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Am t&y 38,Om hour@ weatiher ~=epc&m fmra a$mwf% o m  
a ael&ed area in the %stem Ho&h ABhnt3.a wem Q:d and the 
ommimunee of ttmrbulmoe and,ybedo The m p d s  WWF %e %weIve= 
llymth period 1 O&.tber 1953-30 *tmbm9 19% 

Abmk 38 par want of the ttmkdlezme r e p o & ~  were x&@ in cd d  
air narsses and 20 per em$ in i.9Leaz af P, O m  t h % d  of the reporb 
of tuPbrnlenoe were assoahtsd w i t h  aircpsfi  icing, 

O w  ham3,edge of" a % m & e r i ~  turbulence ts m$ adstpate t o  enable 
Ipeteorologista %c forwas% aawra%dg on a l l  a c e a e i a  &he laca t fm a d  
intensity of" turbupencse l ike ly  t o  be " f e l t ' 9 y  %he e m  of the a imra f t  
in Right, 

&ring the per%d of th i s  mmsy, aimwfi f w g  w e r  %he North 
Atlantis Ooaan and operating in aceopdanoe with IMO praseduma made 
and 3~mordhJdl m&sb~ml~gkal  obsem%ions a6 the same t h e  a s  the 
poaf%ioue repolC%w wem mde, TBsss  o b s s m t i m  weire sent with the 
pesftfon psao&s v3a the ef r ig  e a d e s a t i o n s  &&a t o  the 
appqriate AJ r Traffic Gcntm re and were passed ihmrawdAa%al,y 
t o  the assoek$ed M&emdahgimetB offfae. The time fo r  mpoz%ing the 
p~d.tfoDi W - ~ ~ Q E  e d @  a88 of ~ d - 8  I"n%&k PWS 8k h ~ r w  b'&srwlPw 
fPoa *ke off tho With aa$mr;bl%t, di6pwAflqg: on. ~sanSa%XntPe flight 
fpgn U f f m m t  a%qoP%s the mtporbing tfmah.: for  differmt aimnwfi 
rsPs sat%emid Olpeir the holm a& with pPaVfsiOE8 l%pP&fng P ~ I -  
eedum %or i&mt%ng the %ime in the pmeed$% hour 8% w h i c h  %la%- 
bulense, feing, a& &her 9% f iead w@zttJner f a t u r n s  mire observed, . 



The f o w  of repor-ting aas changed on 1st September, 1954. The 
new form rest~%&ed the elaaaif%crrtfon of turbulence t o  l ight ,  moderate, 
sad severs within ten m t e x  of the t ime of obaemtion and nade nw 
p&sion for  routine reporking the t h e  mkPfng the prerious 50 mimtes 
a t  which turbulence ( in ter  a l ~ a )  was obser~d. ,  This change nas a ~ e t r o -  
grade step as reports i n  the n m  fern l e f t  the meteopaacgest in dmbt 
as t o  the extent, of the a m  i n  which turWence was experienced, 
thaugh, of course, with s mmber of aircmf% mpo~t ing  in a mrtfwular 
area it was f r e q e n t v  possible tea d&elnnfne bmedly the limits af the 
a r m  i n  nfii & hr?mlence rrrs enemntered, %an t h i s  i s bngm 
p06afbb i n  the No&h Atlantic Region of ICAO sin- 1956 wdsr a- gpg-- 
s&e i n  which aimraft repert a t  apeaific mpBdfan Benes spawad at 
app~oxbmtePap liaQIorly intervals of twad, Infwmat%cm kuxlaaleaeps 
is nOr r a 0 ~ a ~  C O & ~ &  %B &I?&Bs %m wedpa%@ l&&B%ty of the 
morthg l ines  c r  abmk 9@ $0 &f$ of' %he a%%w a m ,  

Classification of Tubulenee Bepoa•‹d;s: 





sPEnw repo&w have a narkad canemtmtiaw h the 8.m- b&m~m 
b t i k & w  5 0 ' ~  ruad 55% whem over 70% of the %&ax m b a p  OCCWT, 
 he t iwity raportg ea11.s off t o  t h e  ~ o r + b  o f  55% ax13 i a  oomidsr- 
ably leas %uth of 50 No In three 2-degme apeas m airma%% 
weather obibsmvation was mdle fn the m t f m  12 mnthr ,  

b-g~&~~tidht ion o f  the RarW ems Rcqmx%a: 
mL -=.-, 

A total ai 366 repox%s of %urbuLema w w o  rose ivd  f"1c.axn wi~wrwf% 
f n  f l ight  1.n the &amoqh'matapiele PSR in 4;he 12-wnth perfodl, This 
smU m&er of turbulmce reporb repl~eaenking 0 ~ 9 %  cf the +%%a31 
abcmtft xepor%a suggests that aircmfe turbuhmee i s  rala%tvr&y fan- 
2?reqam% mar the Faetem North Atbntic; ,  H , ~ w w e r ,  axi11c.e W. large 
pzwpofiiezan of the flights q e m t e  a% hei&kr'6,4 a h n v ~  L$,OQQ feett, %kLeiy 
mrn i%quenX;P$ avoid flying t b u g h  mmgahams in. wh3,~h the ma$ 
freqmnt and w% a w e m  %&lace l .s  mm.mtemd, R y e ~ a  ,& al, 
(1349) found ,mar the lJ,S, time in average a imass  $kau&wslb,am a m -  
dftims,  3 . w ~  than lo,% of &he sky fs fiZB& w i t h  arn~e&Bve c1md a% 
20,000 re&, &(tll awsdng COVBTSL~S a f  the same O I ~ . @ P  for e~emm&im 
clmd over $hs Atlantf e, it fa pmbbl'e k t  avoi&ing adion o m  be 
and i s  Pmquently t a k a  bi$ amus  Ishen Barge itwmlus dm&opmnt f a  
sighted. 



Table 2 gives a emmazy m? %he mpcL%ad o-me of dPf%emn% 
hfemitfea of f ,rPhleme ea& I C Y P ~ ~ L .  

in the ~&h&&~e~.spkex-e in 3ept;eahr, 1954 were h a t e d  near 50%~ 
20% w h l d  iis near the emtm of the Shannoqh?restwiek. FIR, Therse 
st- win& m l d  be firvou1'mhXo for the oamrmnae raP pmciIEeed 
vertical win8 &car w i t h  o. .m;sdta.n.,t imrm.sw in the fnddenae sf 
hrbulanoc. 
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Table 3 - 

No0 of reports 
of turbulence 
Per *YO 0 1 2 3 4 5 6 7 8 9 1 0 U 1 2 1 3 g P c  

With an avllzplge of 1 report of turbulence per day the above fi fndf- 
cate oohers~cse a s  wa nouPd expeat in the acm-ae of s p o r t s  of  
turbulenoe. 

Distribution of 'PIPPbulemoe Reports with Height: 

The distribution of reports fo r  diffvrent al t i tudes for eaah type of 
a i rcraf t  operating over the North Atlantic is not uniform, a s  each afr- 
craft type has optbum operating altitudes i n  p r t i c u l a r  circumstances. 

The vast nm jori ty of f l f  ghts over the North Atlantic and *oh 
reporbed warther conditions i n  the period under review were made with 
a f r e ~ l i t  of six g m a 1  types8 Stratccpufaer, Supereonstellation, 
Constdhtion, W-6, DC-4, and &na&ir, It is probable that  a number 
of military f l ights  which reported wmther conditions were operated 
using these typea of a i m f $  but the type of a i rcraf t  used by military 
f l igh ts  we= not known when t he  fnvesti@tion ras mde. 

Table le gives the dfstasfbutfan of repofis for  the  more eommga 
types of a i rcraf t  a t  the ~ ~ & Q U S  alt i tudes and the dfstributisn of 
reports of twbulcnee PPom m& tgrps of a f r c r d t 0  
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Eamination of the data fPom which Table 4 m a  campiled indicated 

tbat there was a significant variation i n  the distribution of reports 
in the  different ranges of al t i tude thPbntghout the gearo In ~ i a a  of 
this, it was not farsible t o  t e s t  the sfgnificxmee of the obssmed vari- 
ation of turbulence with altitude. 

It can b e  seen from Table I+ that the m j o r i e  o f  r s p o ~ t s  of *UP- 

bulence were mde from aireraf't a t  wen al t i tudes (westbaund) . T k r f ~  
i s  an interesting result, a s  westbo~md flights, being in the earlier 
part of the i r  voyage when over tho 3hnnun/Prsstwfak FIR, wauild then, 
i n  general have slower a i r  speed and greater ring Parding and should 
respond leas t o  turbui'ence, However, when the westerly winds are  
stronger than normal, westbound ai reraf i  show a preference for  Pme~ 
al t i tude and it w d d  appear that ,  a s  the rm jority of the twbuxenee 
reports in Table 4 a r e  a t  heights below 15,000 feet ,  the high incidence 
of turbulance with westbound f l ights  is assoefated with aaursions of 
strong when the vertical wind shear might be such as  t o  cause con- 
ditioru fkmurable for turbulence, 

A &-squared t e s t  of the data in Table 4 indicates that the varf-  
ation of reports of turbuleme between a i r e w f t  types stands a t  a highly 
signifXoant l w e l .  

No turbulence report fo r  a Oamdair a imra f t  was maeived, These 
a imra f t  were operated regularly un t i l  mid-May, 1954. 

Table 5 gives the distPfbutfon w i t h  height, of reports of moderate 
and amwe  turbulbnoe for the other 5 types of aircraft ,  

Table 5 - Distribution with height of lpsports of tu1.bUlmae 



Table 6 ahms tht a third of the ~epor%s of M s l u s e  warn 
associated nlth a i rcraf t  icing. A h i - s q u a r d  t es t  af the bta, ooup1.d 
with the fa& that the f i m t  colum of Table 6 includes a very e e a a f d . ~  
able &er of reports fmm a i rc ra f l  flying in oondftiom whom no hydro- 
b e o m  wan% prwent ud a number of sbporbs a t  tsmpexxilxmpn nhiah w a d  
not a&&% of icing, confirm tht Chis aeaocfation mrs si@fi6snk0 ho 
of the aim06 of r e p o ~ % d  ~ m m  turZ,ulsnae were assoehted lath r q o r t s  
of h a w  iefag. Icing ms not rmsocfatd with the othm cases of s s v e ~ ~  
t u r h h m e ,  One of theae reports m a  at a ttemrpsnrtum whioh did not 
admfd of fe ina  

w of W o ~ t i c  Situations i n  which Turbulenoe was reported: 

An axamfration was a d s  of the synoptic sitvaticma i n  which turbulence 
was zwported, A auonary of the maults is shown in  Table 7, 

Tab= - 9tumam of ocaurrence of turbulance in  different ssnoptio - 
situations i n  the Sbannon/Pmstwick FIR, October. 195y 

Se&mber, 1% - 

No ame of seven Curbulenoe ras reported i n  an Oacluaion or i n  Y h r r  
A i r  ilabmmi La a coasidanble number of frnat.1 aystsona over the &stem 
llorbh Atlmtio  have rapohd the ooclusdon atage by the t F w  tbrg -ah 
*I, the number of a s e s  of turbulence, and p a r t i d r l g  of m d e n t e  
turipulsaoe, i n  ocolusions ooversd exrrlafnation of a laas proportfa of the 
f%nt&l s ~ . s t e ~ .  The a s e s  of moderate turbulenae assochtd i  w i t h  an 
eodiueioa ooa3l?ad fa August and Ssrptaaber, The arms of fiodernte 



turbulence in warn fronts o c m d  in 0&oberg N o v d e ~ ~  Aug~ast and 
Septsmber, 

A possible association between the location of pmnouncad centres 
of q a l d o  vorticity on the 700 I&, and 500 mb. charts and the location 
of raports of turbulenoe was exploped, The voPticity a t  the location 
of the turbulence report s s  measured on the nearest appropriate ohapt 
using a celluloid tanplate aftex Sander and Kessler (1955). Examination 
of a few months' data showed a number of cases of turbulence where 
vortfoity was %em and an almost exactly e p 1  number of cases where the 
vor t io i ty ras  cyolonie and antioyclonfc, In v i m  of the indications so 
obtained, the runmining esses were nat examined in t h i s  Ught. 

h u b u l w e  in Clear A i r :  

An -tion of the 'flight conditions" rsported in assooiatfon 
w i t h  report8 of torbulsmoe gives an fndfostioq of the  asses of the o~curpenm 
of turbalence in c l a r  a i r ,  Unforturyltely not a l l  repopts of turtrulenoe 
ware awompllfed by reporka of f l ight  conditions and a s  the psporbs of 
t u r b u l w e  orten r e f w ~ e d  t o  a tima up t o  one b u r  p r d o u s  t o  the  time 
referrdl  t o  under f l ight  eondftions, it was not possible t c p  establieh in a l l  
oases i f  the afmwf'% a s  o r  m a  not fn daar a i r  a t  the tfms the tuftd~usco 
ras experhmed. 

The papcrts were checked aminat  oth& ava ihb le  fnicrwtfoa and it s s  
established that a t  l a ra t  71 cases of tu~bulsnce mre eaaeauatemd in d a a r  
air. This pspresenta about 2096 of al l  the turbulenae pspopts. Some of the 
reports wemu speciifarlly described a s  "dear a i r  turbulaoleen in the reports 
nN1e others rersly mve the h t ana i ty  of the tuPbulsnoe i n  d t f o n a  in 
nN& there nss rarsomble c e h i n t y  that the a i m f ' t  rms neither i n  el& 
nor fw thmugh p ~ p i t n h i o n  asaoehted w i t h  dsud a t  the  t h  the trpp 
bulaure was experienced, 

Table 8 d v e s  a arprpaw of the ceaurswaee cf turbulence in clear a i r  and 
the differeatposit ions of "tbe a i r cmf t  in Pelation t o  cloud cover, 

%bl. 8 - Ehmurp of rapoPts of turbulence in c l m r  a i r ,  with 
different positions of the  aircraft i n  relation 
t o  cloud cover, in the ShaMOIJPrestiak FIR, 

Severe 

- 
Total 

37 of the  report8 including 33 eassm of modslste t u x h h m e  oemrmd 
in oold af r rmsase, 



- 10 - 
19 aaaes (U l ight,  6 moderate) ocmnad in the vicinity of 

Surpaoe n a w  fronts, 

11 aases (9 light, 2 mohrate) occurred in the d & t y  of surface 
cold fronts, 

3 cmsw (2 light,  1 W e r a t e )  oam11ped in nam sir nasses and 2 cases 
of l ight  tuPbulace in dear a i r  re re  ~epo*ed i n  the  rio$nfty of a d o e  
oooluion. 

'Rtpbul- in clear a i r  aas reported a t  heights nmging fmm 6,000 t o  
21,000 feet. In view of the geographiaal mgion mBer discasaim the 
turbularure at the lor lwd  could scarcely be anaoaisted rith omgraphio 
effects. IcO of the reports wme moefved fo r  a i m *  a t  erarp. (westb~l~lld) 
al t ifudsa and 31 a t  odd (arafbound] altitudes. 

The genezal n o w  pattern a the 700 o r  500 nbr &art (0300 o r  1500 
QIP.) noamat arah report of turbulence i n  the  dear air a s  alsosifled 
in an effort  t o  gtw an indication of the fmqu~urg with which &&F a i r  
turbulence is encountered with difY'erant f l o w  Fatfern.  The results am - 
ahom in  Table 9. 

of Jet 

Warn side of 
Jet I 
A t  Jet intake I 
A t  Jet outlet I 
Uniform f low I 1  
slack area I 

In c l a s s i i s iw  the reports f n  relation t o  Jet  atream flw %lac ar%bie& - - 
rind in some cases, pa*i&r~g. on 700 mb. &&s, was below t h e  36 ns/s 
specified for  a jet straam i n  R e c a m t i o n  38 (56 - a e )  of the  W.XO. 
but where the f l o w  had a boundapg that  was well de f fnd  by a &nge of 
gm&ient the flow ms elassiffed a s  a Jet s t r u  On the other hand b r a d  
bel ts  of uniform f l o w  which had no well-narkad bounda~g were &asifled a s  
unifom flow even though on oasasiona the velocities i n  the v f d n i t y  of the 
position of the turbuPenoe repert were quite high, Slack apeas were 
usually wsak highs. The vast najority of case8 of turbuleme i n  dear a i r  
associated w i t h  a j e t  atream oamrred on the low pressure and cold side of 
the jet. Thls agrees with results  obtained by Bannon (1952) and others 
investigating severe turbulence. Some oases of moderate clear a i r  turbul- 
erne not associated with jet s t r e a m  were encountered a t  heights above 
15,000 feet which differs f r a m  the e erieme of UnitedAfrlines over 
~ ~ c a  a s  reported by Harrison (1958, 

There rere  not enough cases t o  indicate aw difference, a s  regards 
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olear a i r  turbulence9 between conditions a t  the sntwnee or  &t of a 
jet. ]lope cases of olar a i r  tur"bulrmc~e were assmiatdl  r l f h  lPniform 
flm than with aq-  othsr oenf'igurstfon, The 28 eases of d e a r  a i r  
turbulence in uniform f low repe associated with gradfe& Kfnd speeds ran- 
frum 25 t o  100 knots, measured from the nearest upper a f ~  &arbs Qn each 
case, In addition, a s  shown i n  Table 9, sevm other cases *re repopt& 
i n  slaak arms,  It m a  noted that in the case of w nlnmber- of t raMenca 
reports %A uFnifcr%m f l ow  there m s  no n&fceable vepRkd w b d  shear O r  
abnormal vert ical  temperature p d f e n t  between the 700 and 500 mb, levels, 
A oomparisca of the gmdient wind at the 700 and 500 &, levels and the 
overall temperature lapse between the levels is not detailed enough t o  
give a reliable fndiaaticn of the vert ical  w i d  ahear and temperature lapse 
ra te  a t  the location of an inditridual report of turbulence, Wind and 
t ~ r s ~  mif l sg  (mainly associated with jet  streams), produced by 
Sao~Wr (1956 5' and others, indicate the existence of shallow layers of very 
groat rind ahmr and low s t a t i c  s tabi l i ty  which i n  certain circumstances 
a m  h*ourable for the ocourrenee of turbulence, These shallow layem 
would not be evident from the data on the charts a t  the 700 and 500 mb, 
lwdla. Consequently, no attempt was mde t o  amlyse the turbuleme 
reports i n  terms of the Richardson numbsr, 

The number of clear a i r  turbulence reports nmr  the aentpes of low 
promare ms remPhbbly -11 but Ghis may be due t o  the fa& that mcst 
l a w  oentrea a t  the 700 and 500 mbo l ewd8  a m  associated r l t h  active surface 
qd.gll glving oxhanive aloud development at  the aentps, and airasaf t  
below 20,000 feet i n  the a r m  would fmquently not be i n  dear air .  

I wish t o  erppass rqg thnb t o  the var4ous &era of the s taff  of 
the He t~ rc log ica l  Office, Shannon AirpoPt, f o r  suggestions st a l l  stages 
of the work 
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Fig. 2 Distribution of raporta of Tprbulea~oe exparfsncd by r i m a f t  in the 
Stmmoqhreatriolr Fli@ Infarmation Region for the y a r  Oatober, 
1953/9spfeber, 1954- 



mg.3 or Severe Rrrbulence iron 
m i f t  in tho estrick Flight Mollntion Region for 
the y a r  1954. - 



Light Turbulmce at 19000 it. 
Light Turbulence at 17000 it. 
w#lt hrrbul~loe 21000 ft. 
Light Turbuloaoe at 21000 it. 
Light hubulmoe at 15000 it. 
tibt M u l o m e  at lJ@ca ft. 
List Ihrrbulamo at 8000 it. 
Li@ Turbulawa at 8000 it. 
Light hubuleume at 9000 ft. 
Li&t Turbulenoe at 8000 it. 
Light Turbulaoe at 17000 it. 
Hodante Turbul.~~~ at 10000 it. 
Li&t Turbulanoe at 8000 ft. 
W e a t e  Tdml.mae at 14000 ft. 
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7. 
8. 
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2230 am. 28th 9.pt. 
2342 28th 
0002 am. 29th s&. 
0 2 1 c 2 ~ .  " " 
0255W.  " " 
0345 Gm. * 
o w = .  " " 
W 7 W .  " " 
a r , 3 o G r n .  " " 
0445Gm. " " 
0 4 4 5 w .  " " 
0520 GYP. " " 
0545 GMr. " " 
0 5 4 5 m .  " " 

Light Turbulrrce a t  19000 it. 
Light Turbulmoe at  17000 it. 
Light Turbrrlacm rt 21000 it. 
Light hvbulmoe a t  21000 it. 
Light Turbulex~~e at  15000 it. 
Light Turbulcmce at  14000 f't. 
Light hubulume at  BOOO ft. 
Light Turbulenoe at  8000 it. 
Light Turbuleme at  9000 it. 
Light Tu%ulenae at  8000 it. 
Light Turbulezme at  17000 it. 
Modezate hubulsnoe a t  10000 it. 
Light Turbulenoe at  8000 tt. 
Modezat. Turbulenae at  lm it. 




