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AN ANALYSIS OF TIIE W I N D  COMPONENTS AT TE3 300 MB, LEVEL ALONG THE 
GREAT CIRCU TRACK BETWEEN SEANMON AAD GAADER 

by 
W .  O'Byme, M.Se., and M.J. Connaughton, M.Sc. 

Abstract, : 

The mean wind componenfs s t t h e  300 mb. Level along the Great Circle 
track between Shannon and Gain&er a t  0300 and 1500 GHT. each day over the 
perfad M%y, 1950 t o  April, l $ 5 6 , h e h s f v e 9  were obtained from charts f o r  
t h i s  level .  The mean value aad r t a n b r d  deviation of the wtna components 
a re  given f o r  a l l  monthe ach mars,. The freguemy dis t r ibut ions of the 
components and of the twelve-hour component ebnges  w e  given f o r  a l l  months 
of the year. .Correlation between the components a t  the 300 and 500 mb. . 
levels  is found t o  be hfgh and l inear  regression eqmtions computed f w  the 
different  months give the 300 mb. components Prom the 500 mb. oomponants t o  
a high degree of accuracy. 

It is expected that eomaternish a i r c r a f t  w i l l  be f ly ing  over the 
North Atlantic a t  a l t i tude6 ab~ove the present operating cei l ings of p i s t m -  
engined a i rc raf t '  i n  the nuear fu ture .  Ha view of t38Ss9 a s t a t i s t i c a l  fn-  
vestfgation of the wind components a t  the 300 mb. l eve l  along the Great 
Circde t rack between Skaannonr and Gaaaer was unrdertaken, and i n  t h i s  paper 
a summary is presented of the  bas%% resu l t s  f w  the periodl May, 1950, t o  
April, 1956, inclusive, during which 3CO mb. actual  char ts  (as  well a s  
prognostic c b r t s )  were pPeprPred at the PleteoroLogical Wfice,  Skdamon 
Airport, fox 0300 end 1300 GtQ. each day. An account of a similar i n -  
vestfgation of the components a t  the 700 mb. am3 500 mb. levels  had been 
published by G f B h n  and R O ~ I I  (L95.S)54]. Pn order t h a t  the  data f o r  a l l  
three levels  m y  be eoarparea d i r ec t ly  with one another, the Pay-out of the 
present paper b e  been kept i n  conformity with t b a t  of Gillman and Rokn. 

Def inf t ion  and Method of Measurement of Components z 

Throughout t h i s  anedysis, the *.ern %ompone8ytQi is t o  be understood as 
befng the mean value i n  knots of the  wind veloeity resolved along the  Great 
Circle t rack a t  a f ixed time, weaterag winds beisag regarded as posit ive and 
eas te r ly  winds a5 negative. Fmse composents have been ~ a s u r e d  from the 
300 mb. data f o r  0300 and 1500 GMT, eaeh day tkougbout the perfod under 
review. 

Each component is calculated wing a transparent template whose centre 
l ine  is shaped t o  the traek, sad whose width represents 300 naut ical  miles 
on the  e k r t .  Tbe average pressure gradient along the t m e k  is obtained by 
summing differences i n  the c o n t m  vabdes across, the top and bottom edges of 
the template a t  e ight  equidistant points. The compaent is computed by 
applying a eonversion factor  t o  t h i s  mm0 

We use of such a template Pe open t o  c r i t i e fsm on the pwdnds that it 
ignwes ageostrophfe factors ,  a&, aim, that due t o  its width it measures 
an average component over a distance of 150 naut ical  a i l e s  on e i the r  aide of 
the Great Circle ra ther  than that along the Great Circle i t s e l f .  In  
addition, befng a mean value for the whale t rack f o r  a fixed ti-, the cam- 
ponent rmy d i f f e r  appreciably from tbt experienced by an a i r c r a f t .  The 
ageoetrophie e r rors ,  which would apgear from a suPvey reported by Murray 
(1954) t o  be of the order of LO knots, a re  compensated t o  somc extent by the 
practice i n  analysis over the North Atlantic,  where tbe network of ac tua l  
uppep a i r  ascents is not dense, of h y i n g  s t r e s s  on ac tua l  wind reports in 
the  drawing of e m t o w e .  POP the r e s t g  the dfeadvantages a re  balamed by 
the speed and obgeativity of the method, rhfeh, l i ke  the zoraal index, pro- 
vides a simple masure of t h e  wind Plow. Though l i t t l e  data a r e  as  yet 
available which would provide eonfirmatfort of the accuracy of t h i s  mthod 
of edltfmrtion of the  component at the 300 mb. level,  a routine cheek on the 
performance of west-bow& fLig$t& from S b m o n  a t  the 700 and 500 mb. levels 
has proired the uuLfltg of t h i s  measure a s  a close first approximution t o  the 
in  -rligbat components. 



It is t o  be observed, however, tbt when a Jet-stream impinges on the 
t rack the component measured b r  means of the template m y  d i f f e r  appreci- 
ably from the actual  value. Owing t o  the lack of concrete informntion on 
the s t ructure  of ac tua l  get-streams, and t o  the paucity of wind reports 
along and near the t rack,  it is not possible t o  mite a r e l i ab le  quanti- 
t a t i ve  estimate of the  e r ro r  l ike ly  t o  a r i s e  from t h i s  soupee. Application 
of" the template method t o  the neasurement of the component i n  one zone 
affected by a theore t ica l  Jet-stream constructed along l ines  suggested by 
Croeker (19521, shws  that when the Jet-stream core l i e s  along the Great 
Circle or within 150 naut ical  miles t o  north of !itB the template under- 
estfmates the actual  component, while i f  it l i e s  within 150 miles t o  south 
of the Gpeat Circle, the templete measurement is an overestimate. A s  the 
number & oeeasions on which a jet-stream core lay t o  the south of the 
t rack considerea is small compared with the number of occasions on which it 
lay t o  the north, the net r e su l t  is probably an underestfmate i n  the hfghest 
components measured. Examination shows, hweves, t h a t  the maxinnam er ror  
l ike ly  t o  arfee from t h i s  source would increase the over-all  average com- 
ponent by only about one-fifth of a knot. 

Analysis of Actual Values: 

The mean and the standard deviation of the wind conrponel~t f o r  a l l  
!'10QtBB amd years a re  given i n  Tables I and 11. 

Table I - Mean W i n d  Component i n  Knots a t  tBe 300 mb. Level 
. . . . .  " _I.-._.._.... _ .  . ~ , , . .  , . . .  . , . . " "  , . . . . , . . . , . ,  

Jan. 
Feb . 
Mar. 
Apr 
*Y 
June 
July 
Aug . 
Sept . 
Oet . 
Nov . 
Dee. 

Mean & a l l  4,384 components : - 37.5 knots 

Table I1 - Standard Deviation of Wind Components a t  the 300 mb. 
Level -- 

Jan. 
Peb . 
Mar. 
Apr . 
June 
July 
Aug . 
Sept . 
Oct . 
NOV . 
Dee. 

I r 
Stendnrd Deviation of a l l  b,j84 eompoients: - 24.8 k ts  - 

The d is t r ibu t ion  of cornpornat values is shown in histogram form in 
Fig*. 1 and II, and tht f o r t h e  wbole period i n  Fig. PIX. While t h i s  
l a s t  shows a d is t r ibu t ion  very close t o  Gaussian t o  which reference w i l l  



be made l a t e r ,  many of the histogram6 f o r  the indivi&ual months suggest a 
compound dis t r ibut ion,  and th i5  i s  supported by an analysis using a r i t h -  
metical probabili ty paper. Xnveatigation of the freqdency tab les  from 
which the diasram were prepared shcw~ that some features were reproduced 
year aftex y e a ,  which leads t o  the conclusion tha t  tbeese Peatwes are not 
due t o  any marked abnormal%t,j. i u  any individual p a r .  

The most msrked bi-mobel df.stributions occur i n  F~brua~rry, April and 
June. This was a l so  observed st the 703 end 500 mb. leve ls  by Gilhman 
and Roban, who explain that. fo r  F'ebruary as  follows : - " . . . . . the b i - m o d a l  
d i s t r ibu t ion  fo r  F e b r i r y ,  which r e f l ec t s  the occurrence of a pronounced 
low component regime a t  t ha t  time of year, is of i n t e re s t .  The occurrence 
of t h i s  "index eyelee' i n  Pebpdasy b.6 been described by ranias (1950% using 
data for a different  period (19&-19b8), and i s  supported by r e su l t s  based 
on a study by Willet (1947.1 in  recpect of the years 1932 t o  1939. A l ist  
of eases of blocking action f o r  15133-1940 and 194s-195C given by fiex (19501 
shows that blocking action occLlrs i n  the North Atlantic almost every year 
i n  February and supports >he view tha t  t.& bi-mcdal s t ructure  of the h is to-  
gram fo r  February i s  not. nn.amlous, " 

GiLliman and Rohan a l so  noticed an et'fect i n  t.he January histograms of 
the  700 and 500 mb. component frequencZ.es produced by the onset of t h i s  
blocking action towa~ds %he end of January. This e f fec t  does not appear 
i n  the 300 rab. compomat histogram, f o r  the Low component reginn? a t  300 mb. 
did not s e t  i n  before the be&%nning of February i n  any of the years 1 9 5 1 t o  
1956. The s l igh t  bi-modal. trend seen i n  the January diagram is t o  be 
a.ttrituted t o  a regime G? very ~ t r o n g  winds vbXah occurred thwughout a coc- 
fiidea-eble portion of t h t  ,month i n  the yews 1951 and 1952, and the in -  
flnence of t h i s  is a l s o  noticable in  the s h i f t  Lowam hfg&er components 
of the February minor mode, which is due t o  an extension beyond the end 
bf Yammry of t h i s  very strong regime. 

While the 300 I&, dis t r ibu t ion  f o r  MRy does not hhow as  marked a b i -  
m o & l  appearance a s  those of' the corresponding 700 and 500 mb. components, 
the perslatenee of blockfng highs over the eastern North Atlantic and 
Western Europe during th is  mont'n, pointed out by Sanders (19531, is 
reFPected i n  the low average values of the component for  May, The b i -  
modal s t ructure  of the  histograms Pox April and June, is t o  be a t t r ibu ted  
t o  the Pact that the d is t r ibu t ion  fo r  these months i s  Rffected by the date 
or cornencement and cessation of t h i s  blmking act ion.  

while the histcgram fo r  Mareh share one mode, an analysis oP the data 
f o r  t h i s  month on probabili ty paper swges t s  there a re  two ar i s ing  from 
two d i f fe ren t  d i s t r ibb t ions .  Examination of the basic data shows a 
period of low component5 i n  each year, but only i n  1.952 dces t h i s  follpw 
df ree t ly  on the February low component spe l l ,  It may be remarked tha t  i n  
1952 the component exceeded 30 knots on only nine days between February 7 
and April 3, and tha t  the mean component f o r  March 1952 was the lowest for  
eny month d7uing t$e period dea l t  with i n  t h i s  investi8at%on0 

The histogram showing the l ea s t  tendency towards reflEarity f s  that 
f o r  llovember. Examfnatioi? of the data on whbeh the diagram was bssed 
shows that while there was, i n  each month of !3ovember, a period of low 
eompownt& a s  is i l lus t r&ted  by the appearance of a mode well towards the 
"negativeY' end of the scale,  the frequency of individual posit ive components 
of from 25 t o  80 knot8 88 relmrkably uniform, and the frequency of component&! 
greater  than 90 knot6 was higher than i n  any other month. 

The d is t r ibu t ion  i n  September ahms a minor mode tovanis the lO~-com- 
ponent end or the scale,  a t t r ibu tab le  almosz en t i r e ly  t o  a s p e l l  of low 

components i n  September, 1953. T b t  f o r  December shows a m i n o r  made towards 
verg.hligh coapomm%~, ref lect ing short  periods of strong winds which 
occurred i n  tbt month i n  each year. 

In  each of the r e m i r i n g  months, July, August and October, the d i s t r i -  
bution shows only one s ignif icant  node. A feature of Interest  is the com- 
plete  absence of m y  instances of net, eas te r ly  nomponents i n  e i the r  July or 
Allgust. 



- k -  
. . .. 

p i k e  %PI' shoirs t5e B8istogi.ain of ' the freqiakney d h t r l b u t i o n  'of' the 
eomponehts throu&i6ut the 'vliole'p&rfod. The appearance of the anor&lous 
ait i tkibutibn oi $I% .5omposientC above 96 'ktiots supports  the remiPks made 
tib&e-abbout the unre l iab i l i ty  of the template masuregsnts of very high 
components . 

, .  . 

The frequency dis t r ibut ions fo r  the monthly antl 'svhole-periodw data 
were examined for kurtosis and skewness by a method due t o  Geary and 
Pearson (1938). The dis t r ibut ion of the "wholi -pcrfod" data shws ' a  
very close approxination t o  norml i ty ,  as is apparent f ran Fig. 111, where 
the curve f i t t e d  t o  the histogmrn is the normal curve 

2 
y = 70.52 expb -x i1230) 

Relationship betveen 300 mb. and 500 mb. Components: 

The c o ~ f f i c i e n t s  of correlation between the components a t  300 mb. and 
500 mb. levels 

(1) fo r  each month, using the data f o r  tha t  month i n  a l l  years, and 

(2) fcr the vhole pk~iod, 

are  shown i n  Table 1x1, together with general l inear  regression apmt%em 
showing both the 300 mb . and the 500 mb. component as independent variable. 

TABLE 1x1 

Correlation Co-eff%eSenta and Linear Regression Equations between 
500 and 300 mb, Components 

Month 
C a f f  . 

Regression Equations 

x = 300 mb. Qomponent y = 500 mb. Component 
x i n  

terms of y Y i n  tern,  of x 

In  addition the value of t h e  correlation eo&fff&ient fiir i aeg  of C,e 
seventy -two montG was calculated. Almost a l l  the 'itdues ' so  obtairke? show 
a high degree of correlation 'b tvken  t h e  win(l'co~oi16rits ' a t  tlic 300and 50C) . mb. . 
levels ,  even fo r  individual months, The'mbntK shovihg the sloslIest valwi 
of the correlation co-effi6ient is August, a s  was .f hid ' b y ' C i 1 h n  a d '  Robn 
for the correlation between t h e 5 0 0  aid 700 mb; w c r i d c r ' ~ o q o n e n t 6 . ^ ^  This 

' 

comparatively pooreorrelat iou was p o k d t o ' b i ,  aciwith G i l h n  and Rohan, 
largely due t o  a number of bws which, i n  August 1953 (for which month the 
correlation eo-cfffeient was only a.552) moved slowly close t o  the track, and, a 

on weasions gave zonal components of opposite sign a t  the 300 and 500 mb. 
levels .  I n  general, how eve^, the co-cfficients for the individual months 
show only slaall departures irom thoae of the monthly values taken over the 
whole s i x  years. 

'phc values of the 300 mb. eoslponents calculated from the ~ppropr i a t e  
regression equatfons agree very closely with observed values. Correlation 
e o e f f f e i e n t e  as high as 0.98 were found. This suggests that  Where a 'eoLi&' 



f l o w  eovers most of the t rack considered, a sui table  regression equation 
would give one component i n  terms of the other t o  a high degree of accuracy. . - 
Cumulative Frequencies of 300 mb. Coqonents : 

An analysis of the cumulative frequency curves is presented i n  Fig.  IV, 
where the component values correeponding t o  selected percentiles are  shown. 
Values within the ranges 1% t o  25$ and 75% t o  9% may be obtained by l inear  
interpolation on ar i thmetical  probabili ty paper. 

A comparison with the emresponding curves f o r  the 700 and 500 mb. 
levels  (Gillman and Rohan) shows the following points of interest : -  

(1)  TBc comparative 1% t o  range f o r  March and September a t  300 mbs . 
is l e s s  than a t  the lower levels .  

( 2 )  The greatest  range is found i n  March at the 700 mb. level, i n  
December a t  the 500 mb. I r v e l  and i n  November a t  the 300 mb. level .  

(3 )  The smallest range is found a t  a l l  levels  i n  August. 

While, a s  was remarked above, a considerable e r ro r  i n  the values of the 
high components, a s  measured by the template method, would lead t o  only 
an inafgnificant increase i n  the average component, it could have a marked 
influence on the posit ion of the 9% percentile l eve l  i n  the cumulative 
frequency diagram. Components of 100 knots and above were found only 
i n  the winter half year October t o  March, inclusive.  Dwiug these months, 
therefore, a s h i i t  t o  the r igh t  of the 9% percentile l eve l  might be 
expected, though t h i s  could be s ignif icant  only for November and January, 
vhieh eccount f o r  twenty out of the  thirty-one components of t h i s  magnitude 
which were encountered. 

A ~ l y s i e  of 12-hour Changes i n  the Wind Component a t  the 300 mb. Level: 

Figure V shows the percentiles of changes i n  the components between 
the times of successive charts .  The diagram fa proviQed i n  order t o  
supplement the information given by the standard deviation, which, alone, 
does not provide a sa t i s fac tory  measure of var ia t ion fo r  a l l  purposes of 
comparison. 
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HISTOCRAMS OF 300 M0 WINO COMPONENT ON CC.  SHANNON 
TO GANDER 

USED ON DATA mn MAY ISSO TO AmIL are ncLunve .  mc I N T C ~ A L  or rw 
COMPONENT IS S KNOTS. FREQUENCIES ARE EXPRESSED A8SOLUlCLY. M U W  
VALUE FOR EACH vantn o umcro rr A v r r m A L  u w r  



HISTOGRAMS OF 300 MB WINO COMPONENT ON C.C. SHANNON 
TO GANDER 

U S E D  ON DATA fOR MAY ISSO TO A M I L  INCWSWC. THC WTCILWL Of WIND 
COMPONLNT IS KNOTS fRCQUCNCIU ARC C X M U l E D  AUOLUTCLY. YEAN 
VALUE FOR c b c n  vown IS MARKCD BY A VCMICAL LING. 

APRIL - SEPTEMBER 

nc. 1s. 



fRLQUtNCY DIAGRAMS O f  3 0 0  MB COMPONENT ON CC. 
SHANNON TO GANDER 

USED OW MEAWREMCWn fOR PEW00 YAY bSO 70 APRIL IWS, INCLUSIVC. 

THE INTERVAL OF WIND COMPONENT IN THE HISTO~MM I S  6 KNOTS. 
x= 

THC SMOOTH CURVE IS THC NORMAL CURVE Y - 704s CXP (- - 1 
I U O  

THE CENTRAL VERTICAL LINE CORRESPONDS TO W E  W A N  COMPONENT, 

- 3 7 4  KT$. 
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DIAGRAM SHOWING PERCENTILES OF 300 MB COMPONENT 

O N  C.C. TRACK BETWEEN SHANNON AND GANDER 
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PERCEN'IILES OF I2 HOUR CHANGES OF 3 0 0  MB WINO COMPONENT 
BASED ON DATA FOR PERIOD MAY l 9 l O  tO APRIL 1956, 1WLUSIVf. 
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