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AIWRAFT --- I G I N G  OVER - TkIE EASTEFN NORTH ATLANTIC 

fw 
P.K. lbhw m d  F. 6 Monghusa 

A oonsidelkarRle propos~ion of a e ~ o w t i o a l  engzneering l i t e l ~ a t W  
is devoted t o  t h e  r e su l t s  of recent reseamh in de-icing and ant i -  
icing methods. In  spste of the advances made possible by t h i s  ressamh, 
ice  moret ion on the  external mnfatses of n imra f t  continues t o  be a 
serious hazard t o  safe  and regular f l i g h t  ~pelkationa, Experienced 
p i lo t s  r e g a ~ d  ioe moret ion aa one of the most dsngeroua meteoro1ogic;al 
conditions which can m i s e  and aixaline o p e ~ a t o s s  i n  some esuntr iea  a t  
least ,  have regulatfms which proMbit t h e  mlease  of f l i g h t s  in60 zones 
Of severe i o h g  and m s t r i a k  khe release of f l i gb ta  i n t o  mms of lesser 
ioing intensity,  

The meteorologist pmviding semice  to  aeronautical i n t e re s t s  is 
continually faaed with tb problem of fomc~ast ing the loaation and in- 
tens i ty  of ioing oonditions+ Renewed in t e re s t  in reseamh i n  cloud 
physics in recent years, stimulated by t h e  theories of r a in  formatioa 
put fornard by Bergeron (1935) and by Hndeisen (l938), hna c o n t ~ i b u h d  
nnroh t o  t b  f o r e e s s t e s ' ~ ~  bowledge of fac tors  governing the formatim 
of i ce  on a i m r a f t ,  but the iomeasting 0% ia ing conditione continues t o  
be a problem with special  d i%fiau l t ies ,  n e s e  d i f f i c u l t i e s  a r i s e  fmm 
a laok of standard meammments of  %he m l w a n t  mateomlogicel pa9metelps, 
the great  vsPfabili ty of  these paPometers within re la t ive ly  smell a reas  
and over e h o ~ t  durations, and the  d i fd ieu l ty  of obtaining s t a n d a d  
measurements and mhie'ving U R ~ E B P I ~  elassiYiaatlou of itvf ng an%eiisity, 

a )  Ambient tempesatum, 

b)  The e f fec t  of a i ~  speed on the  tellgemturn of the  eurfaee 
expeed  t o  ieiag,  

a,) Liquid water oontent pep urut velum of oloud. 

d) Diameter of water d m p k t e ,  

The meteorologist san determine the  f i r s t  two of tbese with mason- 
able aaouraoy with the  a id  of  synoptic oharts,  the  reports  of  uppep ailk 
tenperaturn ascents, and a howledge of t h e  a i ~  speed involved. 

Heasu~ements of (c)  and (d) rn not normally avai lable  and the  faee- 
cas te r  has t o  depend on knowledge of the or igin and stage of development 
of t h e  oloud fomatiopn ta ,  estimate whether them i s  a sslfii@ient% density 
of supercooled water d.wpBets of dimnsione sui table  f o r  l e e  m e m t i o n  i n  
olouds. I n  doing t h i s ,  i t  i s  neaessmy t o  tab geographical inf luemes 
in to  mcount einoe particnulark oloud f o r m t i o n  i n  one Fegion ma;y have e 
signif icant ly  d i f fe ren t  s%metum.e,  i n  so  f a r  8s a i r o r a f t  icfng i s  oon- 
cerned, from t h e  same type of cloud i n  another region. Thus, experiensed 
airmen tell us that t h e  i c ing  condition8 i n  t h e  top of s\urmlonimbus i n  
tropical thundemtopms are fat. mom severe than anything met i n  middle 
lati tudes,  

This papep g i w a n  analysis  of t h e  aimraft reports received at 
Shmnon d i r ec t ly  fmm a i m s a f t  m f l i g h t  i n  t h e  Shmon/ppestwick Plight 
Information Region (A,I .%) i n  &he l2-month period Oetobe~, 1953 t o  
Septembep, 1954, inelusive, in  an e f fos t  t~ provide soma. hiormakio~i on 
the meteorclogisal oonditions favourable f o r  foe formation in tha t  
p a r t i o u l a ~  are& and on the facaquemy with nhioh various intemaitiee s f  
icing me mpo&ed, The bouadasy of t h e  S h m o n / P r e s t ~ a k  P.I.B. %sr 
shown in H g ~ m  I. 

~ n - m e t e o m l o g i c a l  f m t o r s  whir& influenee t h e  i c e  w a m t i o a  m t h e  
fornard m r f m e s  of an airerraft  a m  associated r i t h  the  design of the 
a imra f t .  Thu~i, while mateomlogists cPan determine the e f f ee t  of ~ L B P -  
speed on the  &empea%tum of the  sapfaae exposed to  icing, the effect  of 



variation6 due t o  aisspeed is fmquently masked, as d i f f smnt  lraaagea 
of aimpeed are frequently m a o o b t e d  with dif  f e m n o e ~  i n  a i w m f t  
type eaoh with p a ~ t & l a &  sewdynamic o h m t e r i s t i e s r  in f luenehg the 
8iFdPgtt's vulnerabi l i ty  t o  ioe momtion. This paper give. some 
tabular da ta  on the fmhyemy with which dibfemnt a i m s d t  types 
reported ioe over the  year mdm msiewQ 

Beoauss a satisbamtosp i s b g  mte meter f o r  mut ine  use on a m -  
memial a i m r a f t  i s  not yet available, aeprts on the oaaomenoe off 
ioing on the outer  s u r f m e  of s o ~ w i a l  a i m r a f t  a m  based on non- 
instrumental obqemratiom. Thie uethod of reposting intaaasdty is 
necessarily 8ubJeotive and f a  i n fhenced  by scirorafk pasrrmets~a Whioh 
a r e  d i f f i c u l t  t o  o m m p ~ .  H o m ~ e r ,  Peskins (11952) rpepptw t h a t  a&~d 
omparisons made i n  the United S ta tas  between the t o t a l  h e  o@nsmt%on 
values given by mesurements oo an ioing r a t e  meter and the  p i lo t ' s  
eatimate of the  ioing intensity,  baaed on h i s  obaemationa off WET=- 
la t ion  of ice  on the  fsau~e ef me type of a i m p a i t  and the aomsponding 
effeota  on aimpsit perfoasas~nw, a m  veky omesistent, 

The severity of ioing is m l a t e d  to  the  r a t e  of im buswetion on 
the frame of a n  a i m r a f t  and in c i v i l  f l i g h t s  may be 1~8pon"ted as ' l ightN, 
*moderateN o r  Nheavg.n 

U a h t  i c ing  is mported when the  aroourrml&ion BE i a s  pmsent8 no 
eesious hasard and o m  be dispessed by operating de- iehg @@pent. 

Moderate ioing is m p r t e d  when the de-iaing equipmaat prwides  
~ s l . g i n a l  pmteotion, the ioe omtimes t o  weumulate but a o t  a t  a s a t e  
suf f io ien t ly  f a s t  t o  affeot  the safe ty  0% t h e  f l i g h t  unllese i t  oom- 
t inues over an extended p e ~ f o d  of t ime ,  

severe i o h g  is  reposted when ioe builds up mpidly in 

i n  speed o r  a l t ibude an& lit o m t i m e d  over a period, would eerdously 
a f fec t  the  8afety of the f l i gh t ,  

RIports of ic ing using t h i s  s l lms i f i an t im ,  while !?elated t o  the  
r a t e  of i e e  aosmtion, a r e  a l s o  inbY1uemed by the  oharmter4st ios  of the  
par t icu lar  aimraft and the type of de-iaing equipmenit usaed. 

Illlring the per iod t@ whfoh t h i s  sur$ey re fem,  mew t~mepolpb. 
a i r o r e f t  f lying w e r  the North Atlantie Ooem and operating in moadange 
with IGAO procedures w a s  m i m d  t o  make and reoord a ne teowlsg iaa l  
observation at hourly i n t e w d e  at t h s  same t h e  ars the  posit ion mpor t  
W s  made. Thaare obgem~%ions  n e m  m n t  with the  posi t ion m p r t  v i a  
the a i r g m d  awmnioa t f  ens & m m s l ~  t o  the  appropriate Aik T d f i c  
&ntro]i oeatCo ~ n d  we* pan8sed huedxately t o  the a~ssoo i sbd  Meteom- 
l o g i o d  Offhe.  I n  t h e  Bhmnoa~sss twiok  FIR, the hausPy a i  wsaft 
weather ~ e p o r t s  *la, i n  t h i s  way mceived at 8hmom e i t h e r  d i ree t ly  
f romthe  aimraft a s  i n  eo31Pective bul le t ins  fmm Pmstwfok. TBB v a s t  
m j o r i t y  o f  the m p o ~ t s  fmm the !Shmnon,/Pmstwiak AIR wem ssaeived at 
Bhsnnon e i t h a ~  bjr d i k e d  trmmi96s5m t o  Bbumn o r  were %Ilteme&ed 
acmnon in tmwmieeiola t o  0 t h ~ ~  Gonuminiea$ionln~ aentms. A19 reports  
received fmm the  PIR were amailbaaarted i n  @olleotive bu l l e t in s  t o  othek 
Yeteerologioal ef f iaerj. 

The reports  wem rwoived la oods (WW) o r  in ana abbmviakd  
plain language form, They nomalLy incluted, in a&iPtBmn t o  &M 
position, d t i t u d s  and t f m  of the o b a e ~ T a t i m ~  ob5emations of fli@lb 
oonditions, wind, o o m o b d  temperaturn, pmswrn data, oload and d b p  
M observed at f l i g h t  l eve l  and some operati  onal infowu~tiow of a man- 
mteorelogioal  ohasneten" (e.g. duel aboaad). Details of tukPRlPenoe sad 
ioing exwounteced wre added ass appropsi ate, but "ni 1" mp&s  rnw not  
made when nq going o r  tosbsllenee wae mported, In &he p e r i d  under 
review sqm,  but  not all, ailpassaft ~epok ted  s i s s p e d  and mme reports 
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inoluded remar& era wenthw phenomena obsewed (e.g., f ron ta l  pas sag~s )  
whioh a m  always wq a s f u l  t o  t h e  ~ o I W C U S ~ ~ P .  

Pr ior  t o  September, 1956, icing mpor ts  i n  coded (POUR) mcpssagea 
were c lass i f ied  a s  l igh t ,  noderate o r  heavy with an indication of the 
time within the 1 s t  i ~ n s u ~  a t  whioh the icing was observed togetltes 
with par t iculars  of wllcther the ic ing ogeurred i n  aloud o r  pmoipitation. 
The Porn intmdueed i n  September, 19.54. which was the l a s t  month of the  
survey, res t r io ted  the e l m s i f i c a t i o n  of ioing t o  l ight ,  mcderate, and 
severe without refemnos t o  the exant time of occurrenee O r  the  madim 
i n  which ioing was experfemed, Considering weather mpor ts  from air- 
oraf t  aa aids  i n  the provision of meteorologioal semioe  tsa f l igh t s ,  
t h i s  change w a s  a mtragrsrde s t ep  aa repor t s  on the new 9 o m  l e f t  the  
meteorologist i n  atonsidemble doubt as t o  the extent of the area i n  
nhich ic ing otucurmd, though of course with a number of repoirts i n  a 
par t iou lar  alea i t  wm f ~ e q u e n t l y  possible t o  deterstine fmm a i m r a f t  
reports t h e  limits of the  a rea  i n  whioh ioing oocumd. This is how- 
ever no longer possible, i n  1956 since with the introduction of a pro- 
oedure i n  which sepgrts  am made at  speoified mcrfdian l i nes ,  &he 
s p a t i a l  dist&butfona of weather reports  no longer e x i s t s  and it i s  no 
longer posaible t o  indicate fmm even a l a ~ g e  muuber of a i m r a f t  seportrv 
the extent of an a rea  in nhioh hazardous conditions such a s  icing exis t .  

Distribution of A imra f t  Reporbs i n  the  Shmnon/Prestwick PI& 

In  t h e  12lnonth p e e a d  under mwim, reports were not  at hand f o r  
4 f u l l  days (27th, 28th October, 7th November and 17th ~anuasy )  but i n  
the mmaining 361 days 37*74.6 a i m r a f t  reports  were received a t  Shannon 
d i rec t  from a i m r a f t  i n  f l i g h t  over the Shsnnon/Prestwick Oceanic F I B  
The d is t r ibu t ion  of these mports  over the area is  shom i n  Pigum 1, 
The figurns on t h e  diagram repmsent the  t o t a l  number of reports f o r  
each 1-degree spase over t h e  en t i re  12 months. To f a o i l i t a t e  extra&- 
ion and tabulation of data, ~ e p o r t e  from the  shaded portion on the edge 
of the  B.1.B E h t h - ~ e s t  of Shannon as s h m n  in Figure 1 wem eroluded 

th9 SU-y. 

No weather mpost  was m s i v e d  fmm any a i m r a f t  above 25,000 f ee t  
rhioh q be regaMed a8 the  operating oei l ing of the types of cam- 
memial a i m r a f t  ope~atixnp; over the North Atlantic a t  t h a t  time. 
Repopts were mceived fkom a i m r a f t  at  heights spaced a t  1,000 f e e t  in- 
t e m a l s  from 25,000 f e e t  donmania, Westbound and Southbound a i s s r a f t  
operated st even heights (2,000, 4.000, 6,000 fee t ,  etc,  ), while Nosth- 
bound and Eastbound operated a t  odd heights (3.000, 5,000 f ee t ,  e ta , )  

The reports have a marked concentration in t h e  a rea  between 
l a t i t udes  50% srnd B'N wham over 7% of tlw t o t a l  numbk W G U P ~  . 
The density of report8 f a l l s  off t o  the  North of  5 5 O ~  and is  eonsidea- 
ably l e s s  South of 50 N, In thres 1-degm spaces no a i m r a f t  wwathe~ 
obaemation w a a  mdlde i n  t h e  en t i r e  12 months. 

The la rges t  number of mpor ts  was mceived fmm the degme-spaae 
bordered by 53OH, 5@No 13% and EbOW. This maximum t o t a l  o f  1,066 
reports representing an average of a l i t t l e  l e s s  than 3 repor t s  par day 
f o r  a l l  heights is pmbab1y due t o  the f a c t  t h a t  a i m r a f t  depaAing 
Shannon Westbound were wexy fmquently in. t h i s  spme a t  the  end of the 
f i r s t  hour of f l i gh t ,  

The f~equoney of a i m r a f t  weather mports  on t h e  North Atlant ia  
has a marked diurnal var ia t ion with a maximm number of reports  pep 
hour being received i n  the hours between 0200 and 0600 GMT. and a 
minimum in the early afternoon (1200/1800 GMT. ). There i s  a l so  a 
marked var ia t ion over t h e  yeas i n  the number of reports  reoeived per 
day, due to  the seasonal pat tern of trans-btlantio f l i g h t  fmquenag 
with heavy sohedules i n  the  Summer months and l i g h t  sohedules in the  
Winter months. 

Analysis of Aimraf t  Ikapoda of Icing: 

In  the ShannonbPmstwiok FIR, 582 reports of ic ingwem pebpeivea 



from aimpait i n  f l i g h t  i n  the  FIR i n  the  12-nth period. This 
t o t a l  includes a few oases a r e  freezing r a i n  o r  freezing dr izzle  w a s  
reported without speoif ic  mnt ion  of icing, it being assu~led that such 
phenomena would invariably result i n  i ce  aooretion. It was fu r the r  
assumed that,  i n  such oimumatanoes, i n  the  6 s e w e  of specif io  r e femme,  
ic ing wmld be moderate. 

The lllpber of  ioing repopts received, representing 1.H of  the 
t o t a l  mukr of aimraft mpokts i n  the FIR e.uggests t h a t  t h e  incidenae 
of ioing conditions is smaller over the Eaetern North Atlant ic  thrn over 
Canadian air mates w h e ~ e  i t  i s  estimated t h a t  a i m r a f t  spend about 556 
of t h e i r  f lying t i m e  i n  icing aonditions (value quoted by Sohaateel, 
1955). While one would eqwot  differenoes i n  the fmquency of ioing 
over the tm mas with such marked cl imntia  differences partioulaply 
mi regard6 te~lperature, the f igures  oamot  be d i rec t ly  r e l a t ed  due t o  
dil lerenoes i n  the pa t t e rn  of f l i g h t  operations. Over the  Atlantio 
most f l i g h t s  operate at heights abwe  10,000 fee t  and can fmquently 
avoid f ly ing  through cupul i fom oloud. Transooean f l i g h t s  o m  be end 
frequently are planned t o  avoid areas  of suspeoted ioing conditions. 
A 1- proportion of domestio f l i g h t s  o w r  America operate below 
10,000 f e e t  where i t  i s  not so easy t o  avoid cloud. With the  a imaye  
system i t  is not qui te  s o  easy t o  plan t o  avoid a r e a  of suspected 
ioing conditions. Diffesenoes i n  the type of a i m r a f t  used i n  t h e  two 
areas would a l s o  make it  difficult t o  compare the  occurreme o f  ioing 
conditions i n  the two are-. 

fipre 2 shows the g e o g q h i o a l  d i s t r i h t i o n  of i c ing  reports 
over the ~hannon/Preetniok BIB in the  period under m i e w .  The vari-  
a t ion  of icing with longitude is such as could be due t o  random sampling. 
The var ia t ion of ic ing with la t i tude  is shown i n  Table 1. While there  
may be s s igni f icant  var ia t ion  with l a t i t ude  in the d is t r ibu t ion  of 
a i r c r a f t  reports  at d i f f emnt  heights influenoiqg t h e  1a t i tud ina l  dis-  
t r ibu t ion  of ioing repor t s  i n  t h e  PI&, Table 1 suggests a mall but 
def in i te  tendemy fo r  ic ing to arcur a t  higher lati tudes.  

Table 1 - Variation of Icing wi th  Latitude in the Bhaunod 
Prestwiok Oceanio FIR, Oot~ber ,  1953 t o  Bepte~~bsr.  1954 

No* of 

With Idng 
Latitude 

4w 

5 9  

57N 

5% 

53N 

51N 

4% 

47N 

65w 

4 3 ~  
Tot a1 

sports  

- Total 
- 

Table 2 gives a s u m m y  of tlm reported o c w r e n o e  of d i f fe ren t  
i n t e m i t i e s  of icing each mth. 
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Table 2,-8- of omuprenrte of icing of diffemnt 
intensit ies saeh month. 

b n t h  

Oot. , 
1953 

h V .  * 
1953 

ma., 
1953 

r-* 
1954 

hb. * 
1954 

Yar. * 
1954 

APP. , 
1954 

=Y 9 

1954 -. 
19% 

a4. 
1954 
a. r 

1954 

Bept*, 
1954 

Total: - 

no, of 
Aim~aZt  
Beporte 

2.820 

m e n a y  of iaing cronditione appeam t o  be higher in Winter 
months thm in Sump. 

The high f Fequenay in  September, 1954 is believed to have been 
abnormal for  that  tima of year. 

Ho iaing m e  reported in 135 of the 361 days. No foing waa 
reported on 9 oonseoutive days on tm oocasions i n  the pe~iod  (10th-18th 
April, inolasive, and 21st-29th June, inalusive), while on one day (23& 
September, 19%) 11 reports of iaing were received. 9 of these eareat8 
were obeerved between 0000 and WOO GMT. and a t  heights rhiah varied 
from 12,000 to  21,000 feet, 

n w s  3 and 4 give the eurfaoe and uppep a i r  flow over the ama 
a t  t h a t ,  t ipe. 

of the number of ocoasions on which diffemnt nuaabem of 
ioing reports were received per day over the period i e  given i n  Table 5 

Thble 3. - Number of days on whicrh various numbers of oeses 0% 

Icing re= mp~pted  - peFlod O o t o b e ~ ~  1953/ 
Septmbm, 19% 



With an average of 1.6 reports  of ioing par day the above f igures  indi- 
cate coheFence aa we wmld expect in the  occurrence of reports of ioing 
conditions. Taking i n t o  aocolant the f a a t  tha t  on the basis  of meteoro- 
logical  &ice and being aware of other a i r c r a f t  reports,  a i m r a f t  can 
plan o r  deviate frol plan t o  avoid .serious ioing conditions i t  i s  very 
probable tha t  Table 3 understates the coherenee i n  the incidence of 
icing i n  t h e  Nonth AtPantia, 

On tbe other  hand, on s e w  marr;y oaoasiona an a i m r a f t  reported i ce  
i n  a par t icu lar  posit ion while nl%meraus o ther  a i m r a f t  passing thmugh 
that posit ion within a short  tPlas of the  reported icing did not experi- 
ence ic ing  oonditions. The v e ~ y  vmiable  nature of the oceurreBca of 
icing conditions has been well i l l u s t r a t e d  by Mason (1953) who keported 
during de-icing t e s t s  off Ioeland tha t  on one oocaaiona i n  a len t icu lar  
cloud a heavy r a t e  of i c ing  was observed f o r  about 2 minutes before the 
a i r c r a f t  flew i n t o  l e s s  dense a t r a tus  cloud, In order to ge t  baak i n t o  
the icing conditions a ppeoise procedure turn was made and although the  
a i m r a f t  passed through the aloud within ysrds of  t h e  pravious traok, no 
ice formation ocaurwd and the cloud was by then aomposed of ice  c ~ y s t a l s .  

It w a s  noted tha t  two cases  of heavy i c ing  were never hbsewed i n  
one day o r  i n  consecutive days. 

Aircraft  Ioina and Ambient Temperature: 

The teaperatwe observations included i n  the a i m r 8 i t  weather 
reports were investigate& in order t o  g e t  m indioatioa of the r e l a t ion  
between the oocuimnoe of i a e  a c r e t i o n  and the  ambient temperature over 
the area. 

m e  eorwoted temperaturn seadings from a thermometer su i tab ly  in- 
s t a l l ed  on a oonnnercial t r a n s p r t  a i m r a f t  can give rl. good approximation 
of -6W h r t e a a b i e n t  temperature (ICAO Circular 11). WlrEb a uiarbn of 
temperature reports  do not. maoh a high standard of acmmcy, i t  was 
f e l t  tha t  i n  general the a i m r a f t  asomeoted temperaturn mpor ts  give r 
good indication of the  ambient temperature. 

Of t h e  582 reports of icing, 9 were associated with reported 
posit ive temperatures, Binus &'c was the lowest tempemtum reported 
with an ic ing  report. This case oeourmd i n  January. 19% 9% of 
the ioing reporta wepe aesoeiatsd with temperatrare8 between 0' and -25'~. 
Pigure 5 give* the d i s t r i k t i o n  of ice  reports  with d i f f e ren t  tempera- 
tures in that range, i n  the minter ( O o t o b e r ~ o h )  and Smmer (April/ 
September) half yews, 

It can be seen from these f i  res tha t  the laodal Gengeraatum f o r  F ioe nacretion i a  appmxitautely -7 C i n  Winter and -5'~ i n  B8aner. This 
figure i e  anrewhat Power than mported f o r  ic ing surveys i n  cloud over 
the United 1PiagtWm by Bigg (1937J who domd mgdaun frequency i n  the 
range of tePlperaYwa betweem -3 C and -5% and l e s s  than suggested by 
Ben- and Ctrmereb (I$&) over the Cmadian Rookies i n  Winter where the 
modal tempeF@tuFe was -19~. P e t t i t  (1953) found, however, i n  mom 
reoent Omadtan jnvestigations that t h e  modal point w a s  about -6Oc. 
The d is t r ibu t ion  of ice  keparts i n  mlabiom t o  temperaturn appears t o  be 
more even wep the Eastern NoatB Atlnntia than the figurns f o r  the U.K. 
o r  Canadian Bockiee would mggest, P e t t i t  (loo, sit,) reporting on 
Canadian iavaetggstions s ta ted  tha t  90% of  all encounters oacurred a t  
temperature$ &OW -19~. The comsponding figure f o r  t emgera tms  
above -lJ•‹C in  the present inwet iga t ion  is 6%. 

Airspeed and Altitude ICfSeats: 

fflm e f fec t s  of differences i n  airspeed and a l t i tude  on the  accretion 
of ioing over the  North Atlant ic  is d i f f i c u l t  t o  evaluate fmm the  data  
examined The majority of ax m r e i t  reporting operated withia a f a i r l y  
narrow oommn range of afpspaeds while the a i rcpaf t  which operated below 
tha t  range were mainly of one type (m) with its own limited Pauge of 
operating airspeed and a l t i t ude ,  and with i t s  own aamdynamia 
charaater is t ics ,  



We distri 'bution of sepeste f o r  d i f fe ren t  altitudes f o r  emh tw 
of a i m r a f t  operating over the North Atlantio i e  not  uniform, aul e m h  
a i r o r a f t  type has optimum operating a l t i t udes  in p a r t i e u l m  chmuntstrmeeffl. 

Table 4 givee the dietpibution of  reports fmm t h e  laom oomnon t y P '  
of a i m r a f t  a t  t h e  sarioua a l t i tudes  i n  the period under aevien and the 
d is t r ibu t ion  of ioing reports fmm eaob type of  a i m r a f t .  

Table 4. - D i s t r i h t i o n  of reports with height from s i x  Qwae9 
of a i m r a f t  o p e r a t i g  o w r  t h e  Shm~i~nfimstwiak 
ooeanie BIBD Oatobes, 1953/8eptembr, 19% (Me- 
t n l b u t h u  of ioing repopts fo r  the Eime aimraft  

&om i n  b w k e t s )  - 
Keight - 
7000 o 
be low 

8000 

9000 
10000 

11000 

1m 

13000 

15000 

16000 

17000 
18000 

39000 

20000 

21000 

22000 

25000 

24000 

25000 - 
Total r 

- 

TYPE OF A1 RE 

T 
96 (1) 109 (1) 

202 (1) 1036(27) 

116 (41 187 (5) 

~ i m a )  ~ n ~ i )  

noa 01 nan (5) 

507 (6) W 5 ( 3 5 )  

190 (a) 561 (7) 
269(11) 1 8 6 ~ ~ )  

416(103 1433(27) 

5-42 (6) 766(12) 

w 3 ( n s )  iaoo(22) 

3235425) 3% (7) 

14% ta, i e m 6 )  

sa 5s (1) 

24.4 (21 54h (4) 

0 l 

15 (1) 30 

-nation of tha da ta  f m m  whieh Table 4 wae ocmpilsd ind ieabd  
tha t  t hem was st e S p i f i e a n t  v v i a t i o n  i n  t h e  diatributionr of reports, 
i n t h e d i f f e r e n t r a n g e s  s f  a l t i t ude  thpoughout theyeaas. I n s i e a r o f  
th i s ,  it was not  f emib le  t o  t ea t  t h e  signifiaanee of the obsemed vari- 
a t ion of ioing with al t i tuds.  

b o o i a t i o a  between I e i w  and 'Eukbulenee: 

It was noted that  a ormrsi@rable number of repo&s, of iai tag wem 
assooiated with reports  of twbulenoe. 

In the  d a t a  examined, 366 eases sf twbulenoe were en.aountemd ma 
121 o f  these oaaea were r e p r t o d  s imltaneously with iaing. 

Table 5 shows the  fpeqcrency of iaiug repopts i n  re la t ion t o  
turhlenaa,  



Table 5 - Requenq of Simultaneous Ocourrenoe of Xoing and 
%pbul@me 

No Ioing - Total 
NO trrrhulenee . . . . .. 36919 461 373a 
Turbulenoe ... *.. 2L5 121 366 

Total: ...... 371& 582 3;77& 

Even though the f i r s t  ooltaa?l includes reports a t  temperatures Hhich 
would not &it of ioing, the  Fables indieate t h a t  ioing and turbulence 
are sssooiated. The pementage fraquenoy of 1.w f o r  turbnlenoe and 
1.s f o r  icing a s  indicated by the above table  ahould not, however, be 
taken t o  represent the  probabili ty of enoountering t u r h l e m e  o r  ioing 
at levels now being dlom on tPs  North Atlnntio. A s  hown o r  forecast  
areas (or  leve ls )  of turbulence o r  ioing w i l l ,  i n  general, be avoided, 
these f igures  m y  be regarded as representing m i n i m  probabili5ies %or 
the  phenomena. 

summarv of Synoptio Si tuat ions i n  which Ioina was re~or t sd : :  

Eecrsurements of the l iqu id  water content per un i t  ??ohme of ulond 
o r  of the d iaae te r  of t h e  U~kek d m p l e t s  i n  the a tmo~phe~e  are not mad@ 
by 0-mial a i r c r a f t  and a m  not  available f o r  use by the fo~eoas t e r .  
He must re ly  on h i s  knowledge ~4 t h e  s t a t e  of development of cloud 
fornations and synoptic oharaatesis t ics  as well as reports from a isosaf t  
i n  the  a m a  in which he is in te res ted  to deaide on the p ~ o b a b i l i t y  of 
i ce  foraation. 

An examination of the synoptic s i tua t ions  in whioh ioiag o a c u m d  
i n  this survey gives the following resoltsn- 

Table 6 - Summary of Oocurmnoe of Icing i n  d i f fe ren t  Si tuat ions 

Synoptic Pntensity of Iee 
Charaoteristios ~ i g h  tA=te - Heavy 

Warm Pront 
Cold Front 
Occlusion 
Warm A i r  tdaes 
Cold A i r  Mass 

'Phe inaideme of ioing h ocolusiom was eonfined &iost exelusively to  
the S m e r  months, no ic ing  repopts assolsiated with clcalusions being 
mported i n  the months Desrembe~ t o  April, inolusive, and only one report  
of icing i n  an ooolusion wm reported i n  the  month of Ncnrembe~, Cold 
Pront icing was more o o m n  i n  the Winter months. The intsidenoe of 
ioing i n  Warm Fronts o r  A i r  Masses d id  not show any m r b d  seasonal 
variations. Cloud fornations a t  high leve ls  i n  co ld  air n?r@ses can be 
avoided mom frequently in f l i g h t  ovep the North Atlant ic  cmd only 30% 
of the oases of iafng in su& air  masses coousred ~t heights above 
12,000 feet. The r i s k  of ilse iaa eallrmlco type cloud i s  p~obably oons iqp -  
ably greater  than ths  figuses in Table 6 would suggest, 



We are indebted t o  vasicaas anembm o f  the starf of  the Netso~~rndoghuX 
Offioe at BhsnrrPn lYirpo~t fop assistance i n  the tarb%at%om of the data  a d  
for suggestions at a l l  stages of the ror~lr, 

& & 9  

L+ncsasb~, Pa. Boj,zf, 
~ ~ 2 %  

1938 Ztu. Aug. Mob., h i g z i g ,  
2.20 p.mf'e 





Big. 2. Distribution of reports o f  i o e  m o m t i o n  on air-  
o r s i t  i n  t b  Shannon/Prestwiok Flight Information 
Region (AIR) for  the year October, 1953-9eptembsr, 
19%. 



Big. 3. S u r f m e  char t  0600 WLT. 23rd September, 1954, showing 
pos i t ions  of mpor ted  i c e  m o m t i o n .  

1. 2335 ch[T. 
2. 0015 ONT. 
3. 0035 " 
,$. 0113 
5. 0148 " 
6. 0316 " 
7. 0346 " 
8. 0449 " 
9. 0522 " 
10. 0644 

22nd Sept. 
23rd Sept. 

I t  11 

n II 

n n 

n I, 

n n 
n n 
It 11 

n n 

Light Ice  at 12000 it. 
Severe I ce  at 15000 it. 
Light I ce  a t  12000 f t .  
Light I ce  at 21000 it. 
Light t o  Moderate I ce  n t  21000 f t .  
Light I ce  a t  17000 f t .  
Light I ce  at 16000 it. 
Light I ce  at 18000 f t .  
Light t o  Piodemte Ice  at  17000 It. 
Noderate Ice  a t  15000 f t .  



Rig. 4, 500 lab. ohart 0300 GMT. 23rd September. 19% 

22nd Sept. 
23rd Sept. 

n n 

II n 

n n 

Light I ce  a t  12000 it. 
Severe Ice a t  15000 f t .  
Light Ice  a t  12000 it. 
Light Ioe a t  21000 f t .  
Light t o  Noderate Ice a t  21000 it. 
Light Iae a t  17000 it. 
Light Ioe a t  16000 f t .  
Light Ice  a t  18000 f t .  
Light t o  Moderate Ice nt 17000 It. 
Modemte Ioe a t  15000 it. 



HISTOGRAMS OF ICE ACCRETION IN THE SHANNON/PRESTWICK 
OCEANIC F.I.R. WITHIN THE TEMPERATURE RANGE + I  TO -25'C 
FREQUENCIES EXPRESSED AS PERCENTAGES. THE INTERVAL OF TEMPERATURE IS 

P CELSIUS. 




