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Thg following notes are extracted from Alr Minlstry Fublication
MO0 6. 393.

"Note for the Guidance of Porecasters on the gubject of Forecosts
of Ice Accretion on Aircraft (Revised)", 1942.

1. _General. ‘"he following notes ale written for the guidence of
Forecas ters, in order that action taken by them should be on unifori
and approved lines. Tt is assumed that, in every case, & recent
synoptic chart, properly analysed, is avallable. _

gtatistical evidence shows that in the British Isles ice
aceretion occurs in cloud below l;,000 ft. gbove M.S.T. practically only
during the months November to April inclusive. In abnormal conditions
icing may occur pelow 4,000 fte in May or October. Cases of ice fomr
ation down to about 4,000 ft. may occur at any time of year, and between
ﬁg,%oo and 15,000 ft. ice formation is more frequent in sumuer than in
winter.

The most dangerous temperatures for jce Tormation are
between 32°F, and 20°F. At temperatures below 15°F, serious ice foru-
ation is mainly 1imi ted to convectional clouds. In extreme cases, Wwith
strong convection, ice formation may occur at much lower temperatures.

In clouds with strong convection, water vapour which has
peen condensed into droplets at comparatively high temperatures is
carried up en masse, and so rapidly that even at temperatues below 207,
there may still be & large quantity of water which is not frozen, because
there have been in 1t initielly no ice crystals to start the freezing
procesg and. no joe crystals could descend into it from higher levels.
Thig region is therefore particularly favourable for 1ce formation on
gircralt entering it.

At temperatures above 70°%, (up to 35°0, ) ice may form
temporarily on 2 small scale on aireraft entering a leyer of air at these
te?peratures direct (usually by descent) from layers at temperatures below
32°F.

Apart from glazed frost (see section 5) convectional clouds
cause the worst ice formation. Aircraft: can usually avoid these in day-

" time though not in the night. They may also be unable to avoid them in

daytight at a cold front, or whers convergence or orographic influence

has resulted in an extensive mass of econvectional cloude. It follows #&het
cold fronts (or cold occlusions) ape on the average more ifmportant then
warm fronts for ice formations Warm fronts during or just efter o frost
form an exception to this rulee. Even when there is no glazed frost,
there ls sometimes an abnormal thickness of ice~forming cloud. At siild=-
enhall on January U4, 1939, temperature only Pell from 32°F., at the surface
to 27°F. at 6,000 f£t. and to 15°F. at about 10,500 ftT. Clouds were
continuous Trom 800 ft. to a great height and severe icing was reported.
Such conditions are lore frequent on the continent than in tne British
Iglese.

In hilly or mountainous districts the condenged water vapour
may be carried up by convectional currents, due to the nhills or mountains,
in the same way as 1t 18 carried up in convectional clouds originating
from purely thermal causes. Thus in these districts conditions will be
more favourable for ice formation than they are in flat country, sinply
because of this increased upward convection which ay result in relatively
dense supercooled cloud for the reasons given above.

Over the sea conditions may be very different to yvhat they
are over the land. This is due partly to the fact that in winter the sesd
is relatively warm and in suwmner relatively cold; and partly to the fect
that the sea 1s never dry, but provides & steady source ol water vapour,
whereas in sunmer, the waril season over the land, the earth's surrace 18
frequently dry and evaporation fpom 1t into the atmosphere may be very smal
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One consequence of this difference petween sea and land
is{ hat in winter cumulus and cumulonimbus clouds are more common over
the 'sea with the result that jeing conditions may be worse over the sesa
than over tha lande A factor of prime importance is the vertical
distribution of temperature. 1f there is an inversion of temperature
at a moderate height, the cloud will be stratocumulus, but if an apprec-
iable gradient of tempersture extends to great heights, then after a long
gea track the cloud will be ecumulus or cumulonimbus. A case of some
importance 'is thatha cold northwesterly current across the North Sea.

In such a current cumulus and cumulonimbus clouds increase both in cuantity
end thickness as they travel gouth~east, and by the time they reach the
German coast often form a dense mass of convadctive and upercooled cloud
with general bad weather conditionse.

Actual reports of ice may be received from Mildenhall or
Aldergrove, or from other places. To what extent the reported conditions
are general or local must be judged from the chart. Local variations are
most likely to be due to convection, which greatly affects the digtribution
of cloud and humidity.

2 No recent observations of upper air temperature svailable.

The lapse rate must be estimated by using all the relevant
information on the chart. The primary factors will be the surface air
temperature end the origin and history of the alr mass. Vthen condider-
ing the surface temperature the effect of nocturnal radistion must be
allowed for. This is often large at 7 h., but coast gtations with a wind
off the sea are not appreclably affected.

, with regard to the origin of the alr mass, polar air has
normmally a lapse rate close to the dry adigbatic rete up to the cloud base,
and a lapse rate about (or slightly above) the saturated adiabatic rate in
the layer containing clouds, since heat is usuelly being epplied to the
surface layers by the land or sea. The seme applies to maritime polar
air provided it has not passed too far southe In doubtful cases it 1s
useful to compare the temperatuxe at the coast station with the average sea
temperature for the month, and to use any available data from ships. Ir
the air temperature is below that of the sea the lapse rate near the sur-
face is adisbatic (sometimes superadiabatic in a thin layer)s If the

air temperature is above that of the sea, there is a small lapse rate
(often an inversion) in the surface layer.

In currents of tropical or sub~tropical origin there is
marked stebility in the lowest 2,000 or 3,000 ft. and upper.alr temperature
is well above the normal for the monthe The temperature difference betwee
{ropical air snd martime polar air is much greater up aloft then at sea

evel.

Continental polar air ig usually stable in winter, but it
pecomes unstable when erossing the North Sea, and if there are clouds an
ediabatic lapse rate will prevail at coastal stations up to the cloud level

In maritime polar air the steep lapse rate often extends
only to the height of a few thousand feet, above which there is an inver=
sion or stable layer. Tn estimating whether this is likely on an indiv-
jdual occasion it is important to take account of subsgildence. If the
isobars are curved anticyclonically, the air has nearly always gubsided.
Thus, for example, in e wedge there has usually been subsidence. In
estimating the level of the inversion the following considerations are
important. If there are clouds, i.e. flat~topped cumulus or stratocumulus
the inversion 18 1ikely to be at their upper surface which will frequently
be a practically level surface. The cloud laver is 1likéy to be not
more than 2,000 f£te thick (measured from the base of the layer cloud and
not from the base of the broken clouds which are frequently found beneath

layers of stratocumulus)

Observations of upper air temperature imade on the previous
day should be used with great caution. This applies not only to temper—
atures observed over the area under considerationy but also to temper—
atures observed the previous day over the area from which the air has come
and which the air might be asgsumed to have brought with it. Large nonh-
fpontal temperature changes in 24 hours may be due either to subsidence
nr to advectional changes apparently within an alr mass.
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3.{ Recent information of upper air temperature available from
Mildenhall, Aldergrove, Scilly, Lerwick or elsewhere.

This information should be used in conjunction with the
gynoptic chart. It is important that the information should be really
recent. If the observations refer to the previous day, or even to a
time several hours before, they must be used with caution as indicated in
the preceding section.

In the event of observations, recently rnade, not covering
the whole of the Bpitish Isles, or the region for which the forecast is
required extending over an area not covered by available data, the con-
siderations discussed in sections 2 and L must still be taken into account,
especially if there are frontal conditions in the neighbourhood. Allow~
ance must alsc be made For latitude effect = temperatures in the north of
Scotland may be appreciably below the values at wildenhall or Aldergrove,
indtghose in the south=west sppreciably above, though sometimes the rewerse

5 e case.

The general horizontal temperature gradient within an air
mass is not often much in excesgs of 1°F, per 100 miles. lii ldenhall and
Aldergrove are 315 miles spart, and in the perlod January - ilarch 1938,
the temperature difference at 800 mb. did not exceed L°F in 65 per cont.of
cagses. 0f the remaining 35 per cent., 19 per cent. were frontal and 16
per cent. non~frontal, In a few of these cases the temperature difference
was due to the variation in height of a subsidence invergions In wost
cases there was a wedge of high pressure or newly fomned anticyclone over
the British Isles. This 1s the condition which usually gives large hori-
zontal temperature gradients without fronts. In a few cgses tRere was a
cold or stationary front not far to the north or north~west of Aldergrove.
The temperature gradient in the warm air often steepens near the front.

Variations of temperature over small areas are occasionally
important, especially at about the base of inversions or stable layers.
ilinor fronts, sea breezes or oropraphic effects may cause an upward pro-
trusion of cold air under an inversion by 1,000 ft. or even more, and
undulations with an amplitude of a few hundred feet are gulte comion. A
case is on record when the observations on an aeroplane durlng the descent
- were about 7°F. colder than those on the ascent in a layer 2,000 ft. thick.
"hig cannot have been due to lag as there was an inversion above the layer
in guestion, the inversion being higher on the descending £light. The
observations are confirmed by an autogzraphic trace. The change was not
due to a recognisable front. This was ah extreme case, but 1t is iuamort-
ant to realise that local irregularities do occur. Thus if there are
clouds at a temperature only Jjust above %2°F, under an inversion there .nay
sti1l be conditions at no great distance favourable for ice formation.

e Fronts. In the case of an aircraft crossing a front an attempt must
be made to estimate the structure of the front as nearly as possible.

The angle of slope of a warm front is usually 1 in 100 to 1 in 150, and
of a cold front about 1 in %0. The width of the rain belt, though not a
reliable guide, gives some idea of the angle of slope. If continuous
rain falls some distance behind a cold front the angle is probably below
average, perhaps 1 in 100. At the boundary surface there is rarely an
inversion, but usually marked stability through a layer some thousands

of feet thick, with a lapse rate below the saturated adilabatic. Frecip~
itation in unsaturated air tends to reduce the temperature o the wet-bulb
temperature previously existing.

Many fronts over the British Isles have been occluded for a
considerable period, so that the original warm air has ascended to a high
level and the rain is due to convergence and the difference between the
two polar air masses. In such cases the lapse rate in the raln area is
roughly the saturated adiabatic. The lapse rate is usually somewhat
greater behind than in front of the rain belt. This holds also for rain
areas formed by the amalgaemation of cumulonimbus clouds at a minor front

in unstable air.

e Glazed frost. Owing to the rarity of tpue frontal inversions, glazed
frost is rare, being largely confined to low levels in winter. In the
British Isles true glazed frost (1.e. supercooled rain) is very rare, and
is aliost entirely confined to cases when very mild alr overruns Very c?ld
continental air of Arctic or Siberian origin. A case occurred in southern
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. On the continent and on the eastern gide of North America
glazed frost is not so rare as in the British Isles. It is most likely
at a warm front, but may occur pehind a cold front advancing from north-
east, as on February L, 1922 in Europ@e

A severe glazed frost oceurred over a belt extending from
Sussex and Hampshire across the south and west WMidlands to north Wales on
January 27 to 29, 1940, The meteorological conditions conformed with
those mentioned above. The glazed frost occurred behind a cold front
which moved slowly gouth-west against the component of the geostrophic
wind at right angles to it.

6. Supp lementary notes on jeing in cloud and its relation to visibiliﬁy
and size of drops.

- a - o~ - « -

(ix) Conclusions. = with these facts in mind the following conclusions
may be set doWn i~

(a) . In gtratocumulus where drops are small, the ice accumulation
will hot be repid even though visibility may be bad. Sometimes
there will be cumulus formation in a stratocumulus cloud and there
the icing may be rapid. In this cumulus formation the drops will
be larger and the visibility worse than in other parts of the strat-

ocumulus layer.

(b) In nimbostratus which has been in existence for a long time
the water drops are likely to be large and so icing may be rather
more rapid even though visibility is not very bad.

(¢) Broadly speaking the rate of ice accumulation will be more
raplid in convectional clouds the bases of which reach down far be-
neath the freezing level than in those with bases only a short way
beneath the freezing level. The reason is that in the forer case
more free water is likxely to be available than in the latter. Vig=
ibility may be no guide in this case.

(a) In general, the nistory of the air mass is of great importance
in assessing the probable amount of free water availsble and the drop

size.

(e) In a cloud with strong vertical currents, such as cunulus and
cumulonimbus, the amount of free water is high because even larie
drops are supported by the upcurrent. It has often been reported
that ice accumulation is heavy in the cumulus and cunulonimbus clouds
which are found with very low bases over the Horth 8ea in vpolar curr-
ents. These clouds have travelled long distances over corparatively
warm seas, and though the surface temperatures are only, say 5%,
it is quite likely that the amount of free water in theae clouds 18
very high, because they will have grown as they travelled = the water
vapour in the clear air, continually going up through the base of the
cloud, condenses on peaching the cloud and makes it grow bigger, and
owing to the up~current in the oloud the larger cloud drops are kept
in it

(r) In massive calumus cloud the icing is more likely to he havy
in the heart of the cloud than neer the perimeter or the base, partic~
wlarly if the base 1s sharply defined.

(¢) If the base of a cloud 1o0ks woolly and temperature 18 sultable
it 1s more likely to give heavy icing than a similar type of cloud
with a sharply defined base.

Conclusion (g) must be looked on as tentative as 1t is
reached by inference from the physics of clouds.

(x) Icing in Snow Clouds. = Theve have been reports that icing has occ~
urred during snov. Since, howover, dry snow will not stick to the plane
end melting snow is of necessity at a temperature 2bove freezing, it micnt
be thought &t fiprst sicht that the occurrence of jeing in snow was a conv
iradictions It is probable that the explanation is =8 follows i~
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In a cloud of considerable depth and particularly
in a precipitating cloud the top of the cloud is show.
Lower down, however, it is likely that there are cloud particles
of supercooled water. "

The snowflakes from up &bove will fall with considerable
speed relative to the cloud particles and so in some laycrs
with temperature appreciably below 32°F. theve will be a lalx-
ture of snow and supercooled Arops. The snowflakes, it is
true, will tend to increase at the expense of' the water drops
but snow and water will exist for some time tozether at lemr
peratures below freezing.

The condition is not what is zenerslly undergood o
snow, a term applied to snow in process cf uselting, but an cer
oplane flying into such a cloud will collect a mushy sort of ice
rather rapidly, the snow being stuck on by the freezing clou
particles.
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