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A PROFILE OF THE JET STREAM, Oth AUGUST, 1053 |

by G. T. Rutherford

v

 Centra1‘MQtebrological Bureau, Melbourne .
- (Manvsaript received 10th November, 1954).

Abstract: An analysis is made of . 'in-flight!
LwInds, obtained at short intervals by a jet
‘alreraft flylng across the jet stream on the

- '9th Kugust, 1953,

, The:extreﬂalyferratic'in-flight winds
are considered to arise from . .. ,

(a) poor position fi& ae%eﬁmiﬁhﬁibn_

(b) & combination of unduly short time R
interval between fixes, and high - o
true air speed (T.A.S.S of observing
aircraft, . ,

*'Position fixes are critically examlned and
“those considered unreliable are re jected,,
Winds which are finally selected to
~establish a jet stream profile of limited
-~ detall are ‘thbse computed, as far as
possible, between good fixes over:an
optimum time interval of sgbout 15 minutes, .

A study of the sources of ecrror ,
involved in position'fixing indicates Ly
that the requirement, for . a detatled S

~‘profile, of accurate winds at short .
““time 'intervals, cannot be obtained L
at present by radlo compass and dlstance ‘
megsuring equipment, Reference is made
to jet profile studies overseas, in
which a vertical camera is used to obtain Lo

location, o _ : :

1. INTRODUCTION |

i

e . The increasihg:ﬂhmber of high altitude fiights
has called for intensive study of the jet stream. 4
jet stream may be defined as a very fast moving stream
of air at 1evelibetw¢en 20,000 ft, and the tropopau%e.
|
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1ts high velocity extends for.a considerable distance - -
downwind, but is confined to g comparatively narrow channel,
with a sharp decrease laterally across the jet., A jet
stream profile is intended to be a detailed picture of the
wind velocity field at a constant height across the jet,

The importance of this knowledge for aviation purposes 1is
clear, since .thc small lateral extent of the jet can mean
that the presence of the stream may be quite overlooked by
the forecaster or, 'on the other hand, exaguerated, depending
on whether or not wind reports aré availsble from within the
jet, It has been stated (Durst, 1949) that the dilspersal
of Allied aircraft during a certain mass raid on Berlin,

was due to an unforseen jet strecam., In addition intense
clear alr turbulence may be expected in the strong shear

on the jet stream borders, In England, mean values have
been obtained (Johnson, 1953) for the horizontal shear for
different months, and values on the cold or poleward side
have been larger than on the warm side., . The opposite
result has, however, been noted by some--investigators in
the United States, S :

In the study described in this paper,
in-flight winds from a Canberra Jet alrcraft were used,
The profile so obtained lay entirely on the warm sideaf
the jet agxis, T : :

: The 200 mb, 0500 G ,M,T, Chart on 9th
liugust, 1953 indicated a jet stream in the vicinity of
latitude 3593 over Victoria with a maximun velocity of the
order of 160 kt. on isotach analysis., On this dats there
were no observed winds near the jet axis by which this
value could be directly confirmed. On the preceding .day
(8th fugust) Melbourne, eloésto the jet axis, repérted
162 kt. at thls level, and on the 10th fugust, Afelalde
reported 161 kt, These vulues to some degree 'supported
the isotach analysis of a 160 kt, maximum for the 9th,

On this date a flight by an R.ALA.F,
Canberra aircraft took place from Laverton to Mackay and
return between 0030 and 0615 GM,T, at 42000 ft,. northbound
.and 45000 ft southbound. The flight was on a' dog-leg
course with alterations of heading on both legs at about
30-38, Winds which were from a general westerly direction
were obtained at frequent intervals, and it was hoped that
the close network so obtained would give a detalled picture
of the jet stream profile at these levels, .
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2.‘ SELECTION OF POSITION FIYES FOR PROFILE WINDS

Examination of the inflight winﬂs showed that
they were obtained over intervals of time varying from 8
to 32 minutes, and were.most erratic, For example, wind
velocities of 67 kt,, 262 kt, 80 kt, and nil were obtalned
In four observations between 01207 and 01567 the average
time interval between positions being 9 minutes. In the
Mackay area, nlso, computed winds over the last leg of
the northern run (1909/30 kt,) differed sharply from that
obtalned over the same section on the southbound trip.

(270°/50 kt.). Anomalles of this kind appeared to be

due largely to unavoidable errors in position fixing,
~and rejection of particular fixes was considered Justified
in some cases,

Fixes were determined in this flight by
using Radio- compass (ReC.) besrings and Distance Measuring
Equipment (D.M.E.) and north of Brisbane, where D.M.E,
was unavailable, radio compass bearings only wore used,

Wxamination ohowed that there were two main
factors oontributing to unreliable pos1tion fixes

(a) Poor aligrment of aircraft, D.M,E, station, and
Radio Station used for bearings. Conversely the
error in position fixing was a minimum when the
distance was measured from a D.M.E. station in
line with the alrcraft and the Radio Station.
(See Figs. 1u: and 1b).

(b) GExcessive distance of aircraft from the Radio
Station used for bearings., The possible error
in a position fix will be shown later to vary
from I 3 miles at 80 miles distént to
+ 25 miles at 300 miles,
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Fige 1, Diagrams indicating relative positions of DML.E.
station, Radio Station and aircraft for (a) minimum

and (b) maximum error, he position of the aircraft
1s srmewhere within the shaded area A B.

Assuming good alingment was achieved,
the error due to the D.M.E. was negligible if the Radio Com-
pass error was small. Using the criteria of (&) and (b)
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therefore, g provisional classificati'on of position fixes
wes mace by rejecting those which had been obtained under

the least favourable navigating conditions, J

: - Changes of height, true air speed (T 4.S,)
and:’course or’'heading had also occurred between cortain
fixes, As Indicated in an oversesas investigation (Hurst,
1952) such changes are undesirable, Changes of 'height
and course are factors which affect the displacement of
the alrcraft relative to the ground, and an inconstant
T.A.S. introduces uncertainty into the displacement of the
alrcraft relative to.theuair3eand~consequently iInto the
wind vector, Positidn'fixes_involving thes changes
were therefore glso provisionally- rejected. |

The time interval betl een consecutive
position fixes was an Important coasideration, Winds
calculated over a small time interval give large errors
in velocity, particularly so in the case of high speed
-+ alreraft, On 'the other hand, use of too lonz & periogd, .
while giving a more accuragte msan ‘wing ‘value, would mask the
variation in wing profile to too great an extent, As g
compromlse, 15 to 20 minute intervals werc taken, Selection
of position fixes at these intervals at once imposed a

wind values and. thercfore severely, limited the detail of
the proposed profile, However, by combining the available
winds from both south and northbound flights, a better .
network was anticipated, ’ :

3. - ESTIMATION OF ERRORS

. AMfter elimination of the most doubtful position
fixes on grounds already considered, It was necessary to
examine the extent to which error might have"occurred'in
fixes obtained under the best conditions of navigation,
ioe. . e ’ ' ’ i '

(2) Radio station.within 80 milos of alrcraft

(b) Good alignment of Radio Station, D,M,E. Station,
and aircraft, . = S B

(c) No changes of height, course or TeAeSe between

times at which position fixes were obtained,
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Possible errors involved are:

(a) Errors in Radio compas bearings: Up to a distance of
80 nautical miles (taken as Class A bearirg) the error
~is £ 2° (From 80 to 150 nautical miles (Class B) the
error 1s + 3 -and from.150.to 300 nautical miles ((lass

C) + 49) ~
S-n;miqd o ~———
".\
Fig., 2.
Hence the error in each position fix is (Fig.2) approximately
+ 80 (2 2. ) nimi. or + 3 nemi., (The error for Class B

and Class C positions is approximately + 7 and + 23 n, mi,
respectivell). ~ '

(b) Error in use of D.M,E, up to 100 n, mi. + 2 mi.
The error was negligible for cases of good alignment,
.and providling the distance from the radio station

o

uscd for bearings was small, .

(¢c) Personal error involved in use of the computer, or
in plotting bearings and distances on the navigation
chart. 1In the chart for this flight (Scale 10 long-
itude per inch) the error in reading bearings was
cestimated at + 0.5 deg. and in reading distances
+ 1 n, mi, The combined error under this heading
for distances up to 100 n, mi from a Radio Station
‘was estimated as 2 n.mi. in each fix, :

Certain other largely wvicorrectable sources
of error were involved in the use of radio aids for navi-
gation, e.g. bearings taken from coastal radio stations may
underge deformation over adjacent ranges or suffer other
interference, The errors quoted were those as specified
by Amalgamated Wireless of Australia. - ‘ ‘

The meximum possible error from (a) and
(¢c) in cach & class position fix was considered to be of
the order of 5 neni,,and the maximum error in deterimation -
of any distance AB between two A class fixes was 10 n.miles,
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. Polnts A and B are positions fixed with an uncertain~"
—2y.regarding. thelr .precise location as-inditated by -
- the shaded areas. (circles with five n. mi. radius). - ‘
As. C 1s-the vector representing the movement of the
.alreraft relative..to. the..alre-.-(This-alsd has errors - -
which are not considered here - air speed corrections,
accuracy of " aircraft compass),” AB is the vector rep= . -
.resenting the actual movement oﬂ{$he‘aireraft~relative““%“
to the ground. The true wind wector is indica ed by
- CB. Deecause of the uncertainty regarding position
- _A_.there,willb e .an error-.in point o I} ndic ated 'b‘y*%'the-“"""'-'---;'“'“'
shaded circle (also of radius 5 n.ule) The computed
cwind will thérefore be represcnted. by a line joln- . ]
ing any point in areéa C to any point in area B, so
that the extreme limits of the vector magnitude of
the computed wind are Ck Bl and Co Bg oach having an
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error in mggnitude of 10 n, mi, div1ded by the time.taken for
the aircraft to travel from A to B.

Since the time interval chosen was 20
minutes the computed wind therefore contained a maximum
possible evrror of + 30 kt. These errors, as already
indicatszd, are-applicable to winds obtained under the
most favourable conditions of Radio Compass and D.ii.E, alds,
The possible error of + 30 kts could have been considerably
reduced by choosling fixes at a g"eator time interval, e.8.
to + 10 kts. for hourly position fixes, but the consequent
reduction of the wind velocity network to mean values at
gbout 400 mile intervals would completely mask the disired
detail of the jet stream profiles.

WINDS FOR PROFILE

4, SELECTION OF

The winds corresponding to the best
position fixes were taken as far as possible where they
occurred et about 15 or 20 minute Intervals on north and
southbound legs of the flight. However these fell short
of the number required for.a recasonable network and it was
necessary to use some wind values taken between positlion
fixes whose identification value was 1listed as (Class B,
This occurred over the flight region north of DBrilsbane
where no D,M,E, equipment was available. In these cases,
rather than use a 20 minute reading, the selected winds
were taken over a 30 minute interval where a smaller

possible error was 1involved as shown below, (Table I),
TABLE I

iClass i Max,BError Max ,Error
of Piz :Single Between MaxImum

le ' | . two fixes wind error
A; at 20 [ S S '
min, inter- \*(3+2) To n.mi._, t 30 xts.
vala - ln.mi. ]
min, inter- 1= (7 2) 18 n,mi. | *'54 kts. .
vals '*n.mi . S
B; at—80 . - . T o B
vals, L n.mi,. : -

' Table IT shows the wind velocities takon
from best.position fixes at approximately 20 minute intarvals.

‘ .
P I
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TABLE II

NCRTHBOUND
Flight Time Class | Wind — Zssumed Lat. Range’
Period (mins)|of Fix| Kts, | Ervcr . degrees
(GM.T.) Kts, 4 L
0055-0113| 18 |a-a  |255/120| ¥ 20 34k - 323
0113-0128| 15 A-B - |245/108| * 25 33 - 51?‘
0128-0143| 15 B-A 255/88 | * 20 293 - 51%
0156-0215| 19 A-n 1260/47 | T 20 . 28% - 263!
0215-0231| 16 A-B ) los5/40 | + 25 26 - 24g
'0231-0246] 15 B-B ) | . 24% = 225
. I
. : |
" SOUTHE GUND f
Flight Time Class Wind Assumed |Lat, Range °~
Period (mins) | of #ix|{ Kts, Error degrees
V(GoMnT-) ' ktS. ;
0448-0510] 22 A=A |290/130 | It 25 543 - 32%
C430-0448] 18 A-p  |260/85 | + 25 525 - 313
0411-0430, 19 A-j  127C/85 + 2C 3ls - 293
0352-0411] 19 A-B  [290/63 F 20 29% - 27
0339-0352] 13 B-B )|, 27 - 25
0322-0339] 17 B-p ) |270/55 25 25 =~ 24
03Cl-032% 21 | B-B [270/50 + 25 24 - 21
5. RESULTS :

Using the wind velocities from Table 11,
Separate velocity profiles were plotted for north gnd
southbound. flights (fig 4). The mean profile which;
is shown in fig, 5, using the mld~points of the latitude
distance intervals, should be representative of the wind
profile at'the mean flying level (43,5C0 ft.) since ho
major change in the jet stream Intensity was likely .
during the 4 nour flight period, The only reported wind
from. the ground stations-on-thé 0400 G Ty network was
260° 74 kt. at 42000 ft. from Coffs Harbour (2600 93 kt,
at 40000 ft.) which agreed within limits of error with the
profile reading at 300 3, ' : Lo )
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The dotted curve on flg. 5 represents the profile
taken from the 200 mb, chart at 0500 G,M,T, on the date of
the flight, the greater velocities at hlgher latitudes
belng contributed to by the proximity of the isotach profile
to the jet maximum about the 225 mb, level,

Isotach gnalysis showed the¢ Jet maximum on the 200
- mb. chart to be located at about 35°S., and the flight appears
. therefore to have taken place on the warm side of the jet
- axis, In view of orrors inhercnt in the velocity determin-
+ ation, no great significance can be attached to cstimations
. of horlzontal wind shear beyond noting that the mean flight
. proflle gave a maximum value of horlzontal shear of 25 knots
per 100 miles,

The maximum possibln »rors indicated under Table

I can be assumed to be cxceed/ % only rare occasions, and

© if these figures can be assumbd to be three times the

» standard error, the probable error becomcs 7 knots for the

© wind between Class A position fixes at 20 min, intervals,

. The mean profile in Fig,., 5 indicates that the increcase in

. speed was almost lincar over the range of latitude where
“most religble fixes were obtained, i.e..south of 28° S, The
. standard error bascd on this assumption was 5 ‘knots, Sinceg
. this value is less than the combined probable error of 7

" knots, it might be concluded that possible errors due to the

various factors considered have been somewhat overemphasized.

. Whille this may have occurred to some degrce, the main reason

- was because the lower value (5 knots) was obtained from a

curve, which was g mcan of the two profiles = northbound and

.~ Southbound. On the separate profiles, there was a lower
degree of correlation between wind speed and latitude dist~

~ ance and consequently a higher standard crror. :

6. CONCLUSIONS

The method of wind dctermintion was too inaccurate
to permit a detailed analysis of the jet stream profile. '
The inaccuracy was due primarily to -

(2a) the high T.A.S, of the aircraft, 445 kts.

‘ Winds computed over short time -intervals
involved a large possible error, while
longer time intervals masked the desired
result. : .

(b) 1inadequate position identification, Although
slightly better results might be expected if
wind observations werc available from an air-
craft flying at uniform height, speed and






