,
when it might be called "frost smoke".
2)
The most common cause of icing at sea is icing from sea spray,
other causes being freezing precipitation and fog or sea smoke, each
of which gives fresh-water icing.
Ice formed from freezing spr~ is
also probably the most dangerous form, mainly because of the rapid rate
at which it can accumulate.
Opinions vary regarding the importance of
snow and of fog, some writers dismissing them or ignoring them altogether,
others being more cautious.
The most hazardous situation is probably a
combination of low air temperatures and strong winds with simultaneous
snowfall or freezing rain.
Some writers have pointed out that sea smoke
extending above the ship's bridge in association with high winds can give
a lot of tenacious high density ice on the upperworks, where it is hard
to remove and because of its high centre of gravity can be a serious
threat.
It seems desirable that more information should be obtained about
this form of icing and its dangers.
3)
Ice accretion is particularly hazardous for small ships but it may pose
problems even for large ones.
Deposition on the upperworks is particularly
serious because of the greater effect on stability and the increased windage.
The rate of icing depends on the wind relative to the ship and severe icing
generally occurs in head or beam winds, the latter being especially
dangerous because of the greater deposition of ice on the windward side.
4)
The most important meteorological elements governing ice accretion at
sea are the wind speed and the air temperature, the higher the wind speed
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relative to the ship and the lower the air temperature the greater the
There appears to be no limiting air temperature
rate of ice accretion.
below which the icing risk decreases, as has at various times been
suggested.
Sea surface temperature is a factor of limited importance but it
Apart from its indirect effect in modifying the
cannot be dismissed.
air temperature it may govern whether or not ice will form in situations

5)

It may also affect the degree of ice
which are otherwise marginal.
accretion to some extent particularly when the air temperature is not
greatly below 0

0

c.

There is a continuing need for more reports of icing on ships and on
installations at sea, together with detailed reports on the meteorological
conditions accompanying it, but in view of the many non-meteorological

6)

factors involved some way of standardizing the observations is desirable.
Since fishing vessels and their support ships are most likely to experience
icing it is important that IMCO should continue to urge its Members to
collect data from their fishing fleets and to make them available to
meteorological services and also as far as possible to standardize and
improve their quality.
More research is needed into the problem of forecasting icing at sea,
particularly as regards its likely severity.
This review has been almost entirely concerned with 1c1ng on ships
8)
although the terms of reference of the CMM Rapporteur (Annex V para ( 1) of
7)

The reason for the
WMO - No 344) also included "installations at sea".
omission is that the literature contains little or no information about
The only mention of the subject found
platforms.
icing on offshore
was in a recent paper by De Angelis( 7l) who merely states "Icing may also
cause problems for stationary platforms such as drilling rigs".
Doubtless it is only in recent years that it has been thought that icing
might be important for such installations, with the d}scov~r.r of mineral
Probably all that can be
resources under the sea bed in high latitudes.
said until more data become available (see 6) above) is that offshore
installations are likely to be subject to icing as are ships, but because
they are either fixed to the sea bed or, if mobile, likely to be stationary
during bad weather, the accretion of ice upon them is likely to be less than
on a ship, which normally has to make some headway into wind and waves.
Differences in shape, size and function between ships and most installations
For example,
will of course result in different effects of iae accumulation.
a fixed installation is unlikely to capsize because of the weight of ice in"
the same way as a ship.
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ANNEX I

Table I

Ship losses believed due to ice accretion

-

Date

1942-43 Winter
26 Jan 1955
26 Jan 1955
25 Jan 1957
1957-58 Winter
1958-59 Winter
8 Feb 1959
8 Feb 1959
1959-60 Winter
1960-61 Winter
1961-62 Winter
1962-63 Winter
14 Jan 1963
Jan 1963
14 Feb 1963
12 Dec 1963
26 Deo 1963
9 Jan 1964
22 Jan 1964
14 Feb 1964

" "

"

2 Mar 1964
19 Jan 1965
"

ft

"

"

" "
" "

"

"

tt

"

" "
2
22
2
13
16

Feb
Feb
Apr
Dec
Dec

"
1965
1965
1965
1965
1965

31 Jan 1966

Name of ship
Natsek
Lorella
Roderigo
Tern en
15 ships
4 ships
Juli
Blue Wave
8 ships
6 ships
1 ship
1 ship
Lohengrin
Osterhavn
Taisei-maru
Yamasan-maru
Hoyo-maru
Okuni-maru
Hok:ushin-maru
Eito-maru
Zenpo-maru
Horyo-maru
Daian-maru
Sewsk
Sebedz
Nakhitchevan
Bauxitogorsk
6 ships
Choyo-maru
Zenei-maru
Kinsho-maru
Eiyo-maru
Ten;yu-maru
Myoho-maru
Kinei-maru

Nationality

.Approx. Position

Tonnage

USA

UK
UK

Denmark
Japan
Japan
Iceland
Canada
Japan
Japan
Japan
Japan
Germany
Sweden
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
USSR
USSR
USSR
USSR
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan

559
810
82
74 (average)
90(

"

)

78 (average)
88 (
"
)
75
83

Belle Isle Strait
Denmark Strait

"

"

"

"

Newfoundland Banks
Off Newfoundland
NW Pacific

17
64

298
96
92
84

52
24

tt

"

"

"

"

"

tt

"
11

47°59'N 141°18•E
·45 32 N 141 43 E
50 50 N 154 30 E
45 35 N 148 00 E
47 09 N" 151 41 E
43 42 N 140 30 E
43 21 N 138 10 E
49 27 N" 154 51 E
45 11 N 140 00 E
Bering Sea

51
44
46
48
45
45
45

16, 25
20, 34
33

"
"
"
"
"
"
"
25, 47

"

"

"

"

"

tt

"

"

"

tt

11

137

35

"

"

39
82
147
84

4

25
24

Baltic Sea
84
92
179
49
83

23

"

Greenland Sea
NW Pacific

"

Source*

52
52
37
52
48
40
57

25

N 155 36 E
136
N 138
N 155
N" 137
N 137
N 152
N"

57
58
39
50
45
04

E

E

33
33, 41
33

E
E .

33, 41

E

"

E

33

30

Table I cont'd
31
12
6
4

-

Date
Jan 1966
Feb 1966
Feb 1966
Apr 1967
Jan 1968
Feb 1968
Feb 1968

4

tt

tt

"

tt

"

27 Jan 1969
21 Feb 1969
2 Dec 1970

Name of ship
Myozin-maru
Shoho-maru
Blue Mist II
Shuyo-maru
St Ro1nanus
Ross Cleveland
Kingston Peridot
Notts County
Heidrun II
Tenyu-maru
Horai-maru.
Andrea

*

Nationality
Japan
Japan
Canada
Japan

Tonna.ge
84
182
B4

me
UK
UK

659
656

UK

Iceland
Japan
Japan
USA

Approx. Position

Source*

47°45'N 151°54'E
49 00 N 153 30 E
Off Newfoundland
48 23 N 140 34 E
On passage to Iceland
Off Isafjordur, Iceland
Off N Iceland
Nr Isafjordur, Iceland

33

"
97
96

"

Off Cape Yegorova
Off Cape Nosamu
Off Alaska

Numbers refer to the list of references on p. 31

tt

"
52
33, 41
35, 39
32, 35
35, 39
32
32, 35
41

"
71
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