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Abstract: In this paper reference is made to
Durst'!s statistical method of determining the
errors In forecasts, and those in winds found
by navigators, with some comparative figures
for Australian routes, '

An expression for the error in the found
wind 1s derlved also from the separate errors
of time, course, airspeed and position finding,
and largely confirms the statistical results,

It is - concluded that, in gereral, errors in
wind finding by the alr plot method are of the
same order as the errors in 24 hour forecasts,
and, for high speed aircraft over ocean routes,
are likely to exceed the forecast errors,

Results are given of winds found with our
alrcraft fitted with Distance Measuring Equipment, .

T. INTRODUCTION

There 1s.frequently a considerable difference
between winds forecast for a flight and those subsequent-
ly found by navigators, The errors in forecast winds
depend on the skill of the forecaster, but, beyond a
certain point, a very great increase in skill is required
to give a material increase in accuracy.  .In computations
of found winds, similarly, personal errors might be
appreciable in some cases, In this paper, however,
1t is assumed that fully experienced personnel. are
concerned, and no perscnal errors are involved due to
lack of skill, either in forecast preparation; or.in
the operation of navigation equipment,

: Durst(1954a) determined the errors in fore-
cast and in found winds statistically by finding -

(a) the error in the sstimate of the actual wind
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(b) the differencs. between forecast and actual winds.‘
" Using thls value and (a), the error in the forecast
S wind was obtainedoAfU -

(¢) the differencé between forecast and found winds,
The error in tre found wind was then determined from
a knowledge of thé forecast error, '

_ 2. ERRORS IN THE ESTIMATE OF ACTUAL WINDS
4 . \
/
' The actual wind is read off from an upper
1eve1 height contour-1sotach chart appropriate to the
time and height of the flight. In. order to ascertaln
the error due to chaft analysis in the estimate of the
actual winds, two independent estimates are made fram
separately drawn charts, The root mean square (T .meS.)
differenoe of ‘these estimates is then determined, (X).
"~ Durst showed (Appendix 1) that if the
errors of analysis werée random and the two estimators
were quite independent, the standard error of the
estimate would be FE?’.

vz

o ‘ However, since the same observatlonal
network was used in drawing the charts, this does- not
strictly apply, and errors would tend to be made in the
same sense, Durst assumed a correlation. coefficient
“between the errors of estimators of +0,75, . =

S : A restricted analysis (nine occasions)
over each of three Australian routes at 40,000 ft, gave
_the following values for the r.m.s. differences of two
“estimates, and for errors of estimate of the actual
wind., (Table I)e The estimates were those of mean
track winds over the route° :

”Table I, Errors of Estimate of Actual Winds.

’

Air Route " RoM.Se diff° Error of Estimate for
(40,000 fb.) (Kts.) R = +0.75 - (Kts) -
 Sydney-Auckland ,"‘ 12 1 17
| Sydney-Darwin : 10 i ] ‘;‘-14"
Sydney - Nandi : 10 4'- :‘.‘ ' ~i~‘i4
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The error In the assessment of actual wind
over the Comet route, London to Rome (40,000 ft) was
found by Durst to be 103 kts. using R = +0,75.

3o ERRORS IN FORECAST WINDS

Statistical investigations (Durst, 1954 b)
have shown that the standard errors 1n forecasts areé
related to the time interval between the time of flight
and the time when the observations on which the forecast 1s
based were made, Fig. 1 shows the rate at which error
increases with time 1if an doservation of wind 1s used as
a forecast of wind for various later times, It will be
noted that the standard error of a forecast for a time
12hours after the observation is about three-quarters that
of a.24=-hour forecast; the error of a 6~hour forecast 1s
about three-eights, - :

The errors in wind forecasts are also
related to the variability of the wind. This 1is a funda-
mental parameter of the atmosphere and has been charted
(Brock & others 1950)in the form of mean values and
standard vector deviatlions, according to season and helght,
throughout the world, Thus in areas and at levels where
the variability or standard deviation has a large value,
errors in wind forecasts are correspondingly large,
because the forecaster encounters a greater spread of error.
Further, the variability of wind when consldered at a
point, or over a short route, 1s greater than the average
variation over a long route, Fig. 1 shows errors for the
route wind over a 1200 mile route, in contrast with
those at a polnt, Thus errors in forecasts for local
flying will be greater than those for long dilstance fligttse.

The error in forecasts over selected Austra=-
1ian air-routes was obtained by preparing forecasts of
mean track winds from 200 mb, charts for a perlod 24 hours
later., The actual winds were taken from the 200 m.b.
chart drawn at the later time. R.M,S. differences of _
forecast and actual winds are set out in Table II, together
W th forecast wind errors, The latter were calculated
from the variance relation, assuming no correlation exlsted
between errors made in forecasts and those made in actual
wind estimation, The errors should have been independent,
since no knowledge of the forecast was available to the
estimator of actual winds,
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Table IT. Ertors iii Forecast Winds ™~ "
T V.S, DIfT.(Kts) |Error In | Error in 24 Hr.
‘Route ...: . |Forecast and . Actual Forecast-

: Actual . . | (Tableé"TI) (Kts.).
Sydney-Auckland. 22 . 17| aa
Sydney-Nendl - | . 17 14 i 10
Sydney-Darwin . 17 14 10

Durst used forecasts prepered 12 hours prior
to the time of flight and found the r.m.s, difference was
12.3 kts. Using his error in actual winds of 10z kts, he
obtained a forecast wind error of 6 kts., (This error 1is not
comparable with the forecast error in Teble II owling to
differences of foreécast period, standard vector deviation,
and probably, also, netwcrk density, although helght and
route distances were similar),

4, ERRORS IN FOUND WINDS

These may be found statistically, or, from
errors in navigation equipmente.

(a) Statistical Method

An analysis was made of a series. of forecast
and found winds pertaining to the operations of Canberra
aircraft at 40,000 ft. in August, 1953, The r.m.s.
difference between forecast and found winds over sixteen
zones of 600 n.mls, was 22 kts, If 11 kts, 1s taken as
the mean value of the forecast error (Table II) the egror
in_the found wind, from the variance relation, is (22° -
11°)%, 1,04 19 kts. . . L

Durst, using a larger number of observations
over the 790 n., miles Comet route, found a r.m.s. difference
of 20 kts. between forecast and found winds, Taken in
conjunction with his forecast error of 6 kts, this also
indicated a found wind error of 19 kts.

The values of found wind error are comparable,
since in both cases, high speed aircraft are involved, .@ .
flying at 40,000 ft, over routes with rather inferior
position fixes,
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(b) From Errors in Navigation Equipment-

weo -oeco-Fngoeupacies.-of .navigation.are reflected in an
inaccuracy ‘of. the found wind, The navigator, in most cases,
ob:ains a.wind by the 'air-plot method, " ' This involves 7
departing fram a certain position, flying on a course at a

. certatn speed for a certain.time and locating.position by
another fix., The wind is then determined by the difference
between that fix and the position at which he would expect
o have-arrived. - - The .error.in. the wind depends on the errors

made inﬁ}qcation of phese peints.,

" Bats is shown diagremabieally iR Fle. 2

Fig. 2  Wind-finding by aip-plot. method:
~ (See text for explanation).

" where, Dy = displeacement relative to the alp in time 't!

g = e MM gmound " "

ve= . " due to winq. '

and;;o,'Y are'éosition'fixes;
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‘ The wind veotor V = (DG - DA ) )/t and the errors in
the wind found in this manner depend on the errors in
determination of X and Y; assuming no error at O, The
points X and Y willbe: somewhere in areas of the shape shown
in Figs. 3 a) and S(b) reSpectively.

Fige 3(a) :.: . Fig. 3(0)
Fig. 3(a)- Error in p031t10n 'XY due to oourse and airspeed
erTOors.. ; .

{0 iBrror 'in position 'Y' when determined by D.M.E,
) intersections. ’
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It will be noted that formx = 90°, ¢ and' d beoome K
minima (J s), and the error in the position ¥ under those
conditions 1Q*42 & s,



Apprbkimafaly;.thé error in‘V£ 1s ;ﬂ'

S (ve) = ((0.01852.va.0)%+ (Jva.t)2 42 ( Js )BE

v dV=VIt + ((0.018 3o Va)2 + (97, )2 42 53 sf)
Se APPLICATION TO NAVICATIONAL FACILITIES
. . 'The expressiocn forf3 V can be applled .to. the
estimates made by Anderscen (1951) for the standard errors
in navigatiocnal equipment., ' These may be summarised under
headings of good, moderate or poor navigating conditlons,
(Table III). ' '
Table III.  Standard Errors of Navigetional Facilitles.
Classi- Time | Alrspeed Course Position .. .
fication (Secs) (%) (deg.) | (Circular rn.mls,.)
Moderate 7L oL 2 4w 5.
Poor L 15 SR s IRk I vﬁ;'s 10

The .headlng -!good! renresents a state when all
facilities are working perfectly, instruments in first-
"~ ¢lass order and most carefully used.. “tmoderate! applles
more to normal operating conditions, and 'poor'! to'an
unsatisfactory conditicn, . For positlion fixing,.an.error
of helf a mile 1s assumed as the accuracy obtainable with
D.M.E. aids under favqurable .circumstances, with errors of
5 and 10 miles veins applicable to fixes obtalned, for
example by radlo compass bearlings and long range Loran
fixes respectively, '

Combinations of these érrors would normally
be expected, l.e., moderate errors in airspeed and course
may be combined with.small errors in time and large errors
in position, :

f-Uéiﬁg fhéﬁstandardfeffbr values in the .
derived expression for the standard vector error in the
found wind, = . = 7 T R - :

M-
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Vo=Vg o+ ((0.018 TP (v, )2+2 (507 )%
t t

values of V may be obtalned from Flgs 5 'to 8, which
show graphically the contributions of the terms for time,
course, airspeed and fixing errors for different categories
of these errors. It will be noted that the time error
term 'Vt is in general of very small account

t

In Table IV, the separate instrumental errors
have been combined to obtain the found wind error (V ) for
different airspeeds and fixing intervals. The time error
has been neglected.

Table IV. Standard Vector Errors in Found Winds -
(Derived from errors in navigation facilities)

Interval | . Navi ating‘Conditions,

Aircraft - Between Fixes '
T.4.5. (Kts) (runs) Good Mgéerate Poor
| 150- . 30 . 3% 15% 30

- 60 3 9 18
300 30 16 19 3
' - 60 6 144 - 2%
RS I e 23% iz
_ 60 9 20° 35

Examples of Use

(a) Aircraft T.A.S. 150 Kts.
Moderate Navigating Conditions
Fixes at half-hour intervals

Wind speed 30 kts. (¥ = 60)
| t 2 2 |2
V- up o+ (0.018 V24 (v, )2 +2 (s )?)
-t : ' : i (t ) )
) ¢. : L \
Fig.5 Fig.6 Fig.7 Fig.8

e

124 ()2 + (32 + 2 (102) 2
J12 + (239)%
15.5 Kts..
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(b) Alrcraft T.A,S. 450 Kts, . .
Moderate time, course and alrspeed errors, - -
Poor Fixes at hourly intervals,
Wind 90 Kts, ‘ S

Ve =19+ ((15)2+ (112)% + 2 (10)2)%

]

24 kts, .

6, COMPARISON OF FOUND WIND ERRORS

..~ . It has been shown that the error in the
found wind (taken as.an equivalent -track wind) for Canberra
and Comet aircraft over routes 600 to 800 miles was about
19 kts. . This may be compared with the -vector error ln -

Table IV -under .the. . speed category 450 kts. for mederate
conditions and hourly flxes, or, probably more accurately,
“with the conditions .of Example (b), where -the effect of = "~
poor fixes increased the error to 24 kts, This is equilv-

alent to an error alonz track of 24 or 17 kts. and

‘largely confirms the statistical result.

7. WIND FINDING BY ATRCRAFT EQUIPPED WITH D.M.E,

s : Examples (a) and (b) under Table IV serve
to indlcate the importance of accurate posltion flxing,
“particularly.whenwfixeswarewtaken‘&t-half-hourAintervals
or lesse. : '

A D.Co3 aircraft fitted with D,M.E, was
made available for a test flight on November 9th, 1955,
by courtesy Depte. Cilvil Aviation. The' flight csisted
of four legs as shown in Fig, 9 on each of which, helght,
course and alrspeed were maintalned as ‘steady as possible.
Each leg was flown for adout 30 minutes, and D,M.E., read-
ings were taken at ahout 8 min, intervals, fram Laverton
and Wonthazzl,. ‘Distances flown on each course were
1imited by the necessity of keeping withing 100 mls,
from both the D.M,E, stations, as the alrcraft equipment
was calibrated only to a range of 100 mls. Positions
~ were located from.the intersectlons of the arcs, using
the D.M.E, digtances from Laverton and Wonthaggl as radil,



fixes at the shorter intervals, as well as the wind computed

Fig.

Wonthaggi.-

.

9 Fixes obtained on Four-Leg Test Flight

(See text for

explanation)

Table V shows the found winds between consecutive

over the whole leg, where the interval was 20 to 30 mins.

Table V. Found Winds for Sections and Legs of Test Flight
Leg A.D. : - Leg H'L
_ (Course 0760 True) (Course _350° True)
Time Time
Section Inter- Wind Section | Inter- Wind
val val
(mins) (mins)
AB 3 - 240/35 H'I 7 225/35
BC 6% 235/50 I1I 10 1 280/35
CD 6 250/40 - J K 6 230/40
KL 8 230/30
AC 13 240/40 H'I 14 230/35
BD 124 240/45 . IL 14 230/35
AD 19 240/40 IL 31 240/35







