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ATRCRAFT ICING OVER THE EASTERN NORTH ATLANTIC

by
P,X. Rohan and F. 0 hAonghusa

INTRODUCTION ;

A considerahle proportion of seronantieanl engineering liferaturs
is devoted to the resulte of recent research in deé-icing and anti-
icing methods, In spite of the advances made possible by this research,
ice aceretion on the extérnal surfaces of aircraft continues to bhe a
serious hazard to safe and regular flight operations. Experienced
pilots regard ice accretion as one of the most dangerous meteorological
conditione whiech can arise and airline operators in some countries at
least, have regulations which prohibit the release of flights infe zones
of severe icing and restriet the release of flights into zonss of lesser
ieing intensity,

The metoorologist providing service to aeronautical interests is
continually faced with the problem of forecasting the location and in-
tensity of icing conditions. Renewed interest in research in elound
physice in recent years, stimmlated by the theories of rain formation
put forward by Bergeron (1935} and by Findeisen (1938), has contributed
mich to the forecastsr's knowledge of factors governing the formatiom
of ice on aireraft, but the forecasting of icing conditions continues to
be a problem with special ditfisulties, These difficulties arise from
a lack of standard measurements of the relevant meteorclogical parsmeters,
the great variability of these parameters within relatively small areas
and over short durations, and the difficulty of obtaining standard
measurenments and achieving unjiform classifieation of icing intensity,

The meteerclogical variables of importsnce in determining the rate
of ice aceretion are as follows:=

a) Ambient temperature,

b) The effect of air speed on the temperature of the surface
exposed to icing.

¢) Liquid water content per unit velume of cloud.

d) Diameter of waler dreplats,

The meteerologisi can determine the first two of these with reason-
able aeocuracy with the aid of synoptic charts, the reports of upper air
temperature ascents, and a lnowledge of the air speed involved.

Measurements of (¢) and (d) are not normally available and the fore-
caster has to depend on knowledgse of the origin and stage of development
of the ecloud formation to estimate whether there is a suffiscient density
of supercooled water dropleis of dimensions suitable for ice asaretion in
clouds, In doing this, it iz necoasary ito take geographiecal influences
into account since particular cloud formation in one region may have a
significantly different strueture, in so far as aireraft icing is con-
cerned, from the same type of cloud in another region. Thus, experienced
airmen tell us that the iecing conditions in the fop of ecumilonimbus in
tropical thunderstorms are far more severe than anything met im middle
latitudes,

This paper giveSan analysis of the airceraft reports reseived at
Sheanon direetly from aireraft in flight in the Shannon/Prestwisck Flight
Information Regiom (F.I,R.) in the 12-month period Ostober, 1953 to
September, 1934, inelusive, in an e¢ffort tc provide some information on
the meteorological conditions favourable for ice formation in that
particular area and on the frequency with which various intensities of
icing are reperted, The boundary of the Shannon/Prestiwick F.I.R, is
ghown in Figure 1,

Non-meteorological factors which influence the ice acerstion on the
formard surfaces of an sireraft are associsted with the design of the
aireraft, Thus, while meteorclogists scan determine the effeet of air-
speed on the femperature of the surface exposed to icing, the effect of
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variations due t{o aiprspeed is freguenily masked, as diffsremt ranges
of airspeed are frequently assogiated with differences im airoraft
type each with particular ssrodynamic charasteristice influencing the
aird;;a.f/t's valnerability t¢ ice accretion, This paper giveg some
tabular data on the frequensy with which different sircraft types
reported ico over the year under meview,

Clagsifioation of Aireraft Iojng:

Because a patisfactery icing mate meter for routine use on com-
mercinl aireraft is not yet available, meporis on the occurrence of
ioing on the outer surfase of commercial aireraft are based on nen-
instrumental obgervations., This method of reperting intemsily is
neceasarily subjective and is influenced by airoraft parsmeters which
are difficult to campare, Howsver, Perkins (1952) reports that astual
comparisons made in the United Statss between the total ice sapretion
values given by measurements on an icing rate meter and the pilet's
estimate of the icing intensity, based on his observations of swoumu-
lation of ice on the frame of one type of aircraft and the corresponding
effocts on aireraft performance, are very consistent,

The severity of icing is related to the rate of ice assretion on
the frame of an aircraft and in eivil flights may be reported as "light",
"moderate” or "heavy.®

Light ipoing is reporied when the accumulation of ioe presents no
gerious hazard and can be dispersed by operating de-icing equipment.

Moderate ioing is reported when the de-icing equipmweni provides
marginal protection, the ice continues to ascumulate but not at a rate
sufficiently fast to affect the safety of the flight unlees it con-
tinues over an extended peried of time,

. ere ic is réported when ice builde up rapidly in
spite of desioing procedures., Heavy icing may canse marksd alteration
in speed or altitude and, §{f contipued over a period, would seriously
affect the gafety of the flight.

Réports of icing using thia clagsification, while related to the
rate of iee accretion, are also influensed by the eharacteristice of the
particnlar aireraft and the type of de-icing equipment used.,

Aireraft Wesathep Reporting Pmo@éﬁlms

During the period to whish this survey refers, every transport
aireraft flying over the North Atlantic Ocean and operating im ascerdance
with ICAO procedures was required to make and record a meieorological
observation at hourly intervals at the same time as the pesition report
was made, Thege obgervations were sent with the poaition report via
the air~ground ¢ommunications channels to the appropriate Air Traffic
Gontrol oentie and were passed immediately to the associated Mateoro-
logical O0ffiee. In the Shannon/Prestwick FIR, the hourly aircraft
weather reports were in this way received at Shamnon eifher directly
from the aireraft or in eoliective bulleting from Prestwick, The vast
majority of the reports from the Shannon/Presiwick FIR were received at
Shannon either by direct transmission to Shanmmn or wers intercepted by
ghannon in transmission to othei Gommunications centres. All reports
received from the PFIR were disseminated in collestive bulletina to other
Meteorological officesn. '

The reports were received ip ccde (POMAR) or in an sbbreviated
plain langnage form, They normally included, in addition to the
position, altitude and time of the observation, observations of flight
conditions, wind, corrested temperature, pressure data, cloud and westher
ag observed at flight level and soms operational information of a mon-
meteorological charaster (e,g. fuel aboard). Details of turbulence and
icing encountered were added as appropriate, but "nil" reports were not
made when no icing or tmrbulence was reported. In the period under
review somes, but net all, airscraft reported airspeed and some reporte
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included remarks ou weather phenomena observed (e.g., frontal passages)
which are always very ussful to the forecaster.

Prior te September, 1954, icing reporte in eoded (POMAR) mossages

were olassified as light, moderate or heavy with an indication of the

time within the last hour at which the icing was observed together
with particulars of whether the icing occurred in cloud or precipitation.
The formm introdused in September, 1954, which was the last month of the
survey, restricted the classification of iecing to light, moderate, and
severe without refersnce to the exset fime of occurrence oF the medium
in which icing was experienced, Considering weather reporte from air-
eraft as aids in the provision of meteorological service to flighis,
this ohange was a rotrograde step as reports on the new form left the
meteorologist in considerable doubt as to the extent of the area in
whieh ieing ocenrred, though of course with & number of reporis in a
partieular area it was frequenily possible te determine from aireraft
reporte the limite of the area in which icing occurred. This is how=-
ever no longer possible in 1956 since with the introduction of a pro-~
cedure in which reperts are made af specified meridian lines, the
spatial distribution of weather reports no longer exists and it is no
longer possible to indicate from even a large mimber of aireraft reports
the extent of an area in which hazardous conditions such as icing exist.

Distribution of Aircraft Reports im the Shannon/Prestwick FIR:

In the 12-month period under review, reports were not at hand for
4 full days (27th, 28th October, 7th November and 17th January) but in
the remaining 361 days 37,746 aircraft reporis were received at Shanncn
direet from aireraft in flight over the Shannon/Prestwick Oceanic FIR.
The distribution of these reports over the area is shown in Figure 1.
The figures on the diagram represent the total mumber of reports for
each l-degree space over the enfire 12 months, To facilitate extrast-
ion and tabulation of data, reporte from the shaded portion on the edge
of the F.I. R, Somth-west of Shannon as shown in Figure 1 wers excluded
from the survey.

No weather report was received from any aireraft above 25,000 feet
which msy be regarded as the operating ceiling of the types of com-
mercial aireraft operating over the North Atlantie- at that time,
Reports were regeived from aireraft at heights spaced at 1,000 feet in-
tervals from 25,000 feet downwards. Westbound and Southbound sireraft
operated at even heights (2,000, 4,000, 6,000 feet, ete,), while North-

bound and Eastbound operated at odd helghts (3,000, 5,000 feet, ete.)

The reports have a marked concentration in the aresa betwsen
latitudes 50°N and 55°N where over 70% of the total number oceour, .
The density of roports falls off to the North of 55°N and is consider-
ably less South of 50°N, 1In three l-degres spaces no airerafi weather
observation was made in the entire 12 montha,

The largest mumber of reports was received from the degree-gpace
bordered by 53°N, 54°N, 13°W and 14°W, This maximm total of 1,066
reports representing an average of a little less than 3 reports per day
for all heights is probably due to¢ the fact that airecraft departing
Shannon Westbound were very fmquently in this space at the end of the
first hour of flight. .

The frequency of sireraft weather reports on the North Atlantic
has a marked diurnal variation with a maximmm pumber of reports per
hour being reeeived in the hours between 0200 and 0600 GMT, and a
minimum in the early afterpeon (1200/1800 GMT.). There is alsc a
marked variation over the year in the number of reports received per
day, due to the seasonal pattern of trans-iAtlantic flight frequency

with heavy schedules in the Summer months and light schedules in the
Winter months,

Analysis of Airsraft Reperts of Ieing:
In the Shannon/Prestwick FIR, 582 reports of iecing were received
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from aireraft in flight in the FIR in the 12-menth peried, This

total includes a few cases where freezing rain or freezing drizzle was
reported without specific mention of ieing, it being assumed that such
phenomena would irvariably result in ice accretion, It was further
assumed that, in such eircumstances, in the absenee of specifie reference,
icing would be moderate.

The mmber of icing reports received, representing 1.,5% of the
total mumber of airerafi reports in the FIR suggests that the incidense
of icing conditions is smaller over the Eastern North Atlantic than over
Canadian air routesg where it is estimated that aireraft spend about 5%
of their flying time in icing eonditions (value quoted by Schaetzel,
1955)., While one would expect differences in the frequemey of icing
over the two areas with such marked climatic differences particularly
ag regards temperature, the figures camnot be direectly related due to
differences in the pattern of flight operations, Over the Atlantic
most flights operate at heights above 10,000 feet and can frequently
aveid flying through onmliform eloud., ‘Transocean flights can be and
trequently are planned to avoid areas of suspected ioing conditions.,
‘A large proportion of domestic flights over America operate below
10,000 feot where it is not so easy to aveid eloud. With the airways
system it is not quite so easy to plan to avoid areas of suspected
icing conditions, Differonces in the type of airoraft used in the two
areas would algo make it diffiemlt to ~compare the occurrence of icing
econditions in the {wo areas,

FPigure 2 shows the geographical distribution of icing reporis
over the Shannon/Prestwick FIR in the period under review. The vari-
ation of lcing with longitude is such as could be due to random sampling,
The variation of icing with latitude is shown in Table 1. While there
may be a significant variation with latitude in the distribution of
aircraft reperts at different heights influencing the latitudinal dis-
tribution of ioing reports in the FIR., Table 1 suggests a small but
definite terdency for icing to oceur at highor latitudes.

Table 1 - Variation of Icing with Latitude in the Shannon/
Prestwick Oceanio FIR, October, 1953 to September, 1954

Lat'itt:de No. .of Reportis PeMntm
With Ieing Total frequency
61N . .
_ 24 1346 1,78
S9N _
51 1942 2,63
JIN
93 4120 2,26
25N
198 12007 1,65
53K : |
160 11563 1.38
JIN '
44 4394 1,00
49K
3 1244, 0,40
47N
4 608 0,66
3 522 0.357
43N
Total 582 37746 1.54

Table 2 gives a sumaary of the reported ocecurrence of different .
intensities of ieing each month,
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Table 2, - Bummary of osgurrence of icing of different
intensities sach month,

Hﬁu'»af Ne, of reports 'o.lt Toing Percentage
aft ;

Konth ;i;‘;:.‘t,, Heavy |Modorate| Light | Total | fFedueney
et., 2,820 1 15 35 51 1.8
1953 |

Nov., 2,367 3. 15 35 | 53 2,2
1953 :

Bec., 2,684 3 14 28 45 1,7
1953

Jan,, . 2,477 . 1 11 33 43 1.8
1954

Feb,, | 2,078 3 12 28 43 | 2,1
1954

Mar., 2,441 3 13 25 41 1.7
1954

Apr., | 2,909 1 3 31 35 1.2
1954
1954

June, | 4,161 ) 3 27 30 0.7
1954

ly, 4,037 1 4 26 31 0.8
1954

Aug, , 4,042 1 7 47 55 1.4
1954

Bept., 4,142 3 18 92 | 113 2,7 .
1954 -

Total: ‘| 37,746 20 122 40 | 582 1,5

’rréqnenoy of ising conditions appears to be higher in Winter
months than in Summer,

g The .high frequeney in September, 1954 is believed to have been
abnormal for that time of year.

No icing was reported in 135 of the 3601 days. No icing was
reported on'9 conseocutive days on two oceasions in the period (10th~18th
April, inolusive, and 21st-29th June, inclusive), while on one day (23rd
September, 1954) 11 reports of icing were received. 9 of these cases
wore observed between 0000 and 0700 GMT, and at he1ghts which varied
from 12,000 to 21,000 feet,

Pigures 3 and 4 give the surface and upper air flow over the area
at that time,

A summary of the number ef occagions on which differeat numbers of
iecing reports were received per day over the period is given in Table 3,

Table 3, -~ Number of dﬁys on which varions mmbers of cases of
Ioing were reported - period October, 1953/
September, 1954

Ro, of reports
of Ieing per
day ¢ 1 2 3 4 5 6 7 8 9 1o It

No, of days on
which the given
nupber cceurred 135 80 51 39 29 11 9 3 2 O ‘1 1
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With an average of 1,5 reports of icing per day the above figures indi--
cate coherence as we would expeci in the occurrence of reperts of icing
condi tions. Taking into account the fast that on the basis of meteoro-
logical advice and being aware of other aireraft reports, aircraft can
plan or deviate from plan to avoid serious icing conditions it is very
probable that Table 3 understates the coheremce in the incidence of
icing in the North Atlantic.

On the other hand, on ¥ery many occasiong an aircraft reported ice
in a particular position while numerous o¢ther sireraft passing through
that position within a short time of the reperted icing did nol experi-
ence icing eonditions, The very variable nature of the oceurrence of
icing conditions has been well illustrated by Mason (1953) who reported
during de~icing tests off Iceland that on one occasion in a lenticular
ecloud a hoavy rate of icing was obgerved for about 2 minutes before the
aireraft flew into less dense straius cloud, In order %o get bask into
the ieing conditions a preecise progedure turn was made and although the
aireraft passed through the cloud within yards of the previous track, ne
ice formation ogcurred and the eloud was by then eomposed of jce crystals,

It was noted that two cases of heavy iocing were never observed in
one day or in conseentive days,

Aircraft Ieing and Ambient Temperature:

The temperature observations included in the aireraft weather
reports were investigated in order to get an indication of the relation
between the occurrence of ice acoretion and the ambient temperature over
the area,

The corrected temperature readings from a thermometer puitebly in-
stalled on a commercizl transport aireraft can give a good approximation
of~the ‘tree-smbient temperature (ICAO0 Circular II)., Wirile s mmber of
temperature reports do not reach a high standard of aceuracy, it was
felt that in general the aireraft corrected temperature reports give a
good indication of the ambient temperature.

Of the 582 reports of icing, 9 were assoeiated with reported
positive temperatures., Minus 42°C was the lowest tenmemtm reported
with an icing report. This cagse oceurred in Japuary, 1954, . 95% of
the ieing reports were associated with temperatures between 0° .and -25°C.
Figure 5 gives the distriution of iee reports with different tempera=-
tures in that range, in the Winter (October/llamh) and Swmmer (April/
September) half years,

It can be seen f{rom these figurea that the modal temperature for
ice ascretion is approximately -7°C in Winter and =5°¢C in Simmer. = This
figure is apmewhat lower than reporfed for icing surveye in cloud over
the United Kingdom by Bigg (1937) who tmnd maximum froquency in the
range of temperaiures between -3¢ and ~5°C and less than suggested by
Benum and Cameren (1944) over the Canadian Roekies in Winter where the
modal temperature was -13°C, Pettit (1953) found, however; in more
recent Canadian invostigatioms that the modal point was about -6°C,

The distribution of ice reports in relation to temperature appears to be
more even over the Bastern North Atlantic than the figures for the U.X,
or Canadian Rockies would suggest, Pettit (los, ecit.) reporting on
Cenadian investigations stated that 90% of all encounters cccurred at
tesperatures above «13°C.  The corresponding figure for temperatures
above ~13°€ in the present investigation is 63%.

Airspeed and Algxtude Effects:

The effects of differences in airspeed and altitude on the acoretion
of icing over the North Atlantic is difficult to evaluate from the data
examined, The majority of aircreft reporting operated within a fairly
narrow common range of airspseds while the aireraft whieh eperated below
that range were mainly of one type (DC4) with its own limited range of
operating airspeed and altitude, and with its own aemdynamie ‘
charasteristios,
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The distritution of reports for different aliitudes for each type
of aireraft operating over the North Atlantiec is not uniform, &8 .eagxh
aireraft type has optimim operating altitudes in particular eircumstancss.

Table 4 gives the distribution of reports from the more common type
of aireraft at the various altitudes in the period under review and the
distribution of ioing reports from each type of asircraft.

Table 4, - Distribution of veports with height from six types
of sircraft operating over the Shanon/Prestwiek
Oceanic FIR, Ostober, 1953/September, 1934, (Dis-
trimtion of ieing reports for the same airoraft
ghown in braskets)

Height TYPE OF AIRCRAFT TFOTAL

_ St'er. [Sup,eCon| Con | DC-6 DC-4  |CANADAIR
7000 or e
below | 60 (1) 9 96 (1) 109 (1) | 817(12) 5 1096 (15}
8000 |148 (1)| 27 202 (1)] 1036(27) |1714(50) 41 (1) 3168 (80)
9000 | 23 (1)| 12 116 (4)| 187 (5) [1983(33) 11 (1)12332 {44)
10000 [911(21)| 210(4) | 615(17)| 1377(31) | 181 (4) 75 3369 (77)
11000 | 24 (Y)| 17 101 (3)] 171 (5) | 127 (6) 11 431 (15)
12000 (583 (9) | 528(7) | 307 (6)| 1425(35) 4 4 |2861 (57)
13000 |106 79(2) | 190 (1) 561 (7) | 10 19 965 (10}
14000 |613(16) | 605(4) | 269(11)| 1863(37) 4 .82 (1) {3436 (59)
15000 320 (4)| 81(1) | 416(10) 1433(27) 0 47 (1) (2297 (43)
16000 {183 (2)| 119 542 (4) 764(12) (i) 27 1635 (18)
17000 | 257 (1) | 153(%) | 2453(18)} 1200(22) 0 317 (3) 14380 (45)
18000 | 184 294 3235(25) 364 (7) 0 26 4103 {32)
19000 | 850 (5)| 583 1499 (5)) 1423(26) o 32 4387 (36)
20000 | 33 278(1) | 97 58 (1) o 1 | 467 (2)
21000 | 435 (9)| 646(2) | 244 (2) 546 (4) 0 i 1872 (17)
22000 1 20 0 1 0 0. 22
23000 | 157 (2)| 115 15 (1)) 30 0 0 317 (3}
24000 | o 1 . o 0 0 N3 1
25000 | 61 (1)| 8 0 1 0 0 70 (1)
Total: [(049(64) 3785 (10397 12549 £840 709
' (22)  {209)  i(247) (105} ()

Bxamination of the data from which Table 4 was compiled indicated
that there was a significant variation in the distribution of reports,

in the different ranges of altitude throughout the year,

In view of

this, it was not feasible to test the significance of the cobserved vari-
ation of iecing with altitude,

Association betwoen Icing snd Turbulence:

- It was noted that a econsiderable number of reports of ieing woere
associated with reports of turbulence,

In the data examined, J66 cases of turbulence were encountered and
121 of these cases were reported asimmltaneously with ieing.

Table 5 shows the frequenecy of icing reports in relation to

turbulence,
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Table 5 - Prequency of Simultaneous Oceurrence of Yoing and

Turbulsnece
‘ No Ieing Ioing Totsl
No turbulence cecane 36919 461 37380
Turbulence cesose 245 121 __366
Total: oeeuvos 37164 582 37746

Bven though the first celumn includes reports at temperaiures whieh
would not admit of icing, the Tables indicate that icing and turbulence
are associated, The percentage frequency of 1.0% for turbulence and
1,5% for icing as indicated by the above table should not, however, be
taken to represent the probability of encountering turbulence or iecing
at levels now being flown on the Nerth Atlantie., As known or forecast
areas {(or levels) of turbulence or icing will, in genmeral, be avoided,
these figures may be regarded as representing minimum probabilities for
the pheonomens.,

Supmary of Synoptie Sz.tuat;ons in which ich Teing was r;__portadv

Measurements ¢f the liguid water content per unit wolume of eloud
or of the diameter of the water droplets in the atmosphere are net made
by commercial sireraft and are not available for use by the forecaster.
He must rely on his knowledge of the state of development of eloud
formations and synoptic characteristics as well as reperts from aireraft
in the area in which he is interested to decide on the probability of
ice formation,

An examination of the synoptie situations in which icing oceurred
in this survey gives the following results:-

Table 6 - Summary of Occurrence of Ieing in different Siftuations

Synoptic Intensity of Iee Fotal
Characteristics Light Moderate Heavy
Warm Front 140 37 6 183
Cold Front 107 26 2 135
Ocelusion 44, 14 2 60
Warm Air Mass 33 10 3 46 . .
Cold Air Maass 116 35 7 158 '

The ireidence of icing in occlusions was confined plmest exclusively. to
the Swmer months, no icing reports associated with ecclusions being
reported in the months December to April, inclusive, and only one report.
of icing in an occlusion was reported in the month of November, - Cold
Front icing was more common in the Winter months, The incidencs of
icing in Warm Fronts or Air Masses did not show any marked seasonal
variations, Cloud formations at high levels in cold air masses can be
avoided more frequently in flight over the North Atlantiec and only 30%
of the cases of ioing in such air masses oscurred at heights above -
12,000 feet, The risk of ice in cumulo type cloud is probably oonsidqr—
ably greater than the figures in Table 6 would suggest. '
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Distribution of Aireraft Weather Reports in the

Fg, 1,

Shannon/Prestwick Flight Information Region (FIR)
for the year October, 19533-September, 1954
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Fig. 2, Distribution of reports of ice a.corétion on aipr-

oraft in the Shannon/Prestwick Flight Information

Region (FIR) for the year October, 1953-September,
1954,
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Fig. 3. Surface chart 0600 GMT, 23rd September, 1954, showing
positions of reported ice aceretion,
1. 2335 GMT. 22nd Sept., Light Ice at 12000 ft,
2, 0015 GMT, 23rd Sept., Severe Ice at 15000 ft.
3. 0035 " n Light Ice at 12000 ft,
4o 0113 M " " Light Ice at 21000 ft,
5 O0l48 " " Light to Moderate Ice at 21000 ft,
6, 0316 " " " Light Ice at 17000 ft,
7. 0346 n " " Light Ice at 16000 ft,
8. 0449 " " " Light Iee at 18000 ft.
9, 0522 " " Light to Moderate Ice at 17000 ft,
10, 0644 " n " Moderate Ice at 15000 ft.
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Fig. 4. 500 mb, chart 0300 GMT. 23rd September, 1954
1, 2335 GMT, 22nd 8Sept, Light Ice at 12000 ft.
2, 0015 GMr, 23rd Sept. Severe Ice at 15000 ft,
3, 0035 v " " Light Ice at 12000 ft,
4, 0113 © " " Light Toce at 21000 ft,
5. 0148 * " n Light to Moderate Ice at 21000 ft,
6., 0316 * " » Light Yoe at 17000 ft,
7. 0346 n " " Light Ice at 16000 ft,
B, 0449 " n " Light Ice at 18000 ft,
9, 0522 " " Light to Moderate Ice at 17000 ft,
10, 0644 " " " Moderate Ice at 15000 ft,
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HISTOGRAMS OF ICE ACCRETION IN THE SHANNON/PRESTWICK

OCEANIC F.LR. WITHIN THE TEMPERATURE RANGE +1 TO —25¢

FREQUENCIES EXPRESSED AS PERCENTAGES., THE INTERVAL OF TEMPERATURE IS
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