DEPARTMENT OF INDUSTRY AND COMMERCE
METEOROLOGICAL SERVICE

TECHNICAL NOTE No. 24

RN -\'~.

‘\\ Iy

‘v}\

\‘
J

’4.

AN ANALYSIS OF THE WIND COMPONENTS AT THE
300 MB LEVEL ALONG THE GREAT CIRCLE TRACK

BETWEEN SHANNON AND GANDER

BY

J. W. OBYRNE, MSc.
AND
M. J. CONNAUGHTON, M.Sc.

DUBLIN
MAY 1957

Decimal Index:-

551.557. 36(261)
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GREAT CIRCLE TRACK BETWEEN SHANNON ARD GANDER

by
J.W. O'Byrne, M.5¢., and M.J. Connsughton, M.Sc.

Abvstract:

The mean wind components at the 300 mb. level along the Great Circle
track between Shannoa and Gapnder at 0300 and 1500 GMT. each day over the
period May, 1950 to April; 1956, ineinsive, were obtained from ¢hsrts for
this level. The mean velue snd standard deviation of the wind components
are given for all monthe and years. The frequency distributions of the
components and of the twelve-houwr component changes are given for all months
of the year. . Correlation betwveen the components at the 300 and 500 mb. |
levels is found to be high and ilinear regression equations computed for the
different months give the 300 mb. zomponents from the 500 mb. components to
a high degree of accuracy.

Introduction:

It is expected that commersial aircraft will be flying over the
North Atlantic at altitudes ahove the present operating ceilings of piston-
engined aircraft in the near future. In view of this, a statistical in-
vestigation of the wind components at the 300 mb., level aloung the Great
Circle track between Shannon and Gander was undertaken, and in this paper
e summary is presented of the hasic results for the pericd May, 1950, to
April, 1956, inclusive, during which 300 mb. actual charts (as well as
prognostic charts) were preparsd at the Meteorolegiesl Office, Shannon
Airport, for 0300 and 1500 GMT. sach day. An sccount of a similar in-
vestigation of the componente at the TOO mb., apd 500 mb. ilevels had been
publisked by Gillman and Rohan (195k). In order that the data for all
three levels may be compared directly with one another, the lay-out of the
present paper has been kept im conformity with that of Gillman and Rohan.

Definition and Method of Messurement of Components:

Throughout this analysis the term "compoment® is t¢ be understood as
being the mean value in kaote of the wind veloecity rescived along the Great
Circle track at a fixed time, weasterly winds heing regarded as positive and
easterly winds as negative. These components have been measured from the
300 mb. data for 0300 &nd 1500 GMT. each day throughout the period under
review. ‘

Each component is caleulated using & transparent template whose centre
line is shaped to the track, and whose width represents 300 nautical miles
on the chart. The average pressure gradient along the track is obtained by
summing differences in the contour values across the top and bottom edges of
the template at eight equidistant points. The component is computed by
applying a conversion factor to this sum.

The use of such a template is cpen to eriticism on the grounds that it
ignores ageostrophic Ffactors, and, alsc, that due to its width it measures
an aversge component cver a disztance of 150 nautical miles on either gide of
the Great Circle rather than thet along the Great Circle itself. 1In
addition, being a mean value for the whole track for a fixed time; the com-
ponent may differ appreeiably from that experienced by an aircraft. The
ageostrophic errors, which would appear from a survey reported by Murray
(195&) to be of the crder of 10 knots, are compensated to some extent by the
practice in analysie over the North Atlantic, where the network of actual
upper air ascents is not dense; of laying stress on actual wind reports in
the drawing of contours. For the rest, the disasdvantages are balanced by
the apeed and objectivity of the method, whieh, like the zomal index, pro-
vides a eimple measure of the wind flow. Though little data are as yet
available which would provide confirmation of the accuracy of this method
of estimation of the component at the 300 mbh. level, a routine check on the
performance of west-bound flighte from Shanaon at the TOO and 500 mb. levels
has proved the utility of this measure as a close first approximation to the
in-flight components.
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It is to be cbserved, .however, that when & jet-stream impinges on the
track the component measured by means of the template may differ appreci-
ably from the actual value. Owing to the lack of concrete information on
the structure of actual jet-streams, and to the paucity of wind reports
along and nesax the track, it is not possible to make a reliable quanti-
tative estimate of the error likely to arise from this source. Apgplication
of the template method to the measurement of the component in one zone
affected by a theoretical jet-stream constructed along lines suggested by
Crocker {1952}, shows that when the jet-stream core lies along the Grest
Circle or within 150 nautical miles to north of it, the template under-
estimates the asctual component, while if it lies within 150 miles to south
of the Great Circle, the template memsurement is an overestimate. As the
number of occasions on which a jet-stream core lay to the south of the
track considered is smell compared with the number of occasions on which it
lay to the north, the net resuli is probably an underestimate in the highest
components measured. Examination shows, however, that the maximum error
likely to arise from this source would increase the over-all aversge com-
ponent by only about ome-fifth of a knot. '

Analysis of Actual Values:

The mean and the standard deviation of the wind componeqit for all
months amd years are given in Tables I and II. ‘ -

Table I - Mean Wind Componrent in Kmote at the 300 mb. Level

1950 | agsi| 1952 | 1953 1gsu| 1955 | 1956. ALl

; Years |

Jan. - 63.4| 66.3 1.0 45.3| 21.4 | 34.0 45.2 |
Feb. - 52.6 2% .1 36.9 49.9| 25.8 | 26.8 35.9

Mar . - 27.9 10.8 31.2 32.9! 15.5 | 3%.1 25 .4

Apr. - 32.0 35.4 22.8 38.97 28.1 | 20.1 29.7 ;
May 11.8 15.1 12.8 18.6 21.5] 2¢.2 - 18 .2
June 28.4 14.9 32.3 39.4 26.3] 30.9 - 28.7
July 1.1 1.6 28.2 WY .5 52.0] 0.0 - 1.2
Aug. h2.8 46.5 35.5 55.0 43.6] 40.6 - Ly .0

Sept . 64.7 - 51.2 30.0 .{ 35.1 56.1] 50.8 - 46.3
Oct . 53.8 47.3 %0.0 . 50.6 50.4(| 33.8 - 6.0
Nov. 39.4 4.8 22 2 57.1 66.1| 16.7 - 41.9
Dec. L. b 63.7 33.0 52.3 5751 39.9 = 17.8

Mean of all 4,384 components:- 37.5 knots
Table II - Standard Deviation of Wind Components st the 300 mb.
Level ‘ -
1950 1551 1952 1953 19541 1955 | 1956 Yg%%a
Jan. - 19.5 2y .2 174 2541 17.8 | 17.7 26.0
Feb. - 2.0 25.6 2.6 22.5] 28.0 | 26.8 28.0
Mar. - | 26.0 2% .6 16.8 23.8] 23.6 | 29.7 25.7
Apr. - 15.8 23.3 19.0 30.6f 23.3 | 16.4 23.0
May 20.3 18.0 1.8 18.4 13.8| 17.9 | - 18.3
June 21.1 18.6 17.8 12.2 | Ww.1} 2.9 | - 20.0
July 12.1 1.0  12.3 19.3 13.1| 10.3 - 15.5
Aug. 14.3 1.3 15.7 12.1 14.3] 13.1 - 15.4
Sept. 12.9 16.6 | 22.1 23.8 15.8] 13.5 - 2L.7
Oet . 20.2 19.2 20.3 20.8 28.6] 30.0 - 24.5
Kov. 38.2 28.9 22.7 2.2 23.6! 16.8 - 31.7
Dec . 17.0 17.9) 29.8 17.6 19.7| 30.2 - 25.1
Standard Deviation of all 4,384 components:- 24.8 kte

The distribution of doﬁpbﬂénx'valuea is skown in histogram form in
Figs. I and II, and that for the whole peried in Fig. III. While this
last shows & distribution very close to Gaussian to which reference will
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be made later, many of the histograms for the individual months suggest a
compound distribution, and this is supported by an analysis using arith-
metical probability paper. Investigation of the freguency tables from
which the disgrame were prepared shows thet some featurss were reproduced
year after yeer, which leads to the conclusion that these features are not
due to any marked abtmormality in any individual year.

The most marked bi-model distributions oecur in Februsry, April and
June . This was also cbserved at the TOO and 500 mb. levels by Gillman
and Rohanr, whe explsin that for February as follows :- "..... the bl-modal
distribution for February, which reflects the cccurrence of a pronounced
low component regime at that time of year, is of interest. The cccurrence
of this “index eycle” in February has been described by Mamias (1950) using
data for a different period (lgum-19u8)y and is supported by results based
on a study by Willet {1947) in respect of the years 1932 to 1939. A list
of cases of blocking action for 1933-1940 and 1945-1950 given by Rex (1950)
shows that blocking action occurs in the North Atlantic almost every year
in Pebruary and supports the view that the bi-modal strueture of the histo-
grams for Pebruary is not spnomelous.”

Gillman end Rohan also noticed an effect in the Januwary histograms of
the 700 and 500 mb. compeonent Preguencies produced by the onset of this
blocking action towsrds the end of January. This effect does not appear
in the 300 mb. component histogram, for the low component regime at 300 mb.
did not set in before the beginning of February in any of the years 1951 to
1956. The slight bi-modal tremd seen in the January disgrasm is to be
atbtributed to a regime of very strong winds which cccurred throughout a conr-
sidersble portion of that month in the years 1051 and 1952, and the in-
fluence of this is also noticable in the shift towards higher components
of the February minor mode, which is due to an extension beyond the end
of Japuary of this very strong regime,

While the 300 wmb. distribution for May does not show as marked a bi-
modsl appearance as those of the corresponding 700 and 500 mb. comporents,
the persistence of blocking highs over the eastern North Atlantic and
Western Europe during this month, pointed out by Sanders {1953}, is
reflected in the low average values of the component for May. The bi-
modual structure of the histograms for April and June, is to be attributed
to the fact that the distribution for these months is effected by the date
of comencement and ceszation of this blocking action.

While the histogrem For March shows one mode, an anslysis of the data
for this month on probwebility paper suggests there are two arising from
two different distributions. Examination of the besic data shows a
period of low components in each year; but only in 1952 does this follow
direstly on the Pebruary low component spell. It may be remarked that in
1952 the component excesded 30 knots on only nine days between February 7T
and April 3, and that the mean c¢omponent for March 1952 was the lowest for
eny month during the period d=alt with in this investigation.

The histogram showing the least tendency towards regularity is that
Tor Wovember. Examination of the data on which the diagram was bhased
shows that while there was, in each month of November, a period of low
components, as is illustrated by the appearance of a mode well towards the
negative" end of the scale, the frequency of individual positive components
of from 25 to 80 knots ie remarkably uniferm, and the frequency of components
greater than 90 knots was higher than in any othear month.

The distribution in September ehows a minor mode towards the low-com-
ponent eud of the scale, attributable almost entirely to a spell of low
components in September, 1853. That for December shows a minor mode towards
very. high eomponsnte, reflecting short periods of strong winds which
occurred in that month in each year.

In each of the remaining months, July, August and October, the distri.
bution showe only one significant mode. A festure of interest is the com-
piete absence of sny instances of net easterly components in either July or
August.
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© 7 Pigure III skows the histogram of the frequency distribution of the
components throughout the vhole périod. ‘The appesarance of the anomalous
@iétribﬁtién”df the ¢omponénts above 96 knots supporis the remarks made
above about the unreliability of the template measurements of very high
components .

- The frequency distributions for the monthly and "whole-period" data
were examiped for kurtosis and skewness by a method due to Gesry and
Pearson (i938). The distribution of the “whole-period” data shows a
very close approximation to normality, as is apparent from Fig. III, where
the curve fritted to the histogram 18 the normal curve '

2
¥y = 70.52 exp(-x /1230}

Relationship between 300 mb. and 500 mb. Components:

The co-efficients of correlation between the components at 300 mb. and
500 mb. levels

(1} for each month, using the date for that month in all years, and
(2) for the whole period,

are shown in Table III, together with general linear regression sguations
showing both the 300 mb. and the 500 mb. component as independent variable.

TABLE - III

Correlation Co-efficiente and Linear Regression Equations between
' 500 and 300 mb. Components

' Regression Equaetions
Month Corr
Coeff. X = 300 mb. Component y = 500 mb. Component
tcrﬁsigf Yy ter%aigf X
Jan., 0.914 l.1yy + 6.8 0.73x + 0.6
Feb. 0.910 1.18y + 3.6 0.71x + 1.8
Mar. 0.915 1,16y + &.5 0.7lx + 0.2
Apr. 0.910 1.25y + 3.3 0.6Tx + 1.3
May 0.823 1L.10y + 5.5 0.60x + 0.6
June 0.848 1.16y + &.7 0.62x + 2.9
July 0.828 1.30y + 3.5 0.51x + 8.2
Aug. 0.751 1.15y + 10.0 0.43x + 8.0
Sept. 0.859 1.3y + 2.9 0.56x + 6.8
Oct. 0.893 1.18y + 1.5 0.68x + 1.5
Rov. 0.936 1.28y + 1.k 0.68x + 2.9
Dec. 0:904 1L.2% + 4.7 0.T5x ~ 0.1
All data 0.897 1.19y + 5.4 0.68x + 1.6

In addition the value of the correélation co-efficient for each of tie
seventy-~two monthe was caléulated. ' Almost all the values 80 obtained show
8 high degree of correlation betweeén the wind componenis at the 300 and 500 mb.
levels, even for individusl months. The month showing the smallest value
of the correlation co-efficient ie August, as vas found by Giliman and Rohan
for the correlation between the 500 and 700 mb. wind components. This
comparatively poor correlation was found to be, as with Gillman and Rohan,
largely due to a number of lows which, in August 1953 (for which month the
correlation co-efficient was only 0.552) moved slowly close to the track, and,
on occasions gave zonsl componemts of opposite sign at the 300 and 500 mb.
levels. In gemeral, however, the co-efficients for the individual months
show only small departures from those of the monthly values taken over the
whole six years.

The values of the 300 mb. components calculated from the appropriate
regression equations agree very closely with observed values. Correlation
co-efficients as high as 0.98 were found. This suggests that where a “solid”
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flow covers most of the track considered, a suitable regression equation
would give one component in terms of the other to a high degree of accuracy.

Cumulstive Frequencies of 300 mb. Components:

An analysis of the cumulative frequency curves is presented in Fig. IV,
where the component values corresponding to selected percentiles are shown.
Velues within the ranges 1% to 25% and 75% to 99% may be obtained by linear
interpolation on srithmetical probablility paper.

A comparison with the corresponding curves for the 700 and 500 mb.
levels (Gillman and Rchan) shows the following points of interest:-

(1) The comparative 1% to 99% range for March and September at 300 mbs.
is less than at the lower levels.

(2) The greatest range is found in March at the 700 mb. level in
December at the 500 mb. level apd in November at the 300 mb. level.

(3) The smellest range is found at all levels in August.

While, as was remarked above, a considerable error in the values of the
high components; as measured by the templete method; would lead to only
an insignificant increase in the average component, it could have a marked
influence on the position of the 99% percentile level in the cumulative
fregquency diegrams. Components of 100 knote and above were found only
in the winter half year Qctober to March, inclusive. During these months,
therefore, a shift to the right of the 99% percentile level might be
expected, though this could be significant only for Hovember and January,
which account for twenty out of the thirty-one components of this magnitude
whizh were encountered.

Anelysis of 12-hour Changes in the Wind Component at the 300 mb. Level:

Figure V shows the percentiles of changes in the components between
the times of successive charts. The diagram is provided in corder to
supplement the information given by the standard devistion, which, alone,
does not provide a satisfactory measure of variation for all purposes -of
comparison.
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DIAGRAM SHOWINC PERCENTILES OF 300 MB COMPONENT

ON GC.C. TRACK BETWEEN SHANNON AND GANDER
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