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2. Summary of Apenda Item 2: Review of developments regarding the application
of reduced vertical seperation to aircraft opcrgting
above FL 290 in the NAT Region

2.1 Introduction

2.1.1 A proposal for a mathematical approach to estimating the collision
risk due to loss of vertical separation, for the case of 1000 feet vertical

' separation over the North Atlantic Ocean, was given in a Working Paper by the
United Kingdom. The mathematical model was derived along the same lines as that
for loss of lateral separation agreed at the Fourth Meeting of the Group.

Many of the parameters were also taken from the data used at that meeting.
Attention was concentrated on a system in which the 1000 feet standard would be
applied only to same-direction aircraft,; aircraft flying in opposite direction
were still required to be separated by 2000 feet. The Group accepted the
mathematical model and the values given for a number of parameters in the equation.
These are given in Annendix«%zﬁoA general discussion on the interpretation of the
equation and of its different parameters is given in Appendix 2-B. It was found
that there were differences of opinion within the Group on the values which should
be accorded to some of the parameters. These parameters were:

(&) The estimate for the probability of vertical overlap PZ(lOOO).

(b) The estimate for the probability of lateral overlap Py(O).

(¢) The value of the relative lateral speed|¥|e

[d) Independence of occupancyvgy.
2.1.2 The introduction of vertical separation of 1000 feet over the North
Atlantic would cause ATC problems in the transition areas. This problem is
discussed in some detail under Agenda Item 3 (para. 3.8 ) and is believed to be

more critical in the context of a reduction in vertical separation than in the
composite case.

2.1.3 It should be noted that the value applied to the many parameters could
only be applied to the North Atlantic case.

2.2 The estimate for the probability of vertical overlap P (1000)

2.2.1 The value of this parameter must in principle be determined from a
distribution of the vertical distance between proximate aircraft. This distribu-
tion can be obtained in two ways:

(a) By actually measuring the vertical distances “to preximate
aircraft, and comparing the difference with the difterence im
pressure altitude assigned to the aircraft by ATC.

(b) By determining the vertical deviations of aircraft from their
assigned flight levels and convolving the distribution Eo
obtained with a similar distribution for the aircraft flying
at flight levels 1000 feet away.

2.2.161 The Group agreed that data of the first type cam be ebtaimed Trom
measurements by ground based missile tracking radars or by radio or radar
altimeters in the aircraft. Then the difference in pressure altitude can,
in good approximation, be determined from the difference in geometric height of
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pairs of aircraft which were proximate horizontally and vertically. This
difference in pressure altitude could then be compared to the difference in
flight level assigned to the aircraft by ATC. The Group noted that a small
number of such measurements had been made in the past (ref. 1). The number of
these measurements was, however, too small for estimating P_(1000) and, moreover,
no comparison with the difference in assigned flight levels“had been made.

2:1.2 " Direct measurements of the second type could be made by using
measurements from pacer aircraft, and comparing the measured pressure altitudes
to the flight levels assigned by ATC.

2e20.103 The Group agreed that it is desirable that such measurements should
be made in the future. It noted, however, that the extremely high cost of such
measurements and of their analysis would make it unlikely that sufficient data
could be obtained by such measurements to define the tail of the distribution.

It decided, therefore, that the only possible approach to obtaining a distribution
of the altitude errors would be to use data on several types of altitude errors
and to obtain the total distribution by convolving the distributions of these
different types of error. It found that the altitude errors could conveniently

be broken fown into 4 groups which are discussed in some detail in Appendix 2-A,
namely:

§

random altimeter errors

flight technical errors _

systematic altitude errors, excluding static pressure errors
~ static pressure calibration errors

{

i

Note s -~ This latter quantity has been defined as the static pressure error,
corrected for those corrections which are applied automatically in
the altimetry system or as a card correction by the pilots. In the
calculations it has been assumed that these corrections are always

applied.

26262 Unlike the case of lateral separation discussed at the Fourth
Meeting of the Group, there are very few large errors (over 500 feet) in the data
available. Collisions of aircraft nominally separated by 1000 feet can only occur
if one of the aircraft has an error of more than 500 feet. Also some of the data
have been derived from a non-representative sample of operators and aircraft types
in that certain types of civil transport, military and general aviation aircraft
could not be included at this time. The confidence level of any distribution
function obtained from these data will therefore be low, even if apparently very
cautious assumptions were made on tail shapes and tail areas of the distribution.

2.203 It was found that the data on the first 3 groups of altitude errors
indicated that the probability of gross errors attributable to these causes was
very low. These data are discussed in Appendix 2=A. The Group noted that even
relatively large changes in the distributions of these effects would hardly
influence the estimated value of the total collision risk.

2.2.k For the determination of the distribution of the static pressure

error only very few measurements are available. In total the results of only

90 trailing-cone measurements have been used in the calculations. These showed

no static pressure errors larger than 300 feet. The Group discussed several methods
of deriving a cautious estimate for the distribution function from these data, the
most cautious of which was based on an appxoach based on the following assumptions:

- all static pressure errors will persist from the moment they
occurred first until the end of the service life of the aireraft
without being detected unless the aircraft is flight-calibrated.
Such errors can have been caused by some misalignment during
manufacture or by later damage.




- the distribution has a level tail

- the level tail will extend to 1200 feet; this is the level tail
which gives the largest value of the collision risk for a glven
tail area

- no aircraft which was tested by trailing cones has ever previously
had a static pressure error larger than 300 feet which persisted

for any significant time

2.2.401 These assumptions determine the tail shape and provide a basis
for a cautious method for estimating the tail area. This method has been
described in Appendix 2=AsThe collision risk calculated on the basis of these
assumptions is very much larger than the target levels of safety agreed by the
Group during its Second Meeting.In Appendix 2-A it is shown, however, that this
tail area could be reduced if the static pressure errors of all aircraft crossing
the North Atlantic should be periodically checked. Figures 2.2a and 2.2b show
the collision risks for same-direction traffic as a function of the period
between recalibrations. If the confidence level obtained from the Monte-Carlo
process described in Appendix 2-A should be 90%, then the lower target level of
safety would be attained if the period between recalibrations was less than

one year. For the higher target level this would be about 1 1/2 years.

24265 In order to show how large the influence is of the assumptions

of tail shape, two other calculations were made. In one it was assumed that all
static pressure errors larger than 800 feet were detected within so few flying
hours, that this effect on the collision risk could be neglected. In the other
calculation there were no tails added at all to the distribution derived frem

the trailing-cone measurements. The results are shown in figures 2. and 2.5.

It will be seen that, for the 90% confidence level according to Appendix 2-A, the
period between recalibration will be between 2-1/2 to 5 years fer the former case
and that the collision risk is well below the lower target level even if no
recalibrations of the static pressure error are made in the latter case.
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2.2.6 It is possible to use well established aerodynamic knowledge

to help resolve the problem of possible large static errors and to devise a method
of calculating the possible effect of static errors on Pz (l000) based on engineering
argunents. Static source errors depsnd on the external aerodynamics of the aero-
plane concerned. They depend in a not too sensitive way on the shape and alignment
of the forward fuselage and wing surface which are controlled in modern productien
plants to quite close tolerances. They also depend in a much more sensitive way on
defects and irregularities in the surface of the aircraft in close proximity to the
static port, both forward and aft.

2.2.6.1 The manufacturers have a great deal of factual data on these local
surface effects based on wind-tunnel data, aerodynamic theory and flight test.

These establish that static source errors arising from local defects depend on

the nature of the defect and on the ratio of its size to the distance of the defect
from the static source. Based on these aerodynamic data the manufacturers have
established tolerances for the production standards of the surface in the vicinity
of the static ports, and these standards in turn ensure that the variation between
the static source error in individual aircraft as they leave the manufacturer's
plant are within acceptable limits. The Douglas Aircraft Company for example makes
the following statement:

"The position error of DC-8 aircraft which meet the established
production level of aerodynamic cleanness will meet the established
position error within + 250 feet with & very high probability."

This claim has been substantiated without exception so far by flight calibrations
made by the airlines using trailing cones.

2.2.6.2 This leaves the question of whether serious changes in calibration
can arise in service and remain undetected for long psriods of time. Apart from
very temporary effects due to ice accumulations, such changes in calibration can
only arise from in-service damage or maladjustment to the area of the fuselage in
the vicinity of the ports. However, to cause large errors of the magnitude of
800 to 1 200 feet the damage would have to be quite substantial and immediately
evident to the flight crew in its pre~flight inspection or to ground staff. For
example, misalignment of the cargo door in the DC-8 is one possible source of
static calibration error on that aircraft since the door is only roughly 20 inches
from the static vents. However, to generate a static error of 8)0 feet, the door
would have to be out of alignment by about two inches. Equally, sharp edged skin
misalignment five inches from the static ports would need to be roughly one inch
deep, or high, to generate an 800-feet error. Moreover, since the crew's
instruments are connected into a line which cross-connects symmetrical static ports
on both sides of the aircraft, the errors seen by the instruments would only be
roughly half that generated by the defect. Thus an error seen by the instruments
of LOO feet would be assoclated with defects in the order of one or two inches in
magnitude.
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2.2.6.3 S8ince the effect of dafects of a given type on static errors basically
depends on the ratio of the total depth of the defect to the distance away from the
static port, it ias of course possible that much smaller defects than those cited above
could have similar effects if they are sufficiently close to the static vent itself.
Thus a skin lap defect 1/10 inch in height only 1/2 inch from the port would have
approximately the same eflfect as the example cited, and even smaller defects much
closer to the port could have similar effects, Although these very small defects
very close to the ports are much less likely to be plcked up by visual inspection,
except during planned aircraft maintenance checks, protection against this type of
large static source error is given by the fact that such a defect, by definition,

has to be extremely close to one of the static ports and therefore must be remote
from the other static port. Thereforesthis type of defect is immediately shown up
in a marked difference between the pilot and copllot instrument readinge.

2,2.6.0 It was therefore suppgested that in addition to the calculations set

out in Appendix 2-A.3,14,(1000) should also be recnlculated on the basis that defects of
the magnitude cited above would be detected and rectified within a matter of a few
flying hours and that defects of smaller magnitude would be rectified perhaps over

& long period of {lying hours. It was therefore apgreed that as a supplementary
calculation to the calculations already presented, P (std) and the consequent

values of N should also be calculated on the basis”that errors of + 870 feet would

be detected”dnd rectified on the first return to a main base - say within 15 hours

of occurrence; errors of + hO) feet would be detected and rectified within one

month, say 300 hours flying; and that errors of the magnitude inherent in produwtion
aircraft + 250 ft. would remain undeteccted until trsiline cone calibration was
carried out. The Royal Aircraft istablishment (RAL) of the UK was requested to
develop a distribution of error and duration before rectificution based on these
fruidelines.

2.2.64.5 In addition to the safeguards against persistent large errors in

static calilbration which are given by simple visual inspection of the static port

area, a number of other factors were diccussed which would enable the flight crew or
the airline, from its analysis of flight records, to become aware of the existence

of a large error. Details of these are pgiven in Appendix 2-A.6 and are briefly
enumerated below:

i) Errors in the static source affect not only the altimeter but
also the airspeed indicator and lach meter. Frrors in static
source therefore lead to erroneous indicated HMach numbers which
in significant cases will ghow up in markedly excessive fuel
flow or, on some occasions, in unusual handling properties.

11) The differences in pilot's and copilotfs indications will in
some cases highlight a defect affecting one system more than
the other.

iii) Pitch attitude - in extreme cases errors in apparent airspeed
and Mach number - will reflect in a detectable discrepancy in
the pitch attitude.

2.2.b,6 A number of other possible indications which might lead to the
detection of static errors were also mentioned, such as instrument fluctuations, un-
usual behaviour during take-off and landing, discrepancies in wind speed between
flight records and forecasts, pitch trim compensation, near misses, and so on.

While the Group agreed that these could on some occasions be useful indications,
they were not regarded as of sufficient significance to materially affect the issue.
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26l The estimate for the probasbility of lateral overlap P (0O)
Y

2.3.1 The estimate of P_(0) given in Appendix 2-A is oased on the track-keeping
accuracy during the 1967-68 data” collection. The Group recognized that an incresse
in track-keeping accuracy would increase the collision risk due to loss of vertical

- separation, because there was an increased probability that aircraft would collide
if vertical separation should be lost. It was recognized that there might be a
large increase in track-keeping accuracy in the near future, especially if inertial
navigation systems come into more general use. It seems probabl _that this increase
in track keeping accuracy would be accompanied by a decrease in ?& ; which would
counteract the increase in collisinn risk in some measure. The Group decided that
it could not at the present time estimate a value of P (0), which would be represente-
ative of future track-keeping accuracy. It requested further studies on this
subject.

2.%.2 - In the transition regions, where the aircraft are using ground-based
navigation such as VOR/DME, the value of P _(0) could be appreciably higher than
for the oceanic regions. If any flights scparated vertically by 1 000 ft. should

be continued into these regions, thus the collision risk could increase considerably
although the period of time would be much shorter than that flown under oceanic
conditions,

2.4 Estimates of i;i(O)

2.4.1 A question was raised whether or not a possible "hunting'' mechanism
essociated primarily with non-Doppler navigation might raise |y|(0) appreciably
above the measured values. Such an assumed oscillatory behavior of an aircraft
which is on-course was envisaged as a relatively high-freguency correction about
track. From previous analysis on the effect of phugoid oscillations on IE] y it

is known that any such contribution to r§\ would be proportioned to the product of
the amplitude of such oscillations and their frequency. It was pointed out that

two possibilities could exist: (1) if the amplitudes are sufficiently small to
remain undetected in the smoothing during the processing of the radar measurements,
then their net effect to increase || would also be small, or (2) if sufficiently
large to influence !;} appreciably, then this contribution should be detectable by
the radar. From an examination of the results of the 1968 radar measurements, as
processed by RAE, it appears that case (2) has occurred. Both RAE curves showing a high
correlation for {?] with y (NAT/SPG Summary/b, papges 1-A-19 & 1-A-20) clearly indicate
an appreciable non-zero residual for ‘ﬁ‘ at y = 0. Measured values are 20 knots

and 15 knots at 60 minutes and 15 minutes respectively for longitudinal separation
between a pair of aircraft. By a slight extrapolation, this gives|§|(0) = 11 knots for zero
longitudinal separation, showing that this residual "hunting' process for aircraft
on=-track contributes, on the average, about 11 knots to i&!g This value has

already been included in all the NAT/SPG risk calculations., If this effect

had been negligible, then the RAE correlation curves would have passed through

the origin.




2=7

2.4,2 The question arose because of conflict which appeared to arise out of
what seemed like a large collision risk when one aircraft in a staggered system
passed between two other aircraft, one 1000 feet above and one 1000 feet helow and
what seemed like a low collision risk when one aircraft cruised permanently between
two other aircraft, one 1000 feet above and one 1000 feet below (this section).
Analysis shows that the mathematical wmodel represented in Appendix 2-A was roughly
equivalent to asserting that aircraft on the same track (but different flight levels)
crossed laterally (i.e., had lateral overlap) on the average less than twice per
ocean crossing. This appeared to conflict with pilet intuition and experience;

for example, pilots report that the aircraft below on the same track "wapders' left
and right with much higher frequency. This seems especially likely if one aircraft
has Doppler with computer coupled to the autopilot and the other does not. Howevers:

- Such apparent crossing of the observed aircraft may be an optical illusion
due to chanpe of heading of the aircraft above from which the observations
are made,

- If aircraft really wander laterally with amplitudes ol 20 miles or so
(consistent with the Py measured in 1967), such crossing frequency

cannot be increansed without an appropriate increase of ﬁyi beyond the
measured 20 knots, which appears to be correct.

- If aircraft really wander laterally with much smaller amplitudes, then
they would c¢ross a datum line much more often, but would usually not
overlap another aircraft at all.

In other words, subject to navigational accuracies moosured in the
1967-68 data collection, the apparent conflict mentioned at the beginning of
this section is not o genuine paradox. However, this analysis underlinces the point
(para. 2.3%) that if lateral navigation improves, vertical collision risk increases.

2.5 Independence of Occupiancy

The basic equation for determining collision risk involves multiplying
several faclors, which assumes (according to the theory of probability) stachastic
independence. Attention was drawn to the possibility that aireraft on adjacent
paths (horizontally or vertically) mighl not be introduced at random. While there
is no evidence of non-randomnens, nor even any theoretical reason to expect it, even
an undetectably small dependence could have larpe effects, changing the effective
value of the quantity Elx_ I, in either direction. It was decided that no

L)X
conclusion could be reached without detailed study, both analytical and operiational,

2.6 Methods for measuring static pressurc error
2.6.1 General
2.6.1,1 The Group briefly discussed its competency for discussion of this

subject, which is also on the agenda of the Airworthiness Committee. It was
found that the interests in investigating this same subject were different for
the two bodies. The Group decided that it was completely free to discuss the
subject as far as would be necessary in the accomplishment of its work programme,
but that problems and conclusions should be brought to the attention of the
Airworthiness Committee.

2.6,2 Trailing-cone method

2.6.2.1 A report (Ref. 2) analysed the results of all trailing cone-tests
available to the Group (90 tests on 82 different aircraft). The conclusions of this
report, which were provisional because of the smallness of the sample and because a
large part of the measurements were made by non-standard trailing-cone systems 4id not
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so far appear to support the claims of high accuracy which are made for this
method. One member suggested that it was possible that trailing-cone assemblies
made according to the PAMC issued by the Airworthiness Committee, but produced by
different manufacturers could give significantly different results. It was agreed
that this should be brought to the attention of the Airworthiness Committee.

2.6.2.2 Experts on this subject, who attended the meeting, stated that about
1000 trailing-cone tests had been made by a number of manufacturers. These in=-
cluded comparisons with other methods for measuring static pressure errors:

- tower method (at low altitude)

- trailing bombs

= radar method

~ kine-theodolite method
These experts stated that these results proved the high accuracy obtainable by
this method. The Group requested that as much as possible of this data should be

made available to its members. Further conclusions of the Group will only be made
after these new data have been analysed.

2.6.,% Performance check method

2.6.3.1 A report (Ref.3) showed results of performance-check analysis of twe
groups of 9 aircra’t of one type, operated by twe different airlines, and of two
groups of 9 gircraft of two different types operated by a third air.ine. It was
pointed out that this was much less than what had been requested by the Group
during its Third Meeting: ten types of aircraft operated by ten different
operators. This was mainly due to lack of response of the operators to make
available data for the evaluation programme. The Netherlands Member stated
that he could only continue work on this programme if the Group stated an
interest in the method and if more operators supplied data. In response, the
Group, concluded that continuation of these tests cannot be justified from the
point of view of effecting a reduction in vertical separation in the NAT Region.
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1.

2o

3

Conclusions

The Group concluded that there was at the present time insufficient
evidence for showing that a 1000 feet vertical separation standard
would be safe for application on the present track system over

the North Atlantice.

If further progress is to be made in this direction, the following
actions would be necessary:

= the aerodynamic effects of different types of damage or
misalignment on the static pressure error should be further
investigated.

- efforts should be made to establish a relation between the
magnitude of a static- pressure error and the period before
it was detected. This would be the basis for a more
realistic tail shape for the static pressure error.

- an estimate should be made of the central part of the
distribution of track-keeping errors in the mear future
in order to obtain a realistic estimate of Py(O).

- an effort should be made to obtain data on all errors which
are more representative of the total population of aircraft types
and operators flying across the North Atlantic.

States should be encouraged to make measurements of total altitude
error as described in para. 2.2.
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APPENDIX 2-A
1. THE COLLISTON RISK BQUATION

1.1 Collision risks are estimated from an équation similer to that
agreed by the group for the lateral case (equation (2) of Ref.1). The

corresponding equatlon for the vertical cese s

A

A 0 ;
Naz = 107 Py(O) . PZ(Std) . §§ Ez(same) [é&zi + g{i + g;i]

pre———

+ E_(opp) {% + % + gl—n‘ (1)

Z

1.2 Naz 18 the expected number of accidents per 10 million flying hours,
due to the failure of vertical separation. FEach of the terms on the right-hand

side of equation (1) is defined and discussed briefly below. One collision is

counted as two accidents.

1.3 Py(O): Probebillty of lateral overlap

1.3.1 Py(o) is the probability of lateral overlap (i.e. lateral
separation less than a wing-span) fcr a pair of aircraft assigned to the
same track. This quantity was calculated from a distribution of track-
keeping errors calculated at the 4th NAT/%PG Meeting as representing the
navigation performance over the ares. The distribution, calculated as
described in sections 1.4.3.1.2 and 1.4.3.1.3 of Ref.l is a weighted
average of distributlor . observed by different radars., From this

distribution the value Py(O) = 0,012 was calculated.

1.3.2 The fact that this value 1s 80 small shows that aircraft
derive considerable protection from "vertical collisions” becsuse of their
poor track~keeping ability in the NAT region. The risks would be larger
if navigation were more precise, Tte increasing use of Doppler would
increase the risk only slightly, bul the effects of introducing inertial
navigation may be very large, Some thought should be given to the beginning
and end of each track where alrcrafi will nevigate more accurately by the use of
VOR, elthough this will be outside the oceanic control area, It is possible

' pz(O) may have been slightly underestimated owing to radar measurement errorsg.
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1.5 Ez(aame): Seme direction vertical occupsncy

1.4.1 Ez(sama) is defined as the average mumber of same-direction
alreraft occupying segmente of length Z»ZS}E on the £light levels adjacemt %6
that of the typlecal sircraft, on the same track.

1.4.2 Hy(same) was repre ented by the probability distribution
shown in Fig.9 of Ref.2, teking the average daily flow as 280, in accordance
with traffic forecast for the perioc 1969-74,

1.4.3  For the simple calculations in section 2 the central estimate
(50% value) of 0,73 was used.

1.b.h Ez(same) would be increased if aircreft could be packed more
closely onto each path either by recucing the longltudinal separation
standard or by improving the accuracy of boundary ETAs thus enabling the
existing standard to be used more efficiently,

1.4.5 Ez(same) could be elther Increased or decreased as a result
of the increased number of flight levelg which would be made availeble by
reducing the vertical separation stendard. Appendix 2-A.6 shows that the
effect is likely to be small, within the range +20%.

1.4.6 No allowance was made for any increase in Ez(same) arising as
described in the preceding two paragraphe, Since the collision risk is
directly proportional to Ez(same) the results could be modified without
difficulty.

1.5 Ez(opp): Opposite direction l¢teral occupancy

1.5.1 Ez(opp) is defined as the average number of opposite-direction
alrcraft occupying segments of length ESX of the flight levels adjacent to
that of the typlcel ailrcraft, on the same track,

1,5.2 In section & Ez(opp) was represented by the 50% point
of the probability distribution shoin in Fig.10 of Ref.2, again teking the
forecast average daily flow as 280, thus caleculeting e value of 0.02,

1.5.3 In calculations where the 1000 £t standard is not epplied to
opposite-direction traffic, Ez(opp} is glven & valus of zero,
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1.6 st Along track eriterion of proximity

1.6.1  The collision risk dupends on the ratios E /S end these
ratlos ere almost independent of Sx' Thus Sx may be chosen almost

erbitrarily, Sx was taken as 120 NM,

1.7 _ESGT! Average relative speed

[EE—

IAVI 18 the average reletive along treck speed of a pair of samee
direction alrcraft colliding nose-to-tail, A velue of 13 knots was teken,

as agreed for the lateral case in parapgraph 1.4.2.4.2 of Ref. 1.

1.8 Pz(std): Probability of vert.cal overlap

Pz(sﬁd) is the probability of vertical overlap (vertical separation
less than alrcraft thickness) for o« pair of alrcraft assigned to adjacent
flight levels. The question of nunerical values for Pz(std) will be

discussed later in this paper.

1.9 Kx: Aircraft length

The collision risk equation :n Ref.3 used a parameter Ax which was
intended to represent the length of an average alrcraft, adjusted if
necessary to allow for fatal accidents caused by vortex penetration, The
evidence from results of flight tects conducted by the United States and
Canada did not revesl significant lLezards., Further investigation is
required before firm conclusions cen be reached., The NAT/S5PG apreed at its
hith Meeting to assume that the vortex hazard is negligible and take Ax
as equal to Kx the metallic lenglh of an average alreraft which is taken
as 0,025 NM (150 ft) as specified in paragraph 4.15.13%.1 of Ref.3.

1.10 |z|: Average relaiive vertic:l speed

fi' 18 the average relative vertical speed of two alrcraft about
to collide, %] is taken as 1 knot as specified in paragraph
boh,3,2.3 of Ref., 1.

1.11 [&f: Average relative across track speed

A value of [&f can be derited from Figs.1.16 and 1,17 of Ref.1,
taking a value appropriate to a palr of alrcraft which have not lost any
lateral separation., A value of 20 knots is taken as agreed1 in

paragraph 4.4.2,1 for the longitudinal case,

1.12 ﬂy: Average effective wing-span

Ay is taken as 0.025 NM (150 ft) as laid down in paragraph
4.15.13.1 of Ref. %,
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1.13 Kzs Average effective height ¢f an sircreft

Ag is taken as 0.0066 NM (LO ft) as laid down in paragraph
4,15.13.1 of Ref.3.

2 SAME-DIRECTION AND OPPOSITE-~-DIRECTION RISK

2.1 Substituting the numerical values above into equatiom (1):

az 50 0.05 * 505 ¥ 55T
480 20 1
+0.02 [0.025 * 5.05 " 0.0132]}'

P, (1340 + 980) (2)

N = 107 0.0012 P, 0.02 { 0.7% [ 3,2, 1 ]

=
n

)

1%

oz 2320 P, : (3)

2.2 From equation (2) it c¢an be soen that the 36 of flights which are
opposite-direction traffic contribute 429 of the total risk. Because it
seems unreasonable to allow a small proportion of the traffic to cause

such a high proportion of the risk, the study concentrated on a

system with 1000 ft separation applied only to same~-direction traffic, thus
effectively making Ez(opp) equal to zero. Substituting zero for Eé(opp)
in equation (1) and the numericel values listed for all the other

quantities in equation (1) it is found:

N, = 1840 Ez(same) Pz(std) . (4)

2.3 1In secticn loh a method has already been described of treating

Ez(snme) as a distributed variable which can be used for Monte Carlo
calculations bused on equation (4), In sections 3 and 4 the calculation
of IZ(Std) will bLe discuaned,

3, COMPONENTS OF HEIGHT-KEEPING EROR
5.1 Introduction

3.1.,1 The problem of estimat:.ng Pz(std) corresponds to that of
estimating Py(std) for the lateral case, which was solved oy direct
measurement of a large number of lateral deviations from track over the

North Atlantic Ocean,

3.1.2 The Group agreed that it is desirable that direct measurements of
height-keeping should be made in the future. It noted, however, that the
extremely high cost of such measurements and of their analysis would make it
unlikely that sufficient data could be obtained by such measurements to define
the tail of the distribution. It decided therefore, that the only possible

approach to obtaining a distribution of the altitude errors was as follows:
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%,1.3 By adopting the method of separately studyine a number
of effects which contribute to loss of vertical sepasratlon, one derives.

the distribution of the total effect by eppropriave statistical celecula-
tions (convolutions). This method hes the danger that some significant
effect may be underestimsted or even overlooked, In practice it is found, how-
ever, that the estimate for P (std) is dominated by the effects of

static callbration errors and changes 1n assumpltlons regarding other sources
of error have little effect.

3,1.4  The effects separately studied are:

(a) rendom instrument errors, 1.e. altitude errors which are not

common to the pilot®s and co-pllot?s altimetry systems in the same ailrcraft,

(b) flight technical errors, i.e. deviations from the assigned
altitude which are indicated Lo the pllots,

(c) systematic altitude errcrs, 1.e, all errors which are conmon
to the pilot's and co-pilot?s aysters, except the static pressure calibra-
tion error, Four different error ccmponents of this type are considered in

gections %.% to 3.0 of this appendix,

(@) the static pressure calibration error, i.e. the difference in
altitude equivalent to the statlic pressure error, after application of the

corrections automatically applled ir the altimeter systems,

On the first 2 types of error a relatively sbundant number of data is
available, The systematlic altitude errors include a number of effects which
for e large part can be proved to have a negligible effect on the collision
risk. For the static pressure calibration error a special method of
analysis 1s introduced, in which as much information-as possible is derived

from the relatlvely scarce data,

3,1.5 It must be pointed out that the errors in the different
groups are not entirely Independent, For instance a part of the static
pressure calibration error is included in the random instrument errors.

This will have a slightly cauticus effect on the estimate for PZ(O),

3.2 Random instrument errors

3,2,1 AE (random altimetry) is defined as the separation error due

to 81l those measuring errors which are not common to the pllot®s and

co-pllot?s altimetry systems in the same alrcraft. Leaks in the static system
are included in this category: Data relating to this component were collected
by IATA in 1965, analysed by R.A.E., and reported
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in Ref.4, Further date were collected by YFALPA in 1967. The IFALPA data
for the Worth Atlentic area were consistent with the IATA data and were
therefore combined with it as described in Appendix 2A.1 to form the central

part of the required distribution.

3.2.2 This leaves the now fumiliar problem of fitting a tail to the
distribution, In Ref.5 a level tail was fitted from 400 £t to 1200 ft.
This is a very cautious assumption; because 1f very large differences
between the pilot?s and co-pilot®s altimeters should occur, the pilots will
in general either find out which altimeter is wrong or they will request a
larger separation, Therefore the shepe of this tall is extremely improbable,
The area under the taill, i.e. the proportion of large errors, was taken as
the 974% upper confidence limit. However, the NAT/SPG subsequently decided that
simply combining upper estimates for each "vague®” parameter gave a too
pessimistic result. To be consistent with the "Monte Carlo®™ approach
adopted at the 2nd meeting the tail area should be represented By a parameter

which would be drawn from an approp:riate probabllity distribution.

3.2.3 If the model assumed that random instrument errors were the najor
factor in loss of separation this would be the only reasonable solution, but in
Ref.5 it was shown that the results obtained by using the too pessimistic confidence
level method were not very differen: from the optimistic results obtalned by
neglecting the tall area altogether. Thus any reasonable approximation to
the "rendomised"” parsmeter represenvation of the tail ares should be
sufficiently accurate, and the tail area can be represented by the mean value
of its "confidence distribution”,

3.,2,4 The distribution used is shown in Table 3,1.

Table 3.1 Distribution assuned for AE (random altimetry)

Size of error

(£t) Proportion

0 to 50 0.617 769
50 to 100 0.286 569
100 to 150 0,082 225
150 to 200 0.009 838
200 to 250 0.002 782
250 to 300 0.000 609
300 to 350 0,000 185
350 to hoo 0,000 027
400 to 450 0,000 007
450 to 500 0,000 007

@ ]
£ ®

1150 to 1200 | 0,000 007
over 1200 0.0
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This error distribution is assumed to be symmetric asbout zero, so
that loss or gain of separation 1s equally likely.

3.3 Differences in instrument penel temperstures

3,%,1 It hes been puggested that the tempersture beneath the instru-
ment panel in modern pressurised sircraft can reach high values and
differences in instrument temperature between alrcraft could contribute to
loss of separation. In Ref.12 the results of temperature tests on 8 modern
altimeters (3 type III altimeters and 5 type II altimeters) are published.
The maximum errors found at cruising altitudes were s change of calibration
of 150 £t for a temperature of 45°C below room tempersture and s change of
calibration of 100 ft for a temperature of 25°C sbove room temperature, In
practice temperatures behind instrument panels are unlikely to differ by
more than 10°C, corresponding to sbout 40 £t (or less, if the effect is
non-linear). Also this difference was observed on a type IT altimeter,

For type III altimeters the effect was even smaller. As temperature

differences of 10°C between aircraft will occur only on rare occasions and
as the errors in the other altimeters were even smaller, the ei'fect on the
collision risk will be very smsall. They were therefore neglected in the

calculations,

3.4 Altimeter drift and ageing

z.4,1 Altimeter drift. At one of the earlier meetings of the

NAT/ SPG it has been pointed out that altimeters tend to drift if they are

held at high altitude for a consideriable time. This effect has also been
investigated and results reported in Ref,12. It was found that 2 alti-
meters purchased in 1955 showed a considerable drift during the first hour
at 50000 ft, which continued with & decreasing rate after the first hour,
After U hours the drift was 70 ft for one of the altimeters and 80 £t for
the other altimeter. The other & al:imeters, some of which were purchased
in 1957, showed a drift of 5 ft {which is the reading accuracy) after

L hours at 50000 ft sititude. This would indicate that the effect of drift
need hardly to be considered for the types of altimeters used for crossing

the North Atlantic, Drift was therefore neglected in the calculations.

3 L,o Altimeter ageing. In Kef.11 some tests are reported on

altimeter ageing, i.e. a gradual syssematic change of calibration during
 the period between overhauls. This effect could become important 1f The
2 altimeters in the alrcraft had not been chenged for a considersble tinme,

For this purpose KLM executed for sone time calibratioms of the altimeters
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coming back to the workshop, before they were overhauled. Although in some
cases the eltimeters showed a considerable chaﬁge in celibration (which may
have been the cause for sending then back to the workshop), the average
values did not show & significant trend to change in a specific direction.,
This would indicate that the ageing effects are random and are therefore

included in the data on random altimeter errors discussed in section 5.2.

3.5 Deviation of outside alr temperatures from ISA values

3,5,1 The separation standard applied would not be a geometric one
of 1000 ft but a barometric one of "0 flight levels equivalent to 1000 ft
at ISA temperature. While on the average the resultant geometric separation
would be about 1000 ft, on cold days it would be equivalent to a smaller
distance and on warm days to a larger one, The Institute of Aeronautical and
Space Research of the Netherlands (NLR) has calculated a distribution for
the resultant loss or gain of separation. This distribution is shown in
Table 3.2. This component was assumed to be independent of other components.
This is a pessimistic assumption since most of the other error components
would tend to be smaller on a cold day, being in fact errors in pressure
altitude.

3¢50.2 Details of the method of calculation are described . in
Appendix 2-A,2,

Distribution of loss of separation due to

ambient temperature variations
(NAT Region)

Loss of(;:garation Proportion
-200 to =150 0.000 001
=150 to =100 0.000 967
-100 to =52 0.074 961

=50 to o) 0,516 307
0to 50 0.379 043
50 to 100 0.028 5%6
100 to 150 0,000 180

%,6 Errors in altimeteér calibration

3.6.1 Another possible sourc: of ervor lies in the calibration of
altimeters. Such errors would not always be reflected in the P=-CP error

distribution since often both altimecers would have been calibrated in the




E=A-9

same workshop possibly with the same calibration equipment. In the past
some large errors have occurred in calibrstion (not necessarily to North
Atlantic aircraft) but there is no technical difficulty in obtaining

reference equipment of adequate periormance, and the problem of ensuring
correct procedures eppears no more difficult than the equivalent problems

for engine or control system maintenance,

3.6.2 The pliots of all civil alrlines check thelr altimeters
against the control tower QVH and usually QFE readings at zero altitude and
zero speed. This provides a safeguard ageinst some types of large

calibration errors.

3.6.3 It seems that this type of error can be made negligible by

suitable procedures and accordingly it has been neplected in the calculations.

3.7 Flight technical error

3.7.1 AOE  (flight technical) is defined as the separation error
resulting from the "flight technica. errors"” of a pair of aircraft, i.e.
due to the deviation from the required flight levels as indicated to the
pilots.

3.7.2 Relatively abundant duts is available on flight technical

errors, from the following sources:

(a) The United States NASA flight recorder study6 of deviations
from steady cruise level by transport aircraft on North Atlsntic and other

routes., These cover some 5500 hours of jet operations,

(b)  The deviations from assigned flight level inferred from
pilots® reports in the 1965 flight deck date collection carried out by
IATA at the request of the 1965 Special NAT Meeting, and described in
Ref .4,

(¢c) Data collected by IFALPA in 1967,

Fig.l shows a comparison betwcen the distributions obtained from

each source,

3.7.3 In Ref.5 it was found that the effect on PZ (end therefore
on collision risk) of choosing one tet of dats rather than another is very
small, provided 1200 ft tails are used for the static calibration error.
Thus it is unnecessery to worry over wmuch sbout the rélative merits of the
data and one can stay on the safe side by calculating the talls of the
distribution from the KASA date collection. The centre of the distribution,

which has even less effect on the final result, was taken from sources (b)




and (c). Table 3.3 shows the distribution calculated.
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the method of calculation in more detail.

Tanle 3,3

Appendix 2A.3 describes

Distribution calculated for flight technical errors

Size ?gtirrors Proportion Size ?gtirrors Proportion

0 to 50 0.814 933 600 to 650 0,000 020

50 to 100 0.149 o072 650 to 700 0.000 015
100 to 150 0.029 657 700 to 750 0.000 012
150 to 200 0.004 885 750 to 800 0.000 010
200 to 250 0.000 570 800 to 850 0.000 008
250 to 300 0.000 280 850 to 900 0.000 00k
300 to 350 0,000 191 900 to 950 0.000 004
350 to 400 0.000 116 950 to 1000 0,000 00%
400 to 450 0,000 083 1000 to 1050 0.000 00%
450 to 500 0.000 062 1050 to 1100 0.000 002
500 to 550 0.000 0%5 1700 to 1150 0.000 001
550 to 600 0.000 029 1150 to 1200 0.000 001

over 1200 0.0

3.7.4 AE (flight technical) is the difference of two independent
flight technical errors from the distribution shown in Table 3.3. The
~distribution of /E (flight technical) was therefore calculeted by
convolving the distribution of Table 3.3 with itself.

result of this corvolution.

Table 3.4 shows the
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Table 3.4

Distribution of AL (flight technical)

Size ?§t§TTOT Proportion Size ?gtirror Proportion
0 te 50 0,572 676 650 to 700 0.000 0%2
50 to 100 0,302 255 700 to 750 0.000 025
100 to 150 0.092 877 750 to 800 0,000 020
150 to 200 0.024 135 800 to 850 0,000 015
200 to 250 0,005 4ou 850 to 900 0,000 011
250 to 300 0,001 263 500 to 950 0.000 008
200 to 350 0,000 484 250 to 1000 0.000 007
350 to 40O 0,000 274 1000 to 1050 0,000 005
400 to 450 0,000 181 1050 to 1100 0,000 004
450 Lo 500 - 0,000 125 1100 to 1150 0.000 003
500 to 550 0.000 085 1150 to 1200 0,000 002
550 to 600 0,000 059 1200 to 1250 0.000 001
600 to 650 0.000 043 over 1250 0.0
%8 Static pressure calibration error

2,8.1 The static pressure error is defined here as the difference
in altitude, equivalent to the difference between the pressure in the
static system near the altimeter anc the pressure of the undisturbed air
at the level flown. The static pressure calibration error is this
static pressure error, corrected for any automatic or card corrections
which are being applied to the altireter indication during flight. This

error includes:

(a) errors in the initial celibration by which the manufacturers
determined the curves for the statlic pressure error under all kinds of

flight regimes for a few prototype eircraft;

(v) errors due to productior line variations, i.e. deviations of
the static pressure error of the individual production aircraft from that

measured on the prototypes;

(c) errors in applying the mamufacturer’s curves: although data
for all kinds of flight regimes are supplied by the manufacturer, the

applied corrections are in general cnly functions of Mach number and
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altitude, or of sltitude alone (Smith's law). Effects due to yaw, incidence

and major changes in configurations are generally neglected;

(@) errors due to in-service changes to the skin of the aircraft
which do not give rise to a differentisl error between the two altimeters,
These include accidentel damage at or near the static vents or changes in

fuselage shape in the nelghbourhood of the static holes.

3.8.2 The effect of most of these types of error would be
persistent: all errors of types (a) and (b) and most of those of type (c)
will persist throughout the service life of the aircraft, unless definite
action is teken to correct them. The same applies for many errors of type (d),
exceﬁt that these occur from the moment on when some permanent damage has been
done to the fuselage. These persisteﬁt types of error will have the most

significant influence on the vertical collision risk,

3.8.3% Some static pressure errors will, however, be transient,
This would apply, for instance, to effects due to yaw and to effects caused
by ice or dirt collected on the fuselage near the static holes. An example
of such a transient error is described in section 16 of Appendix 2A.6. In
general the effect of such transiert errors on the collision risk will be

negligibly small, because of their short duration.

3.8.b It is, however, not completely certain that there may not be
transient errors which could occur so often that they might make a
significant contribution to the collision risk, One possible cause would
be distortion of the fuselage under specific load conditions which will
not occur when trailing-cone tests are being made on the aircraft.
SigniTicant errors of this type are, however, extremely improbable because
they shoulc have been detected during the very complete test series made
by the manufacturer during the prototype tests. Another possible error of
this kind.was found in one type of aircraft regularly used in North
Atlantic traffic. On this aircraft a cargo door is located at a very short
distance behind the static holes. This door is normelly recessed slightly
below the aircraft surface at ground level, and should be flush with the
fuselage when the pressure difference between inside and outside fuselage
has its normal cruising value, It was found that misadjustment of this door
will cause a difference in stetlc pressure between 2 of the static holes in
front of it, and this can be used for verifying during test flights whether
the adjustment is correct. The real value of the static pressure caused by

this effect is unknown, Trailing-cone tests will be made during the same




flight, after the door position has been checked. If this door position
should change shortly after this test flight, the corresponding static
Pressure error would never be detected by trailing-cone tests but would

ersist for the remainder of the period bebween overhauls.
b

%,8.5 In generel 1t can be sald that transient stetlec pressure
errors are elther very infrequent or very lmprobsble, In the caleulabion
in which the distribution of the persistent static pressure errors is
assumed to have s level tall to 1200 %, the effect of such transient errors
will have & negligible influence on the collision risk. Tt was, therefore,

neglected in the calculations.

%3.8.6 Estimates of static calibration errors have been made by the
"railing cone" method. 72 such measurements have been reported in Ref.10,
and 90 (including these 72) in Ref.7.

3.8.7 In Ref.5 the central part of the distribution was represented
by a uniform distribution between +300 and =300 £+, In the light of the
ATA date it 1s possible to replace this by a more realistic distribution
based on the trailing cone tests. These data msy not be representative
of the total population of aircraft flying the North Atlantic, but on the
other hend the measurements are pessimistic because they include the
effects of measurement errors. The results of the caleculations will not
be very sensitive to the centre of the distribubtion, It is therefore

possible to use the recorded values to conmstruct the centre part of the

]

distribution and this has been done.Table 3.5 shows the actual velues

used.

Table 5.5

Distribution of static calibration error Ffrom

ATA trailing cone tests

Stae 005" | proportion
0 to 50 0,215 768
50 to 100 0,284 232
100 to 150 0.251 037
150 to 200 0.201 245
200 to 250 0,037 34l
250 to 300 0,010 373
over 50 0.0
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%.8.8 Because persistent large errors in static calibration by definition
persist for a number of flights, measurements on the same airframe at différent
dates are not "statistically independent" and for this reason amongsf ofhefs
it 1s difficult to build up the large sample of data required to demonstrate

the required level of freedom from large errors of this type.

Instead collision risks are estimated for a system which takes advantage
of the persistent nature of such errors by calibrating each aircraft so that
it enters service with only a small static pressure measuring error, and is
thereafter checked at fixed intervals of service life, every +t years. It is
assumed that in such a system all thz remaining large errors would be of
type (d) above. Let "MIBF" represent the mean time between shifts of 300 ft
or more in the "pressure error" at cruising altitudes. ILet R incidents per
aircraft yesr be the rate at which such shifts occur so that R = 1/MIBF. The
proportion of gircraft having large errors will vary from zero for aircraft
‘which have just been checked to Rt for aircraft just about to be checked,
so that the average proportion will be 0.5 Rt. In the absence of information on
‘tail shape level tails, from 300 ft to 1200 ft are assumed. The assumption
of level tails seems to be a realistic assumption for damage due to collision
with service vehicles at airports. The value of 1200 ft is chosen as being

a "worst case",

3.8.9 The modified distribution of static calibration errors, i.e.
with the level tails added, is shown in Table 3.6.

Table 3.6

Distribution calculated for static calibration errors

Size of error

£6) Proportion
0 to 50 0.215 768
50 to 100 0,284 232
100 to 150 0.251 037
150 t0 €00 0,201 245
200 to 50 0.037 344
250 to 700 0,010 373

300 to 350 0,02778 %R

350 to 400 0,02778 tR

® ®

@ °

1150 to 1200 0.02778 tR
over 1200 0.0

., This erroy distribution is assumed to be symmetrical.,
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Talle L.l
Distribution of AFE (static calibration)

Size ?gtirror Proportion
0 te 50 0.223 373 + 0,000 144 tR + 0,013 505 t2R2
50 to 100 0.199 269 + 0,000 807 tR + 0.012 T3k +2R°
100 to 150 0.167 678 + 0,004 121 tR + 0,011 962 t2R2
150 to 200 0.138 491 + 0,010 403 tR + 0.011 19Ovt2R2
200 to 250 0.112 39% + 0,017 8%8 tR + 0.010 418 thg
250 to 300 | 0.081 189 + 0,02k 78% R + 0,009 647 t°R°
300 to 350 0.047 973 + 0.030 777 tR + 0.008 875 $2R°
350 to 400 0.021 346 + 0,037 722 tR + 0,008 103 thg
400 to 450 0,006 452 + 0,085 157 tR + 0,007 331 +g°
450 to 500 0.001 586 + 0,057 439 tR + 0.006 560 teRQ
500 to 550 0.000 221 + 0.054 75% tR + 0,005 788 tgge
550 to 500 0,000 027 + 0.055 416 4R + 0.005 016 the
600 to 650 0.055 560 tR + 0,004 437 PR
650 to 700 0.055 560 tR + 0,004 052 +°Rr°
700 to 750 0.055 560 tR + 0.003% 666 bQRE
750 to 800 0.055 560 tR + 0,003 280 thg
800 to 850 0.055 560 tR + 0.002 BG4 5°R°
850 to 400 0.055 560 tR + 0,002 508 tgng
900 to 950 0.055 416 R + 0,002 303 thg
950 to 1900 0.054 75% tR + 0.002 8¢h S 4g?
1000 to 1050 0.051 439 tR + 0,00% 280 5232
1050 to 1100 0,045 157 tR + 0.003 666 tgkg
1100 to 1150 0,037 722 tR + 0.004 052 +°R°
1150 to 1200 | | 0.030 777 tR + 0,004 4z7 <22
1200 to 1250 ‘ 0.024 78% tR + 0,004 823 t2R2
1250 to 1300 0.017 838 tR + 0.005 209 t2R2
1300 to 1350 0,010 403 tR + 0.005 595 t2R2
1350 to 1400 0,004 121 tR + 0,005 981 £°R°
T400 to 1450 _ 0,000 807 tR + 0,006 367 t2R2
1450 to 1500 0.000 T4l tR + 0,006 75% e
1500 to 1550 0.005 753 th2
1550 to 1600 ' 0.006 367 +°R°
1600 to 1650 , 0.005 981 thg
1650 to 1700 0.005 595 +2R°
1700 to 1750 0,005 209 2R°
1750 to 1800 » 0.004 823 £2R2




b, o Distribution o

The relative height aircraft is the sum of the

components due to random altimebry, deviation of ambient air temperatures

from ISA values, flight chnical ervors, and static calibrstion ervors

(plus other component: ch we have neglected), Assuming these components
to be mutually independent, the distribution of the relative height error
is found by convolving the ibutions given in Tables 3.1, 3.2, 3.4, and

L,1. Table 4.2 shows the

the results of this convolution which
gives losses of separstion (the pars relating to gains of separation is

obvicusly of less interest).

4,3  Probability of vertical overlop PyiEOOO}

PZ(TOOO), the probability that two aircraft nominally separsted by
1000 ft, overlap vertically, is the probability that their loss of separe=
tion was in the range 1000 - K? to 1000 + A, i,e. 960 to 1040 £t. From

! . Lo Ly

Table 6.2 this is calculated to be
0,000 012 + 0.0%9 042 tR + 0,002 626 @? 2 . (5)

The distribution, of which Table 4.2 f

O

rms a party is not suitable for

calculating the collision risk with a separation standard of

1500 or 2000 ft because it is

1 on assumptions about the cut-off points
of level tails of distributions {(paragraphs 3.2.2 and 3.0.5 rcefer) which were

assevsing 1000 £% separation; if the

chosen so as o be caubious iz

"

separation standard being assegsed hed been 1500 £1 different eubt-of

points would have been chosen.

5e CALCULATION O

5.1 Using equation (%)

one finds

N
az

1

1840 {0,000 012 + 0.C39 042 R + 0,002 626 +“R~) E 6)

and so

S
-3
g

N
az

il

and this gives % aM}m“Q}zHQGMMMﬂg

interval T, static calibration

]

fe

Monte Cavlo variable, and (iii) E_(same)
<8

system, which is repre

the vertical same-direction cccupancy, which is represented by a Monte Uarle

variable.
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Table 4,2

Distribution of loss of vertical separation

Size ?itirror Proportion

0to 50 | 0,094 955 + 0,001 699 tR + 0,006 276 %)%

50 to 100 | 0,088 979 + 0.002,658 tR + 0,006 115 t2R2
100 to 150 | 0,078 994 + 0,004 361 tR + 0,005 846 t2R2
150 to 200 | 0,066 577 + 0,006 753 tR + 0,005 511 t2R2
200 to 250 | 0,05% 126 + 0.009 621 tR + 0,005 145 t2R2
250 to 300 | 0,039 777 + 0,012 746 tR + 0,004 766 t2R2
300 to 350 | 0,027 574 + 0.015 937 tR + 0,004 383 £25°
350 to 400 | 0,017 451 + 0,019 016 tR + 0.004 000 t2R2
40O to 450 | 0,009 971 + 0,021 791 tR + 0.00%3 622 £2R%
450 to 500 | 0,005 112 + 0,024 066 tR + 0,003 252 £2R°
500 to 550 | 0,002 352 + 0,025 718 tR + 0,002 903 t°R%
550 to 600 | 0,000 981 + 0,026 763 tR + 0,002 583 t2R2

600 to 650 | 0,000 380 + 0,027 %31 tR + 0,002 300 t2R2
650 to 700 | 0,000 145 + 0,027 591 tR + 0.002 056 t2R2
700 to 750 | 0,000 060 + 0,027 685 tR + 0,001 847 t2R2
750 to 800 | 0,000 030 + 0,027 671 tR + 0,001 674 £°5°
800 to 850 | 0,000 018 + 0,027 541 tR + 0,001 547 +°R°
850 to 900 | 0,000 013 + 0,027 209 tR + 0,001 483 t2R2
900 to 950 | 0,000 010 + 0,026 524 tR + 0,001 493 teRz'
950 to 1000 | 0,000 008 + 0,025 318 tR + 0,001 574 t232
1000 to 1050 | 0,000 007 + 0,023 485 tR + 0,001 708 t2R2
1050 to 1100 | 0,000 005 + 0,021 052 tR + 0,001 875 thQ
1100 to 1150 | 0,000 004 + 0,018 171 tR + 0.002 058 t2R2
1150 to 1200 | 0,000 003 + 0,015 04T tR + 0,002 247 t232

etcetera ' etceters
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5.2 Since the appropriate distributions for R and Ez(same) have already
been calculated, equation (7) can be used as the basis of a Monte Carlo
calculation to find distributions or N for various values of t, Figs 2.2a
and 2.2b show the results of such calculations, together with the NAT/SPG
agreed target safety levels. Fig. 2.% presents the results in a different

way, showing the probebilities that a given checking interval (yeaxrs)
will make it possible to meet the NAT/SPG target levels.

5,3 It is reasonable to suppose that, as Purther evidence from trailing cone
cﬁecks becomes available, the estimeted "shift rate” R wlll become larger,

or at least more accurately defined? so that the checking interval t can

be increased, When t becomes grester than the average service life of

an aircraft it will no longer be necessary to re-check aircraft.
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APPENDIX 2-A.1

DISTRIBUTION OJ' RANDOM ALTIMETRY ERRORS

1.  The central portion of the distrilution of AE (random altimetry)
may be inferred from date collections in which simultanecus readings of
pilots and co-pilots altimeter were recorded end distributions of the
difference tabulated. IATA collected suitable datajo for the North Atlantic
area in 1965, IFALPA collected dets on a world-wide basis in 1967,

Table 1 shows two distributions, one inferred from the 1965 data and one
from the part of the 1967 date which referred to the North Atlasntic area.
(Errors are worse in other areas., An average (weighted according to the
number of flights recorded) was tuken as the centre portion of the distribu-
tion. The more important problem of the tail area is dealt with in

sections 3.2.2 and 3.2.3% of Appendix 2A.

Table 1

Distributions of rardom altimetry (P-CP) errors

Size of errors (1) (2) (3)
(£t) From 1965 date. | From 1967 NAT data | Weighted average
0 to 50 0,614 835 0.636 005 0,617 1769
50 to 100 0.288 253 0.276 100 0,286 569
100 to 150 0,084 331 0,069 131 0,082 225
150 to 200 0,009 605 0,011 287 0,009 838
200 to 250 0,002 117 0,006 913% 0,002 782
250 to 300 ' 0,000 614 0,000 564 0,000 609
300 to 350 I 0,000 215 0.0 0,000 185
350 to 400 0,000 031 0,0 0,000 027
Tfumber of e
observations 52586 3544 36130
NMumber of
£11ghts 11034 1775 12809

2. In Ref.4 it was found that large values of P-CP persisted for 13 flights,
on average, so the equivelent number of independent cbservations is % of the
number of flights, or 9607,
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THE INFLUENCE OF ATR TEMPERATURE ON THE VERTICAL COLLISION RISK

1. Introduction

It has been suggested theb the alr tempersture could bave s zlgnificant
influence on the vertical collision wisk. This is because vertical separa-

tion is measured gs n difference in pressure aliitude, and the geometric
altitude difference between alircraft Tor a given differsnce in pressure
gltltude will differ with the aly tempersture. This influence of air
temperature on collision rigk will be discussed in this Agpendix. In this
digcussion a number of rough spproximations will be used which could be
refined by a more thorough analysis. It is believed however, that the
conclusions based on this gpproxiwste smalysis are sufficiently definite to

make 1t unnecessary to refine the snslysis forther.

2o Theory

A small difference in pressure altitude is related to the corresponding

q

difference in geometric gltitude by the equation

dH =
or
A‘/ -
dH = {1 % (1)
kN

where T is The «ir temperature in degrees igrade and TI8A  the

theoretical or standard temperature, h is the pressure albtitude, snd H is
the geometric altitude. Slrictly spesking the equatlon is only valid 19 H
denotes the geopotentisl altitude but for the altitudes esnd albtitude
differences considered here the difference between gecpotential snd geometric

altitude can be neglecied.

For a finite difference Ah in pressure albtitude, up to 1000 £t, the

following equation is & sufficliently accurate spproximation
P

AH = rTAh (2)

where




2=he22

3 Estimate of the probsbility distribution for r

3.1 An estimate of the probebility distribution of v can be
obtained from the data published ‘n Ref,14, These maps are given, showing
for January, April, July and October the average temperatures and the
standard deviations of the tewperatures at different altitudes over the
earth,

3.2 Table 1 shows the average monthly temperatures for a number
of regions over the North Atlantic reed from the graphs of Ref.14, The
regions are the same as those used in Fig.1.22 of Ref.l for displaying the
traffic densities over the North Ltlantic Ocean. For each region the 4
monthly aversge temperatures are given at the 300 mb level (pressure
altitude 30059 ft) and at the 200 mb level (pressure altitude 38644 £t),

Jeble 1

Average mwonthly eir temperatures over the
North Atlartic (degrees Kelvin)

Longitude (degrees West)

%§§= Mon'th %00 mt 200 b

55° 1 b5 | 35° 25° 15° 55° | B5° | 35° 1 25° | 15°

Jan. | 220|220 | 220 222] 222 || 219 | 220 | 220 219 | 217
Goo | Apr. |222 | 225|205 225| 225 || 223 223 | 223 | 223 | 223

July |[229 | 229 (229 229 229 || 225 |225 | 22k | 225 | 225
Oct. |225 225|226 226 227 || 223 |22% | 220 | 220 | 219

Jan. |222 | 223 |22k o2h] 224 221 {221 | 221 | 219 | 217
o | Apr. (224|225 {226 226} 226 220 {219 | 219 | 219 | 219

22 July |230 | 230 |230 230 231 22% 1223 | 223 | 223 | 22%

Oct. |226 | 227 |228 228 228 222 |221 | 220 | 219 | 21

Jan. (224 | 224 {o2h o2l 224 221 (221 [ 219 | 217 | 215
50° Apr. |22b 226 [206 227! 227 221 {219 {218 | 217 | 217

July | 232 [ 23% |23% 23%| 23% 221 [221 [ 221 | 221 | 221
Oct. 228 1229 (230 230 230 221 {220 | 219 | 218 | 218

Jan. 225 | 226 [226 226 225 217 1217 | 216 | 215 | 215
b5 o hpr. (226 | 226 (227 228 227 218 1216 | 215 | 215 | 215

July 235 | 234|234 2341 235 219 {279 | 219 | 219 | 219
Oct., |2371 (231 |231T 231} 231 219 1218 | 217 217 | 217

Jan. 228|228 |228 227 227 215 [ 215 | 215 | 214 | 214
yoo | APTe 228 (229 (229 229| 229 215 1215 | 214 | 215 | 215
July 237 236 (236 236 236 217 1217 | 219 | 219 | 219
Oct. (234 234 1234  23% | 232 217 1217 | 217 | 217 | 216
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3.4 Under these assumptions aversge values of -0,002 at 300 mb and
+0.016 at 200 mb were found for 1, This mesns that on average a pressure
altitude difference of 1000 ft is equivalent to a geometric altitude
difference of 1007 ft.

3,5 1In order to find the probability distribution for r, the varia-

tion of the temperatures about this average value must be taken into account.
This variation can be broken down into 2 parts: the variation of the
temperatures about the monthly average asnd the varistion of the monthly

averages about the yearly average. These can be estimated as follows:-

3.5.1 The standard deviations of the temperatures about the monthly
averagestare given in plates 45-7€ of Ref.14. It is shown there that all
distributions are nearly normal. The standard deviations over the North
Atlantic are everywhere about 4°C at the 300 mb levels and about 6°C at the
200 mb level.

3,5.,2 The dlstribution of the monthly average temperabtures can be
obtained from Table 1, if the frequency with which each valuve occurs
is weighted by the relative traffic density in each region and during each
season. IF¥ it is, as a first approximation, assumed that this distribution
is normsl, then the standard devistion can be estimated from the extreme
values in the distribution. This would indicate a standard deviation of
3,5°C at the 300 mb level and 2.2°C at the 200 mb level,

3.6 The standard deviaticn of the complete distribution is equal to
the square root of the sum of the squares of the 2 component standard
deviations. After substitution ir equation (3) it is found that the
standard deviation of »r is 0.022 at the 300 mb level and 0.029 at the
200 mb level, These values are probably somewhat on the small side,
because the temperatures measured by the weather balloons were probably
measured at fixed hours of the day, so that the variation over the day is
not accurstely included in the figures given above. They give, however,
some indication of the magnitudes involved, and in the light of the following

discussion this is thought to be sufficient for the present purpose.

3,7 1In Table 3.2 of Appendix 2-Aan approximate distribution for the
total effect is given, assuming that the average effect is 7 ft and standard
deviation 30 ft at all altitudes comnsidered, and assuming that the shape of

the distribution will be normal.
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L2 16 must flrst be realised that almost all altitude errors are
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jr 224 J

is independent of air temperature., This all static pressure

errors and for all altime errors. It 1s posegible thel inertisl effects
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proportional to geom ¢ altitude differences rather then to pressure
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4,3 Under
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ture effect will o of the collis

is certainly negligible.

L. 4 The variati

of’ the tewperature about the

the level-tall assumptions used for most of the altitude evyrors in the

1 £ o sl it P
calculation of PZ {std), no effect at ell on the value of
The effects of positive and negative values of

in the calculation.
5»  Summary

5.1 A method has been indicated by which the eff

ced in the caleunlation of the

temperature can be incorpor:
to loss of vertical separation.

5.2 It has been shown that the effect on the estimated collision
risk is very small, It is therefore sufficient to calculate the effect by

the approximate method described in this Appendix.
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APPENDIX 2-A,3

DISTRIBUTION DJF FLIGHT TECHNICAL ERRORS

1. Small flight technical errors

The HASA measurementsé do not include the swall errors which occur
when -initially "setting up" to the required steady cruise level. For this
reason they give an optimistic picture of the small errors less than about
200 ft. Although it was shown ia Ref.5 that the effect on the collision
risk estimates is smsll, the centre of the distribution was calculated
from the IATA data and the part of the IFALPA data which relates to the
North Atlantic, Table 1 shows distributions from both these exercises,
together with the "weighted average' distribution used.

Table 1

Distributions of small flight technical errors

Size of Proportions
e??i? ATA IFALPA Weighted
1965 1967 average

0 to 50 0,320 629 | 0.762 556 | 0.814 933
50 to 100 0.745 338 | 0,183 409 | 0.149 072
700 to 150 | 0,008 448 | 0,040 773 | 0,029 657

150 to 200 0.004 266 | 0,010 581 | 0,004 885
Number of .
observations 52566 3504 36130

2. Large flight technicsal errors

Data on large flight technical errors is availeble from each of the three
sources listed in section 3.7.2 of Appendix 2-A (NASA, IATA and IFALPA) although
there is insufficient IFALPA data to estimate the shape of the "tails" for
present purposes. If deviations of the indicated flight level from the
required one, due to either pilol or autopilot, are likely to be trensient,
i.e. lasting a few minutes rather than several hours, then the numbers of

effectively independent observations are of the following orders of megnitude:-
NASA 0000
IATA 23000
TFATPA 3500 {NAT region only)
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3 The number of observations availsble from either the NASA or the TATA
data would be sufficient to estimate the shape of the "tails" of the
probability distribution. Tt can be seen from Fig.1 that the differences
between the two sources are not large for errors between 200 end 600 ft, but
the TATA date shows no errors over 600 fit,

b, The question thus arises: which, if either, of the two sets of data
gives a true measure of large flight technical errors? On the one hand it
may be argued that some of the large deviations recorded in the NASA study
could have been made deliberately kaowing that it was safe to do s0, that
conditions for accurate height-keeping were less favourable than they are

now on the North Atlantic routes, aad so on; i.e. that the NASA datas would
lead to unduly pessimistic estimates of flight technical errors in current
North Atlantic operations. On the >ther hand, it may be argued that when
alrcrew are recording their own performance they are not operating in quite
the usual way. The act of preparini to take an altimeter reading may itself
lead to a greater than usual attention to altitude, and so to a reduced
liklihood of large errors developinz. On this argument the IATA data should
be regarded as optimistic. If the computation of a safe standard depended on
resolving this argument, a more closely controlled data collection would seem
necessary, but fortunately this is ot the case. The calculated safe standard
depends much more on the assumptions used for estimating the incidence of
large errors of pressure measuremenc (i.e. of static pressure calibration and
to a lesser extent of "random altimetry") than upon the flight technical
errors, Thusone can stay on the sale side by choosing to base the resulis on
the NASA data (which shows the greacer incidence of large deviations) without
much affecting the finsl results., The effect on estimstes of PZ of inter-
changing the data irom, respectivelys, the NASA and the TATA collections wes
shown in Ref.5 co be small. This is mainly because the difference between the
"tail" areas of the two distributions is small in comparison with the "tail"

areas which have to be considered for the other component errors.

S Accordingly the distribution of flight technical errors over 200 ft is
taken from the NASA data, combinin: the autopilot and manual dsta in the
proportions 995:7 since the IATA daa showed that the avtopilot was disengaged

in only 0.7% of the observations.
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Table 2

Distribution of large flight technical errors

! Size of
errors Proportion
(£t)

200 to 250 | 0,000 570
250 to 300 | 0,000 280
300 to 350 | 0.000 191
350 to 400 | 0,000 116
400 to 450 | 0,000 083
450 to 500 | 0,000 062
500 to 550 | 0,000 0%5
550 to 600 | 0,000 029
600 to 650 | 0,000 020
650 to 700 { 0,000 0715
700 to 750 1 0,000 012
750 to 800 | 0,000 010
800 to 850 | 0.000 008 -
850 to 900 | 0.000 004
900 to 950 { 0,000 004
950 to 1000 | 0,000 003
1000 to 1050 | 0,000 003
1050 to 1700 | 0,000 002
1100 to 1150 | 0,000 001
1150 to 1200 | 0,000 001
over 1200 0.0
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APPENDIX 2-A.4

DISTRIBUTIONS FOR OCCURRENCE RATE OF LARGE STATIC PRESSURE SHIFTS
ANL FOR TATL AREA PARAMETER FOR STATIC CALIBRATION ERROR

1 Introduction

1.1 The sort of events which could cause e persistent large chenge in
"pressure error" (e.g. collision with a service vehicle at an airport) are
likely to occur at random and to conform to a "Poisson arrival pattern". Tt
may therefore be assumed that the true probability Pn of n significant

shiftg occurring in a fixed period of T years is given by

P(n) = ¢ BT (RT)n/ni (1)

where R, the expected rate of shifts per year, is taken to be a constant
which is characteristic of jet operations. The probability of n or

fewer shifts is therefore

P(s n) = ¢ RT (T + RT + (RT)Q/EY oee. + (RT)n/ni) (2)

1.2 The problem of finding a distribution for R is almost
identical with that of finding a distribution for the tail ares parameter

B which occurred in the lateral separation case.

1.3 There is more than one method of deriving a probability distribu-
tion for a population parameter such as R from a distribution for an
observable quantity such as the distribution given by equations (1) and.

(2) . The philosophical differences between these methods are very subtle.
The three possible methodc are the confidence limit method, the Bayesian

method, and the fiducial method. The consequences of all three methods have
been explored as applied to equations (1) and (2) and all three led to
the same solution. (This usually heppens when only one parasmeter such as

R is involved.)

1.4 A brief outline is given below of how each method was
applied to the problem of finding a distribution of the shift rate R.
(For a description of the philosophical background behind each method
the reader should consult an advanced statistical text book for

example Ref., 11.)
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2 Confidence limit method

2.1 The confidence limit method consists essentially of the
symbolic equation

Prob(true rate > R|n,T) = Prob(observed number & n|R,T) . (3)

2,2 The method is designed so that if for example R(0.10),
the upper 10% value for R, is found by this method for a large number
of problems then the proportion of problems for which the value of R(0.10)
found is less than the true value R 1is equal to or less than 70%. 1In this sense
it is said that the probability that R is greater than R(0.10) is
equal to or less than TO%, thus defining one point on ocur cummlative

distribution curve for R.

2.3 Using equation (2) to substitute for the right-hand side of
(3) One has Prob(true rate > R)

= e (14 Ry~ (RT)E/QI + ooo+ (BRD)/nI) (&)

and this defines the confidence distribution for the shift rate.

F.5  Bayesian method
| 3.1 Tn this method R 1s imagined to have a hypothetical "a priori"
probability distribution before the experiment which is modified as a result

of the experiment to give an "a posteriori” distribution which is taken as
the distribution of R.

5.2 One takes the a priori distribution as a uniform distribution.

The need for an arbitrary choice of this nature is the principal objection
to the method.

3,5 The "a priori" probability density at each point is then
maltiplied by the "likelihood", i.e. by the probability of producing the
observed result, and the "a posteriori™ probability is proportionel to

this product.

3.4 Symbolically one writes

p(R) R <« = (R) dR * P(n[R,T) (5)
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where p(R) is the a posteriori probability density, n(R) is the a priori
probability density which shall be taken gs constant, and P(n|R,T) the
likelihood of observing n large errors, given by the Poisson distribution.
Substituting the arbitrary distribution for #(R), and the Poisson
probability from equation (1) for P(n|R,T) one has

p(R) = ¢ e RT (RT)"/n1 (6)

3.5 The "constant of proportionality" C, 1s determined by the
requirement that p(R), 88 & probability density, must integrate to 1, i.e,

©Q
[p(R)dR = 1 (7)
o
therefore
-RT 2 n\>
- ¢ | %= (14+Rr+ 1521~-+ ceo + (RT)_ = 1 (8)
T 21 ni
S)
therefore C = T and equstion becomes
p(R) = T e XL (RT)"/n1 (9)

3.6 The cumilative distribution curve for R is found as follows:-

)
P@R)==‘fP@>®C
R
%0
= /\T o ¥ (XT)n/n! dx
R
- e RT [Y + RT + S%%QE-+ v + &%g%ﬁ ] (10)

which agrees with the result obtained from the confidence limit method.
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4 Fidueial method

4.1 The essence of the fiducial method is that the distribution of
R should depend only on the likelihood of obtaining the observed result,
so that

p(Rln,T) = £(P(n|R,T)) (11)

where f is some arbitrary function. It would seem reasonable for greater
probabilities to be assigned to thcse values of R which make the observed
number n most likely, so f should be a monotonicelly increasing function.,

For reasons which sppear somewhat arbitrary the equation is replaced by
p(Rln,T) = ¢ P(n|R,T) (12)

i.e, the probability density is taken to be directly proportional to the
likelihood, with constant of proporticnality €. When the Poisson distribu-

tion term is substituted for P(n[R,T) in equation (312) , one obtains

p(R) = e T (RT)"/n1 . (13)

4.2 This equation is the same as equation (£) and the subsequent
argument is the same as that for the Bayesian method. Again one ends up with

the equation

- 21 ni

2 n
P> &) = e NF [1 N ¢::1) M 1331—} i (14)

5 No large errors observed

5.1 1In the special case when n = O, indicating thut no large errors
are observed in a period of T years, the equations take a simpler form,
Equation (9) takes the form

-RT

p(R}) = Te (15)
and equation (10) takes the form
P(>R) = &7 (16)

so that R has an exponential distribution with mean 1/T.
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APPENDIX 2-A.5

THE EFFECT OF ADDED FLIGHT PATHS ON OCCUPARCY

1 The occupency figures given in Ref.7 are valid for the number of
tracks and flight levels which were in use during the period in which the
dats were collected. If vertical separation should be reduced to 1000 £t
over the North Atlantic Ocean, the number of possible flight paths for a
given number of tracks would be approximately doubled, In this Appendix
the effect of this large increase in flight paths on occupancy is

investigated.

2 TFor a period in which the traffic flow 1s constant an analytic
expression can be derived for the occupancy, which can be used conveniently
for investigating changes in the flight path pattern. In this derivation
the definitions given in Ref.2 are used. Let M be the number of aircraft
which pass a certain point on a sing}e track per hour, and m the number
per hour passing the point on the it flight level on that track. If air-
craft are regarded as proximate if they are on adjacent flight levels on the
same track and within fifteen minutes flying time of each other longitudi-
nally, then the average number of aircraft on the ith'level which are
proximste to an aircraft on the (1-1)th level on the sams track is 0.5 s .
Taking length of the track as %.25 hours flying time, the proximity per

hour from these two paths will then be

1Mo : (1)

For the p [flight levels of this track the proximity will be
P
= 1,6 i
T 025 z moom g . (2)
i=1

As the total number of flying hours made per hour is 3,25 M the occupancy
during this hour for these p flight levels will be

E,(p) = T . (%)
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The ratio of the occupancies for a track with p flight levels and for e
track with q flight levels with the same number M of aircraft per hour
E_(p

will be
D
) }j R

Z T

5> If the vertical separation is reduced from 2000 £t to 1000 ft, then p
will be equal to 2q. From equation (G-4) it can be found that, if the
aircraft are divided equally between the flight levels, thet

E_(2q)
z 29 -1
E () T Kq-T) : (5)

These ratios vary from 0.75 (if there were 2 flight levels per track at g
separation of 2000 ft) to a limit value of 0.50 (for an infinite number of
flight levels per track.

L If the traffic is not equally divided over the flight levels of the
track, then the value of the ratio will depend on the distribution of the
traffic over the individual flight levels for 2000 ft separation, and on
the method in which ATC redistributes the traffic over the flight levels
with 1000 ft separation. In general the distribution of the traffic over
the levels with 2000 ft separation will be peaked near the central levels.
If ATC redistributes the traffic co, that the aircraft which originally
occupied one flight level with 2000 ft separation is equally divided over
this same flight level and the added flight level 1000 £t below it, then
the ratio will in general be somewhat higher than would follow from
equation (5) , This can be readily verified from simple calculations
using equation (4) . In theory the ratio can vary from O (if the added
tracks are not used at all) to 1 (if the traffic pattern is compressed
vertically so that the outer levels at 1000 £t separation are not used).
For the more likely ways of redistribution of the traffic over the added
levels, the ratio between the occupsancies for 1000 £t and for 2000 ft
separation will be somewhere in the region between 0.7 and 0,9 if the total
traffic per track remains unaltered. If the number of tracks is reduced
from 4 to 3, then the occupeancy will in general increase., The value of this

increase will depend on the distribution of the traffic over the original
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4 tracks and on the way in which ATC will redistribute the traffic over the
3 tracks. For the case where the traffic was originally equally divided
over the four tracks and will also be equally divided over the % tracks,

the occupancy will increase by a factor of about 4/3 if the flight levels
remain unchanged in the redistribution. In that case the total ratio would
become somewhat more than 1, i.e. the occupancy for 1000 £t separation
might become some 10 to 20% larger than the occupancy for 2000 £t with the

- same total amount of traffic. If it will be standsrd practice to reduce the
number of tracks if the separation is reduced, then the use of the same
value for the occupancy will be optimistic. It would be more cautious to

increase the value of E7 by some 20%,

5 It must also be pointed out that a reduction of the average longitudingl
separation can influence the value of the vertical (and the lateral)
occupancy. In the first place it can lead to further reduction of the numbevr
of tracks, which would lead to increased occupancy. But also if the number
of tracks remains the same, the occupancy can increase considerably if ATC

increases the traffic on the busiest tracks.

6 No allowance has been made for any increase in Ez(same) arising as

aescribed in this Appendix., Since the collision risk is directly proportional
to Ez(same) the results obtained could easily be modified to comply

with any other value of E, (same) which might be agreed.
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APPENDIX 2-A.6

ALTERNATIVE TATI, SHAPES JOR THE STATIC PRESSURE CALIBRATION
ERR(R DISTRIBUTION

l. In section 3.8.5 of Appendix ?-A it wes assumed that the distribution of

the static pressure calibration error has a Mevel tail". This can be regarded

as a cautious representation of the true distribution. The upper limit of the

distribution is taken as 1200 ft, As for the lateral seperation case, this
value is obtained by a maximiseticn process which gives the largest possible
value for the collision risk for & given ares of a level tail. This is a

gsecond and very cauntious assumpticn sbout the tail shape.

2. There are, however, a number of reasons to expect that the larger
values of the static pressure errcr, say those above 800 ft, would be
detected within a few flights after the large static pressure error started
and will never become ‘persistent errors”. A list of such reasons is given
below., Although it cannot be proved that each of these reasons separagtely
will always lead to an early detection, it seems very likely that in every
case that a large static pressure error occurs it will be detected by one
or more of the following causes within the next few flights. When intexr-
preting these causes, it must be kept in mind that a static pressure errcr
of 800 t at cruising altitude is 2quivalent to an errvor in Mach number o
gbout 0.04. Tt should slso be keprt in mind that a static system always
consists of 2 interconnected sets of holes, one on each side of the fuselage.
An error of 800 £t due to damage ca one side of the fuselage must therefore

be caused by an error ca one side 2quivalent to 1600 ft,

3, Groni.d lnspection

Persistont gstatic pressure errors of 800 % and more can only occur if
the fuselage near the static holes has been seriously damaged. Such damage
should be plainly visible during a ground inspection by the crew or by ground
mechanics. As visual inspection ¢i the aircraft before each flight is
required by most operators, such damage would be detected if not before the
first Tlight after the damage had dccurred, then at least very shortly

afterwards.

L, Cruising perfocmance

1f the indicated Msch number is 0,04 lower than the actual Mach number,
a D=8 aircraft cruising st an ind.cated Mach number of 0,81 at 35000 £t would
have a fuel consuxption which is 29% higher than normal. At an indicated

Mach number of 0.80 this would be I7%. These are, in fact, extreme cases of
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the effects used in the performance-check method for monitoring static
pressure error (Ref.13). The unusual engine settings experienced during
such a flight would probably be reported by the pilot.

If the indicasted Mach number is too high by 0.04 these effects will
be much less pronounced., Then the pilots would, however, be disturbed by
the fact that the speed stability was mmch reduced and might even become

negative,

5. Difference between pilot's and co-pilot®s indications

Even if the static holes of these 2 systems are located very nesr to
each other, it is extremely likely that the effect of damage will camse
differences in the static pressures of the 2 systems. For the large static
Pressure errors considered here, this could easily become so large +that the
pilots would become alarmed by the difference in indication of the 2 alti-
meters,élirspeed indicators and Machmeters in the cockpit. This would lead
to investigations of the altimeters and static pressure systems.

6. Fluctuations
If the static pressure error is due to dsmsge to the fuselage, the

flow behind it will in gome cases not be very smooth. This will lead to

fluctuating indications, especially on the rate-of-climb indicators.
The Group was inclined to doubt the importance of this.

7o Take—off and landing

If such large static pressure errors exist during crulsing, it is
extremely likely that the altimeters and airspeed indicators will also show

unusual behaviour during take-off (causing take-off at the wrong speed for
example) and initial climb, and during approach and landing.

8. Near miss reports

If a static pressure error in excess of 800 £t should exist, then the
aircraft would become involved in rear misses, some of which would be
reported, The investigation of such near misses, especially if they occurred
several times with the same aircraft, would almost certainly lead to the

detection of the large static pressure error.

9, Besides the effects mentioned above, which will be obvious to any

pilot, there are a number of effects which will alarm some pilots, while they

are not detected by others. Some of these effects are mentioned below,

10. Wind speed

Wind speeds determined from computed true airspeed end Doppler ground
speed would differ from the forecast winds, For a static pressure error of
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800 ft the error in computed wind speed would be of the order of 20 KT.
Although such errors may initially be attributed to forecasting errors, the

pilots would probably become suspicious if such an error persisted during
a8 complete flight.

11. Pitch attitude

Some pilots use pitch attitude as an important monitoring parameter
and they will certainly detect the attitude errors of the order of 12,
associated with an error in Mach number of 0,04,

12. Pitch trim compensation

The pitch trim indicator will have an wnusual position if its detector
for static pressure is connected to static holes which are not affected in

the same way by the static pressure error as the pilot?s instrusents.

13. "Coffin corner"

If a heavily loaded aircraft is climbing near its maximmm altitude,
the pilots will experience serious trouble. The speed range between stall

speed and high-speed buffet becomes very small.

14. Glide path interception

If the static pressure shows an appreciable error at low altitudes
and alrspeeds, the pilots might observe that the point of interception of
the glide path would be unusual.

15, Flight recorders

Computer analysis of flight recorder data could enable some operators

to detect the effects of large static calibration errors.

16. The following experience by KIM illustrates some of the effects
nentioned above. On one of their DC-8 aircraft ice ridges had Formad

in front‘of the static holes on the ground. During take-off the pilots
remarked that the build-up of the speed was unusual. During the initial

climb they mistrusted the artificial horizon, but checking sgainst the

true horizon proved it correct. 7The rate-of-climb indicators fluctuated
between +1000 ft/MIN and - 1000 ft/MIN. The diagnosis that something was

wrong with the static pressure was reached very soon after take-off.




2«Am39

17. The effects described above would make it almost certain that
large static pressure errors would be detected by the crew very soon
after they had started. For aircraft equipped with flight recorders,

they would also become apparent during the analysis of the recordings.

18, 1In order to show the influence on the collision risk of taking
into account the effects mentioned above, calculations have been made
using level tails cut off at 800 ft., The taill area was made the same

as for the other calculations. The results are shown in Fig. 2.4,
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APPENDIX 2-B

A heuristic explanation of the basic mathematical model of collision _

risk, with application to lateral, vertical and staggered separation

1 The probability that a collision will occur is simply the probability
that separation is simultaneously lost in all three dimensions —

longitudinal (x), lateral (y) and vertical (z):

P=PPP
Xy 2

where Px = the probability of longitudinal overlap
Py = the probability of lateral overlap
P_ = the probability of vertical overlap

Note that the overall probability is the product of three component ‘
probabilities, and is therefore a very small number. In accordance with
the theory of random processes, such multiplication of probabilities is
only valid if the component events are iﬁdependent of one another, and
this assumption is therefore built into the mathematical model, 1, for
example, aircraft which make large lateral blunders were also likely to
make large vertical blunders, the resulting equation oould drastically
misestimate the collision risk.

2 One is, however, not interested in the probability of a collision,
but in the number of aircraft involved in collisions during ten million
flying hours, = If this number is called Na, then the basic
collision equation as developed by the RAE and officially accepted by
previous NAT SPG meetings is

100 P 7P
Na=2.2 .a"—'lO.a'

where d = the average time during which in the model overlap exists in
all 3 dimensions,

3. In order tb understand the last equation it must be kept inmind that
Px’ Py and PZ are the probabilities (which can be interpreted as the
number of hours per hour) that overlap will exist in each of the dimen—
sions. In the model it is not taken into account that some of these
periods of overlap may be shorter because the aircraft have collided due
to the fact that at some time during that period,overlap started tq
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exigt in the other 2 dimensions, P must therefore be understood as the
number of hours per hour that the overlap is lost in all 3 dimensions

if the airoraft were made such that they éould pass through each other
without being destroyed, The number of actual collisions of real aircraft
will then be the number of hours per hour that overlap exists in 3 dimen~
sions simultaneously (P), divided by the average time that such an over—
lap exists (d). Therefore, the number of collisions per hour will be P/d.
The number of aircraft involved in such collisions will be twice as large,
or 2P/d, During the hour considered the 2 aircraft considered will each
fly for omne hour, so the number of aircraft involved in collisions per
flying hour will be %02P/d, or P/d. Per 107 flying hours the number of
aircraft involved in collisions will therefore be as shown in the equation
shown above,

b As a further elucidation of this equation, and also to give an
intuitive feeling for the highly unlikely event which is considered, the
following experiment can beconceived: An ardinary &hk of cards is shuffled,
and a bridge hand is dealt out (i.e, 1% cards are selected at random),

If the hand includes the top 12 spades (i.e, all of the spades with the
possible exception of the deuce), you die. (You should be willing to play

this game, since you frequently do things much more dangerous: the prob-
1

15,875,388,990

as the value of P in some of the separation cases considered here),

ability that this will occur is s which is about the same
Furthermore, as soon as the cards are examined, they will be reshuffled
and dealt again, and the same game is played, The game is to be played
over and over from the instant you enter the NAT region until you leave
it, Naturally, you are now interested in the length of time it takes to
shuffle, deal and examines this is the duration of the event d. As the
number of times per hour that the cards are dealt is 1/d, the number of
times per hour that 12 spades will appear is P/d° In the game played over
the NAT region, the pertinent length of time is the time it takes for

one aircraft to pass through the space reserved by another, or -
equivalently — the time required for a point (say the center of one
aircraft) to pass through a box 300 feet long (=2 A ), 300 feet wide

(=2 A ) and 80 feet high (=2 A o)

5. G01ng back to the equations given at the beginning of this Appendix,
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substitution of the value of P in the equation of Na gives

N = 107,P PP ,l
a xy z°d

6. Values will now be derived for the parameters in this equation,
for different cases of reduced separation, For the three types of
separation considered (1atera1, vertical and domposite)a calculation
of the numerical calue of PX can be made. If the average distance
between aircraft on one flight path be D, then another aircraft with
length Xx placed randomly on an adjacent flight path would have a
probability of longitudinal overlap with one of the ajrcraft on the
other flight path of XX/D, If the aircraft has a similarly ocoupied
flight path on the othe} side, for which the aircraft are randomly
ﬁlaced witp respect to the other two flight paths, then the prob-
ability of longitudinal overlap will be 2 Xk/D‘ As some flight paths
have other flight paths on both sides, and bthers have only a [light
path on one side, the average value will be somewhere between these
two values,
7 It should be noted that another basic assumption is built into
the model at this pointy namely, that aircraft are fed into adjacent
tracks at random. Tf this assumption should be incorrect, the
estimate could be too large or too small by thousands of percent.
8. In the actual calculation of Px the RAL did not determine the
average value of D and the coefficient which must be multiplied by
AX/D, but used a slightly different approach, PX can be intlerpreted
as- the average number of ajrcraft which are longitudinally displaced
by less than x A& on adjacent flight paths from a typical aircraft,
This can be determined from the reported times of arrival at a given
point over the ocean, As Ax is a very short interval (1/40 mile, or
about one fifth of one second's flying time), the actual count was
made over a longer distance (i SX, where Sx = 120NM) and the result
later multiplied by XX/SX. The average number of aircraft within
+ Sx of a typical aircraft was called B, The theoretical maximum
value for this parameter would be 4, because there are two lateral
(or vertical) neighbouring flight paths and on earh of these a
maximum of two aircraft per 240 miles. Actually the outer tracks

(or flight levels) have only one neighbour each and, even during
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heavy traffic, the average spacing is less than 15 minutes, The
RAE made actual counts of proximate pairs and found the value of B
to be about 1,2* (after correction for the average increase in

traffic density in the next five years), Therefore the probability
of longitudinal overlap is found as

A
P = —X T = llig. 1.2 = 1
h'd SX 120 ° 4000

It may be noted in passing that it does not matter whether S is
chosen to be 120NM or some other number. If Sx were larger9
E would be larger, and only the ratio E/Sx matters.
9. The values of Py and P depend on the type of separation
considered, For a lateral separatlon of 90 NM, P becomes P (90),
the probability that two aircraft nominally 90 mlles apart w111
overlap laterally, From data on deviations of aireraft from track
over the North Atlantic Ocean the value of P (90) has been determined
to be T‘BBG“BBB“ The value of P for this case is P (O) the prob-
ability that aircraft on the same flight level will overlap vertiocal~
(i.e. within 2A§ = 80 feet), Here one meets the famous paradox
that "the better the navigation, the greater the collision risk"
because, if aircraft lose lateral separation, one cannot then rely
on sloppy vertical station-keeping to cause a miss, In fact, P (0) =
1/4 because, on the average, one airoraft of such a pair will be
between 160 feet above or. 160 feet below the other, and the height
of an aircraft is taken to be 40 feet.
Thus é—%—%%a = %.
10.  The "duration" of a collision is the time which the aircraft
would take to pass through each other if they were not destroyed in
a collision, For a collision of 2 aircraft flying at exactly the

same forward and vertical speed and colliding laterally this would be

V 2
i = —

¥

where 2 ky is the total distance over which overlap occurs and ¥ is
the lateral speed with which the aircraft are moving relative to

sach other, For a lateral collision of aireraft nominally separated

AT s b 0 e Qs e G

11 numbers in this Appendix are approximate and for illustration

only,
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by 90 NM, one uses y(90) which is clearly a large number, since

a plane cannot get 90 NM off track during a snort flight without

a high lateral velocity. Radar data indicate that F(90) is about

60 knots or 100 feet per second. As 2)\ = 300 feet, the time d is
about %55 3 seconds or 1300 hour,

11. With the numbers given above one can now calculate the value of
Na for collisions of aircraft on the same flight level with a nominal

lateral separation of 90 NM, This is called Nay(9o)' It is

AT 1
N,;(90) = 107, P . P (90).P,(0). T =

- 100, : 5 :

= * 4000 ° 1,000,000 ° 4 ° I/1200

- 107 1 . 1200 = 0.75 *

* 16,000, 000,000

which is above the target levels of safety proposed by the Groups
0,15 to 0,4.

12. The actual expression for d is a good deal more complicated
than the above., To get average velocity, the '"absolute value' must
first be taken by disregarding direction (otherwise the average
speed would always be zero, because half the aircraft are moving

to the right and half to the left). This is indicated by vertiocal
liness {yn Next, the average of this quantity is taken, indicated
by a horizontal line: lﬁ[ According to the laws of statistics, the
average relative velocity of a pair of aircraft is 41 O/o greater
than the average absolute velocity of a single aircraft, And, finally,
one will in general not pass through this box in a lateral direction
only, so the movement in the longitudinal and vertical directions

must also be taken into account, Thus, the actual equation is

1_lavl g0, 12]
I N r, T,

(For technical reasons, one writes AV instead of #)
In the case of a lateral collision, the 41 o/o correction does not

apply, because one aircraft is usuwally moving much more rapidly than

® Note again that these numbers are illusirative only.
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the other, Furthermore, the first and third terms are so small with
respect to the second term in this case, that they add little to it,
The value of 1/d is therefore about as glven aboves 1200

13. In the case of vertical separation, Iyl becomes [yl(O) = 20 kts,

implying that the average lateral velocity of an aircraft which is
close to track is about 14 kts (20 is 41 °/o more than 14). Hence

I3 20

2 S Ve 400
to this must be added
2] ! and IAVW = 13 = 260

= = 15 :
2X, T 1775 2N 1720

This yields 1/d = 735, P, is about the same as for the case of

: CE 1 ) 1
lateral separation, yielding P = 7006 - Py becomes Py(O) = 536

because, on the average, one aircraft of such a pair (nominally O NM
apart laterally) will be anywhere from 20 NM to the left to
20 NM to the right of the other (average deviation from track

14 NM plus the 41 o/o correction), and the wing span of an
aircraft is taken to be 1/40 NM (2)\ = 1/20). mhus P (0) =

- 220 §%6 . P, becomes P (1000), the probability of Vertlcal

40
overlap of two alroraft nomlnally geparated vertically by 1000 feet,
This still is a controversial number, which we take here to be 36%5'
Hence
N =100 . p_ .P(0).P (1000) . %=
az CTx * Ty " Tz °d

1 1 1 .
- 70060 * TG5 - 3505 - 135 = 0.15

again above the target levels of safety.

= 107

1. For staggered separation, E is about twice as large as before,

because each aircraft now has four nearest neighbours instead of two.

1 1 . 1-
Hence P = === . Now Py = Py(60) = 56,000 and P = Pz(loOO) = 3000 -
The value of 1/d lies between the two given above —— say 900, Then
U B 1 1
Nayz = 10« 2000 * 55,000 * 3000 + 990 = 0.03

~which is well below the target levels of safety proposed by the Group.
15. One further Simplification has been made. The deduction of the
equation for R tacitly assumed that both qf the aircraft which might
collide were travelling in the same direction, Hence, the I included
in the overall equation is only E(same), the "same-direction
occupancy", To this must be added a term involving E(opp),.jhe

opposite-direction occupancy, multiplied by a. F which has V in place
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of [AVl. With the bulk of eastbound and westbound flights occurring

at different times of day, E(same) is much larger than E(opp). On the
other hand, the % by which it is multiplied includes a V of
approximately 1000 knots, so that opposite direction traffic, in
spite of its small bulk, contributes appreciably to the collision
risk.

16. The reader should now be prepared to look at the full=-blown
collision risk equation (for example, on page 2-A-1) with equanimity.
But even with equanimity, he will probably ask: '"Does anybody really
believe all this?" The answer, even by a dedicated mathematician,
must be 'not entirely'. But considerable coﬁfidence can be placed

in some of the types of conclusions which may be drawn from it.

17, While only one of the numbers in the calculations above is
highly controversial - namely PZ(1OOO) - there are questions about
almost every number which might raise or lower it by 50 % or s0.
When one combines so many uncertain numbers, one can hardly have
much faith in the results. It is intended to express this by
applying '"'confidence limits" (a technical term in statistics)>to the
conclusions, but the fact of the matter is that there is very little
confidence even in these confidence limits, Thus, for example, Nay
is estimated (for a 90 NM separation) to be about 0.75; the actual
conclusion of SPG IV was close to this, based on much more
complicated considerations, including, for example, different errors
in different parts of the ocean. But there is no assurance that Nay
is greater than O.4. There is, however, pretty high confidence that
it is larger than 0.15, but one cannot even be completely sure about

that., Thus, absolute estimates from this mathematical model are

fraught with uncertainty.

18, On the other hand, the mathematical model permits to draw
certain types of relative conclusions with high confidence., For
example, if Nay is computed for 90 NM and 120 NM separations, the
only differences in the two computations are in Py and ys; all other

quantities are the same for both. While the ratio, for example, of

P_ (90)

B (120 is not known exactly (this is related to the much=discussed
y
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question of "tail shape’), it is clear from the radar data that
that it is not a small number like 2 or 3 nor a large number like
50 or 100, One can be extremely confident in the assertion that
a 90 NM separation is appreciably more dangerous than a 120 NM
separation - the best estimate at present is that it is six times
as dangerous. Similarly, one can be equally confident that loss
of 60 NM=plus=1000 feet "composite' separation is considerably

less likely than loss of 120 NM separation alone.

19. These statements could not have been made as recently as
three years ago. What has been achieved through the data-
collection effort of 1967-68, plus the mathematical and data
reduction work at RAE, plus the deliberations of SPG, is the not-
inconsiderable ability to make, with high confidence, several
assertions, including the following: if lateral separation is
reduced from 120 £o 90 NM, capacity will be increased by about
50 % while the danger of collision is greatly increased; if
lateral separation were to remain as 120 NM and 60 NM=plus=
1000 feet 'tompositd' separation were introduced, capacity would
be increased by about 100 % while collision danger would be
changed by an insignificant amount. Finally the long-
controversial questions as to the relative contributions to
collision risk of same-direction and opposite=direction traffic
can also be answered; opposite-direction traffic is so
dangerous that safety could appreciably be increased if even
the presently small amount of opposite-direction traffic could

be segregated.
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Glossary

longitudinal distance or longitudinal

lateral distance or lateral

vertical distance or vertical

number of accidents per ten million flying hours

number of accidents per ten million flying hours due to
loss of lateral separation

nunber of accidents per ten million flying hours due to
loss of vertical separation

number of accidents per ten million flying hours due to
loss of staggered separation

probability of longitudinal overlap of a pair of aircraft
probability of lateral overlap of a pair of aircraft
probability of vertical overlap of a pair of aircraft

probability of vertical overlap of a pair of aircraft
nominally separated by zero feet of altitude

probability of vertical overlap of a pair of aircraft
nominally separated by 1000 feet of altitude

probability of vertical overlap of a pair of aircraft
nominally geparated by some standard distance (such as
1000 feet) in altitude

vertical speed, or relative velocity in the vertical
direction of a pair of aircraft

average (taken without regard to "toward" or "away")
relative vertical velocity of a pair of aircraft

%, or relative longitudinal speed of a pair of aircraft
occupancy

average number of aircraft flying in the same direction
which a typical aircraft has vertically 'proximate" to
it, i.e. on an adjacent flight level, within + 15 minutes
flying time

average occupancy of opposite direction traffic which is
vertically proximate ' -

dimension of an aircraft, assumed to be a rectangular box
1 . 1 .
length, 150 feet = 70 mile ZXX =55 mile
1 . 1 .
wingspan, 150 feet = 70 mile Qxy = 56-m116
. 1 . 1 .
height, 40 feet = 150 mile 2}5 = 75 mile
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check method for monitoring the static pressure error
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3., Summary of Agenda Item 3: Review of the possibility to apply
"composite separation" (i.e. a form of
separation composed of the simultaneous
application of reduced lateral and ver-
tical separation) to aircraft operating
in the NAT Region.

2.1 Introduction

3,101 A proposition for a mathematical treatment of staggersd
separation was presented by the Netherlands. The method proposed is
given in Appendix 3~A. The pattern of available flight paths is shown
in figure 3.1. A discussion is given of the collision risk if aircraft
nominally fly along these flight paths. In addition, the increase in
risk has been calculated if aircraft are allowed to change tracks or
flight levels. One difficulty was that no agreed values of the pro-
bability of vertical overlap for aircraft flying at 1 000 feet nominal
vertical separation which must be used in the calculation are as yet
available. These values were discussed under Agenda Item 2 of this
meeting, but no firm conclusions were reached., A solution for this
problem was found by giving wherever necessary not the collision risk
due to composite separation Nayz but its relation to the.vertical colli=

o

sion risk: Naz(TOOO)/Nayz Thus it is possible to make use of the
values for NaZ based on different assumptions given in figures 2.2 to

2.5 of this report (see pages 2-A=41 to 2-A-L5),

3.2 Assignment of Target Level

3.2.1 At previous meetings it was agreed® that the overall
target level of safety from collision over the North Atlantic would be
to keep the fatal accident rate in the range from 1.2 to 0.45 per

10 million aircraft flying hours or lower and that it would be con-
venient and reasonable to split this rate equally between vertical,
lateral and longitudinal separation. In the system under present con=
sideration, aircraft may collide with :

= either of the two aircraft nominally ahead and behind
by 15 or more minutes;

- either of the two aircraft nominally 2 000 ft. above
and below;

- either of the two aircraft nominally 120 NM on either
sides

- any of the four aircraft nominally separated by 60 NM
and 1 000 ft.

*Note: - Summary NAT/SPG-2, para. 4.12, page L4=4
Summary NAT/SPG-3, para. la), page 1-=M=1




It might therefore seem logical to redivide the collision risk into
four equal parts. However, this was considered undesirable and
inconvenient. Instead, 1/3 of the risk is now arbitrarily assigned to
each of the lst, 3rd and 4th categories above, and zero risk to the
2nd. This is not to assert that the collision risk for such aircraft
vertically separated by 2 000 feet is indeed zero, but merely that
present equations predict for this risk a number so much smaller than
the others that it would have a trivial effect if added to them.

363 For a given amount of traffie the risk due to loss of
lateral separation of 120 NM, for which one third of the total colli-
sion risk was allowed in para. 3.2, will be much lower than it is in
the present system. This is due to the end effect: the number of
flight paths, which do not have tracks at 120 NM on both sides but
only can have aircraft at 120 NM on one side, is much larger than for
the presently used system. The risk due to loss of lateral separation
of 120 NM in g staggered system is, therefore, less than was calcula-
ted for the present system during the Fourth Meeting of the Group.

3ok When comparing vertical separation of 1 000 feet with
the staggered separation, the reason why the latter is much safer than
the former can be explained as follows: if two aircraft in staggered
separation are to collide, one or both aircraft must have a large
lateral deviation and at the same instant one or both must have a
large vertical deviation. This means that two or more improbable
blunders have to be made by a pair of aircraft at the same moment.
This is a very unlikely event if the occurrence of the blunders in

the two directions is statistically independent. This is the basic
assumption for the mathematical treatment given in Appendix 3-A. The
Group agreed that this assumption of independence was applicable,
amongst other things, because completely different sets of instruments
measuring completely different quantities are being used for vertical
and lateral separation.

Zolel On the other hand, if, for example, a large fraction of
both types of blunders are made simultaneously by a small fraction of
operators (including non=IATA, private, etc.) then this assumption is
invalid and underestimates risk.

3.5 Calculation of the Estimated Risk due to Loss of Staggered
Separation

3651 The main conclusion from the mathematical treatment in
Appendix 3=A is that the value of Nayz is about 1/30 of the value

which Naz would have under the same assumptions, i.e., comparing

simultaneous 60-mile and 1000-foot separation (each aircraft having
four diagonal neighbours) with simple 1000=foot separation (each
aircraft having two vertical neighbours), all other things being equal.
The value of Nayz for which no recalibrations of the static system are

necessary should therefore be determined from the corresponding value
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of Naz° If it is assumed that the statiec pressure error of each air-

craft is checked before it is delivered and if it is assumed that the
average service life of an aircraft is 15 years, then the curves for
a 15 year period between recalibrations given in figures Z.2.b and
2.4 can be used. Figure 2.5 already applies to aircraft which have
not been recalibrated., Table 3.1 includes '"90% confidence level
values' for the collision risk in such a composite system, derived
from figures 2.2.b, 2.4 and 2.5.

3s502 These values are only valid if the opposite direction
traffic is completely segregated from the same direction traffiec,
The effect on risk due to composite separation through missing oppo-
site-direction traffic would be an increase by 35%., The corres-—
ponding figures are shown in the column labelled "same and opposite
direction traffic' in Table 3,1,

3:503 If 2000-feet changes of altitude did occur on the
average once per flight, then the composite separation risk would be
increased by 0.018 as shown in Appendix 3-A. The Group agreed that,
on the basis of present practice in the track system over the North
Atlantic, this number of changes of flight level would ke a very
cautious assumption., Though no figures were available on the average
number of such changes, data shown on some days gave values very much
lower than one change over 2 000 feet per flight. With the flight
levels which will be passed at 60 NM distance both occupied, then
0.018 should be added to the collision risk. This has been done in
the last two columng of Table 3.1.

3okt In Appendix 3=A the risk of changes of track, both
horizontally over 120 NM and over 60 NM with simultaneous change of
1 000 feet in altitude were calculated. The Group decided that 1%
would not consider such manceuvres which include crossings through
the track system, unless the conditions are such that they would be
possible under the present systemo

Table 3.1

Values of the Collision Risk of Staggered Separation for Different
Assgumptions ('"90% confidence level' values)

Boundary  Same-direction Same- and Including one change
of traffic opposite= of 2 000 feet per flight
tall only direction
traffic Same—-direction Same- and
traffic opposite=
ouly direction
traffic
1 200 ft 0,12 0,16 0.1k 0,18
800 ft 0,027 0,037 0,045 0,055

300 ft 00,0006 0,0008 0,019 0,019
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3.5.5 The results indicate that the collision risk for same-
direction traffic would be less than the lower target level of safety
(N = 0,15) for all tail shapes considered even if on the average one

ch%gge of flight level of 2 000 feet should be allowed per ocean
crossing. For the other 2 cases the collision risks would be less
than the lower target level if the assumptions on the tail shape are
made a little less severe than a level tail to 1 200 feet (but still
much more severe than a level tail to 800 feet), For all cases they
were far below the higher target level of safety (Naz = 0,40),

%,6 Operational implications

36,1 The Group then considered the operational implications
of such a system. These were of two kinds:

i) 1in respect of the oceanic area, and
ii) in transition from oceanic to domestic airspace.

3.7 Oceanic Area

3s7.1 Opposite direction traffic

B07elol While the level of safety of opposite direction traffic
in staggered track systems had been shown to be lower than for same
direction traffic it was agreed to investigate both systems. It was
pointed out that the opposite direction flow at the time of the two
major daily peaks of traffic flow was small (about 5 per hour requiring
2/3 flight paths in 1968). Moreover, the NAT meteorological situnation
ensured that on about 80% of occasions these opposite direction flows
were separated laterally. This left 20% of occasions on which the
minimum time track was near the 'great circle" route for both the main
flow and the smaller opposite direction flow., In these circumstances
segregation would lead to route deployment as illustrated below which
might be typical on a busy day in 1970,

Tracks

Flight - 360 NM %
levels A B C D B F G
380 WB - WB - - - -
370 - WB - WB - EB -
360 WB - WB - - - -
350 - WB - WB - EB -
340 WB - WB - - - -
330 - WB - WB - EB -
320 WB - WB - - - -
210 - WB - WB - - -

WB = Westbound

IB = Eastbound

Figs 3,1




Tracks

Flight < 760 1 >

levels A B C D L F G
380 WB - - - - WB -
370 - - EB - WB - WB
360 W3 - - - - WB -
350 - - EB - WB - WB
340 WB - - - - WB -
330 - - EB - WB - WB
320 WB - - - - WB -
310 - - - - WB - WB

Fig. 3.2

Fig3. represents a situation on which it would be marginally advantageous to group
the eastbound traffic to the north of the westbound flow, whereas Fig.5.2 illustrates
& possible solution where the main part of the westbound flow might be grouped to

the north side of the eastbound flow. Other possibilities are apparent but both

the administrative difficulties of implementation and the economic effect on airlines
would need to be studied and a balance struck between administrative complication in
the agreement between Gander and Shanwick of the oceanic track structure to be used
and the economic implications. Fig3. represents the simple case and Fig32 the more
complex variant, Clearly the ATS view was that, if feasible, stapggered tracks for
opposite direction traffic offered the simplest solution. Failing that, the Group
recommend further analysis to determine whether the simple segregation represented
by Fig. 3.1 would be acceptable.

3.7.2 Separation standards

3e7e2.1 The Group recognized that changes to Doc 7030 would be required
to permit the use of a composite track structure but believed that this would
present little difficulty in respect of clearance to enter the system, that is the
application of'strategic"separation in accordance with the system. The Group
however, recognized that although these ''separations" were good for the crossing
there was a need for the specification of separation standards or procedures for
"tactical'use within the organized track structure and off it,

3.7¢2.2 Separation standards on_the organized track structure in respect
of aircraft joining or crossing it

2.7:2.2.1 The present standards should apply.

3.7:2.3 Within the organized track structure - track changes

3.7e2:3.1 As the risk involved in a change from one track to another at the
same level had been demonstrated to be unsafe in a fully~loaded system it was .
thought that the normal separation standards should be anplied before reclearing
the aircraft in question. It was pointed out that although restrictive,
the possibility of track changes was also very limited even with the present
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3,7,2.4 Within the organized track structure - level changes

3.7.2.4.1 The Group noted that with the present system, level changes on the
same track were only feasible when the system was relatively lightly loaded.

A level change might be requested by a pilot on grounds of fuel economy or to avoid
turbulence, or be instituted by ATC if there were grounds for believing that longi-
tudinal separation was infringed. The same general conditions would apply with the
introduction of staggered tracks with, however, the additional complication that a
flight level change of 2000 feet would involve flying through levels assigned to
aircraft on adjacent tracks at 60 NM distance. Clearly the normal separation
standards could be applied (2000 feet and 120 NM) for this maneouvre but

would involve a search for aircraft on adjacent tracks which might be "traffic"

to the climbing or descending aircraft. It was suggested that, since only a
moderate increment of risk would result each time an aircraft should climb 2000 feet
on track through the flight levels of adjacent tracks, a procedure could be
developed permitting this practice but limited in application to once per aircraft
per Atlantic crossing. It was pointed out however, that a procedure of this kind
represented a radical change; procedures had never been limited in this way and

to do so could lead to complexity and hence the possibility of error in application.
This subject would need further study.

3e7.2.5 It has been thought necessary to describe in some detail the problem
outlined in 3.7.2.3 and 3.7.2.4 because necessary procedures together with the
separation standards to be applied would have to be developed. Nevertheless, the
Group did not consider that this seriously affected the validity of the proposal
because in many traffic conditions the possibility of level or track changes are
minimal even with the present system.

3.7.3 Emergency procedures and unusual events

3.7.3%.1 The Group did not consider that the introduction of staggered
tracks would significantly effect the action which would be taken respectively

by pilots and controllers in such situations. In one respect staggered tracks
afforded an advantage since, for example, in the case of an aircraft having to
descend for reasons, say, of loss of pressurization there might be fewer flight
levels to penetrate than with the present system. On the other hand, there would
be less room to turn around and return to base than with the present system with
tracks 120 NM apart. The Group nevertheless thought that procedures could be
devised but whether such procedures need be specified would require consideration.
Provided that pilots were well briefed on the track structure in which they were
flying it might be sufficient and more appropriate to leave the manoeuvre to the
pilot with ATC affording a return to normal separation as soon as possible.

2.8 Effect on the Transition Area

3.8.1 A major difficulty that would be encountered by ATS in applying a
composite system, or for that matter any system which implies reduced separation
standards in the oceanic area, is associated with the area of transition from the
oceanic track system to the domestic airways system, particularly in areas
outside reliable radar cover. This difficulty arises as a result of:
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1) The need to re-clear those flights operating at oceanic
flight levels in the oceanic area to appropriate directional
levels in the domestic system, and

2) the limitations of the present domestic ailrway systems,
caused by the inadequate numbers of tracks in the transition
area between the oceanic and domestic track structures.

2,802 For instance, the Group noted the difficulties at
present being experienced by Ireland in relation to eastbound over-
flying traffic. This traffic may present itself at the oceanic
boundary to the west on three tracks occupying all levels, those
corresponding to the direction of flight and those normally reserved
for opposite direction traffic. A major problem is feeding this
traffic into the limited United Kingdom route structure to the east
over Strumble in which the use of levels corresponding to the
direction of flight was obligatory, except during certain hours and
under specified conditions,

3,8.3 The Group decided that with the inevitable growth in
North Atlantic traffic, system capacity must by some means be increased.
Whatever system is adopted, be it a composite track or some other
system, its full capacity cannot be exploited unless routes and/or
procedures were developed to increase the domestic acceptance rate.

30800 In agreeing on the need to develop additional routes in
domestic airspace to facilitate the integration of traffic fed into it
from a composite track system, the Group considered the limited "area
navigation' concept as a means to provide a better route structure in
the transition area between the oceanic and domestic airspace. Navi-
gation along these routes could be accomplished by employing, for
example, computer systems updated by VOR/DME or DME/DME, or other
ground-referenced aids, or Doppler into eventual radar cover where
integration with the domestic airways structure could be accomplished,
The simplicity of this technique would facilitate the early implement—
ation of such a concept. A formal route facility structure would
later be required.

2,8.5 The Group also considered that the provision of
effective radar cover of the transition area in which integration with
the domestic airspace occcurs is & pre-requisite to the introduction of
a composite separation system. Radar would be used by the controller
to monitor navigation and ensure separation between aircraft.

3.9 Clearances
35961 The Group agreed that, as far as practicable, clearance

should contain the complete oceanic and domestic routing to the point
of integration into the appropriate airways system.




3,10 Conclusion

3,10.,1 The Group concluded that, from the ATC viewpoint, a
type of composite separation described was practical in the NAT area
provided radar cover of the transition area was available and
appropriate track structures were established in the continental air-
space, The Group would therefore hope that States would take the
required action to facilitate its implementation on a trial basis,

3,10.1,1 Specifically the Group concluded that:

(a) The calculations indicate that a system of tracks
separated laterally by 60 NM whereby adjacent tracks
are staggered by 1000 feet would be likely to afford an
acceptable level of safety. (For the exact statistical
values obtained when applying this separation to one-way
traffic as opposed to two-way traffic, see Table 3.1.)

(b) Such a system may be practicable in the NAT oceanic area.

(¢) The assumption of para. 3.4.1 that very poor operators are
not present in large numbers in the NAT Region is signifi-
cant.

3,10,1.2 The Group also saw the following courses of action:

(a) Further information should be obtained on changes in static
system error and their duration to establish whether alti-
meter accuracy is sufficient to support staggered tracks
for opposite direction traffic.

(b) States concerned should examine ways and means ofx
extending the NAT track structure into domestic airspace
thus extending the time available to redeploy traffic
from NAT to the separations appropriate in domestic air-
space.,

(¢) Steps should continue to be taken to ensure that the great
majority of operators can and do maintain track and flight
levels within tolerances similar to or better than those
indicated herein, or to develop procedures to segregate
traffic that does not meet those standards.

(d) Those actions outlined in para. 2.7.2 would enhance even
further the safety of a system of composite separation.
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APPENDIX % -~ A

Increasing the potential traffic density over the North Atlantic

Ocean by using composite separation.

1l Introduction.

1.1 'The use of the present pattern of flight paths in the track
system for Jjet aircraft over the Horth Atlantic leads to

economic losses for aircraf't which are assigned to the outer tracks
and/or the extreme [light levels. A section through this present
track eystem, perpendiculsr to the direction of flight, is given in
figure 1% In order to improve the econcmics of operations across the
North Atlantic, several methods of increasing the traffic density in
the track system have been considered: decrease og lateral separation
to 90 NM . (iiggzg_g), decrease of vertical separation to 1000 feet
(figure 5) and decrease of longitudinal separation. Ytatistical studies
were made of these possible ways of reducing separation but, mainly
because of lack of sufficient data, it could not be proved that the
safety from collisions was sufficient.

T:i2 In this Appendix a different type of flight path pattern is
considered (figure ﬁ), which for a given traffic density will give a
much smaller collision risk. llere, as in the present system, the
vertical separation between aircraft on the same track is a nmultiple
of 2000 feet and the lateral separation between aircralt on the same
flight level is 120 WM .; with aircraft on adjacent tracks there is

a simultaneous separation of 60 NM and 1000 feet. For a collision %o
occur between a pair of aircraft on adjacent tracks, 2 blunders are
required, one in the lateral and one in the vertical direction.

1.3 4n important advantage of this "composite" or "staggered" sep~
aration is, that any future increase in the accuracy of track keeping

or height keeping will increase the salety from collisions, a% least

(&)

as far as the aircraft on adjacent tracks are concerned. This is not
the case in the other systems, as an increase in the accuracy of track
keeping will increase the collision risk of the system of figure 3,
~and an increase in height-keeping accuracy will increase the cdllision
risk of the system of figure 2. It vould seem likely that at least the
track keeping accuracy will increase in the near future, due to

increased use of Doppler and inertial navigation systems.

*The Figures are shown on page 3-A-11,




1.4 The use of additional flight levels will provide extra problems
for ALC in the transition arcas, where the aircraft must return to
the normal separation rules which require 4000 feet between same-
direction aircraft on the same track. It would seem, however, that
these problems will be less than those for a system with 1000 feet
vertical separation as in figure 3, because aircraft on adjacent
flight levels are already laterally displaced by 60 WM.

1.5 A disadvantage of composite separation is, that during a climb
over 2000 feet on the same track, the aircraft passes 2 tracks at
only 60 NM lateral distance. The highest possible safety can only
be obtained if these 2 flight paths are cleared of traffic during
such an operation. In section 2.2 the added risk of such transitions
has been calculated for the case that these flight paths are occup-
ied. A similar calculation for transitions from one track to another
on the same flight level is given in section 2.3. As such trans-
itions are very rare even in the prescnt system, the final effect,
even if they are allowed, will not be large.

1.6 In this Appendix an estimate i1s made of the collision risk in
8 system with composite separation. The calculations have been made
for same-direction traffic only. This is because the daita from
Appendix 24, which are used in the calculation, apply to this case
only. With suitable values of the parameters, the method described in
this report can also be used for a combination of same-direction

and opposite-~direction traffic.

2. The method for estimating the collision risk.

2.1 The collision risk for level flisht only.

2.17.7 The collision risk in a system with composite separation as

shown in figure 4 ﬁill be equal to the sgum of 3% risks:

i) the risk Nay(lzo) that an aircraft will collide with another
alrcraft which is nominally flying at the same flight level with
a nominal lateral separation of 120 UM

ii) the risk Naz(zooo) that an aircraft will collide with an
aircraft which is nominally (lying on the same track with a
nominal vertical separation of 2000 rfeet.

iii) the risk Nayz that an aircraft will collide with an aircraft

which is nominally flying on a flight path which has a lateral
separation of 60 MM and also a vertical separation of 1000 feet

with respect to the flight path of the first aircraft,
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The first risk has been estimated during the fourth meeting of the
NAT Systems Planning Group. The figure which should be used for
Nay(l20) in a composite separation system will be somewhat less
than was calculated there, because the value of the lateral
occupancy Ey will be less in a composite system. This is because,
for a given number of available flight paths, there will be less
flight paths which have other flight paths on both sides. The risk
due to loss of vertical separation is discussed under agenda item 2
of the present Summary. Although the value of Naz<2000) will probably
be very small, it is impossible even to make a rough guess or its
value. This is due to the fact that the number of data available
did not even suffice to make a reasonable guess of Naz(1000) and
that extrapolation to 2000 feet is utterly impossible. It secems
sufficient to state that the sum of these 2 risks will be somewhat
less than the risk in the present system, because of the smaller
values of the lateral and vertical occupancies.

2.1.2 In the remainder of this Appendix only the third risk will be
discussed. The derivation of the equation for Nayz is similar to
that of the other risk equations, as for instance eq. (1) in
Appendix 2-A of the present Summary. For same-directiion traffic

the equation becomes:

T Ax | lav] + Iyl(eo) Izl
Nayz = 10 .Pz(looo), 5 - byz(uame).Py(6O).{2%v ) > (1)
b'e X v Z
where

ayz _ the collision risk due to loss of composite separation,
i.e. the estimated number of aircraft which will become
involved in fatal collisions due to loss of composite
separation with aircraft on adjacent tracks during 107

flying hours

1t

Pz(looo) the probability of vertical overlap (i.e. a vertical
separation of less than‘%z) for aircraft nominally
having a vertical separation of 1000 feet. This

43 ey
uanticy

o)

is equal to Pz(std) discussed in Appendix 24 of the
present Summary

the probability of lateral overlap (i.e. e lateral sep-

i

P (60

,(60)
aration of less than Ay) for aircraft flying on tracks
neminally spaced by a lateral distance of 60 1. This
quantity can be calculated from the distribution of the

across-track errors of single aircraft given in the




Summary of Discussions. of the fourth meeting. Its value
is 11 x 10"6
Eyz(same) = the composite occupancy, i.e. the average number of
same~-direction aircraft occupying segments of length
2 Sx on the 4 flight paths nearest to the flight path
of a typicsal aircraft. A slightly cautious estimate for
this parameter is Eyz(same) = 2 Ez(same)a In Appendix
2h of the present Summary a distribution function of
Ez(same) is specified, which has a central value of
0.73
= the along-track criterion for proximity. As in previous
cases a value of 120 MM is used
]AVl = the average of the absolute values of the relative
along-track speed between a pair of same-direction
aircraft about to collide. As in previous cases a value
of 13 kts is used
| 71(60) = the average of the absolute values of the relative
across-track speed between a pair of aircraft nominally
separated by a lateral distance of 60 WM, at the moment
they are about to collide. For this parameter a value
of 47 kts can be read from figure 1.16 of the Summary

of discussions of the fourth meeting.

I = the average of the absolute values of the relative

Ne

vertical speed between a pair of aircraft about to
collide. As in previous cases a value of 1 kt is used.
)X = the average effective aircraft length. is in previous
cases a value of 150 feet = 0.02Y i is used
Ay = the average effective wing span. As in previous cases
a value of 150 feet = 0.0295 I is used.
x = the average effective aircraft height. As in previous
cases a value of 40 feet = 0.0066 {7 is used.
2.1.3 'The only parsmeter for which no dagreed value exists is Py(lOOO),
%
A discussion on this parameter is given under Agenda item 2 in this
Summary. Because of the way in which the information is presented in
Appendix 24, it is more convenient to present eq. (l) in a somewhat

different way:
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where
Naz(lOOO) = the collision risk due to loss of vertical separation

in a system using 1000 feet vertical separation for
same-direction traffic. lhis gquantity is discussed
under Agenda item 2 of this Summary.

P (0) = the probability of lateral overlap for aircraft
nominally flying on the same track. A value of
0.0012 is used in Appendix 24

|y| (0) = the average relative across-track speed between a
rair of aircraft nominally flying on the same track.
A value of 20 kts is used in Appendix 24.

Substitution of the values given above in eq.(2) gives:
Naz(looo) )

N
ayz
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2.1.4 Bgquation (%) states, that a system with composite geparation

with same-direction traffic only is 31 times safer than the corres-

ronding system with a vertical separation of 1000 feet. When inter-

preting this eguation, a few points must be kept in mind:

+

1

in the track system will remain on the same track snd flightn
level during their complete flight in the Ocean areas. 1in
sections 2.2 and 2.3 the added risk of changing levels and/or
tracks is calculated.

ii) the value of Naz as calculated in Appendix 24 depends on the
period between recalibrations of the static pressure error.
The ratio of %1 only applies for comparing risks for which the
same period between calibrations is usea, 411 aircraft receive
a check, if not a calibration, of their static pressure er%or
before delivery by the manufacturer. If the service life of an
aircraft is estimated to be 15 years, then aircraft which are
not recalibrated during their service life should fall in the
category of aircraft with s perdod between recalibrations of

15 years. The figures for that period between recalibrations

i) in the calculation it has been assumed that all aircraft flying




-A-6

O

will be used in the analysis below.
111) in previous collision risk estimates all parameters in eq. (2)
T have been represented by single figures, not by distributions.
The value of %1 can therefore be regarded as a fixed value.
2.1.5 The confidence distributions for Nayz can therefore be derived
from the lines labeled t = 15 years in figures 2.2b, 2.4 and 2.5
of Appendix 24 by dividing the figures on the horizontal axes by
3Ll. If the 90 % confidence level is used, as in the analysis of
lateral separation in the Summary of Discussions of the fourth

meeting, then the estimated value of Nayz will be:

-~ 0.12 if the very nessivistic assumption of a level tail to 1200
feet is used for the static pressure error

- 0.027 if the assumption of a. level tail to 800 feet is used for
the static pressure error

- 0.0006 if the optimistic assumption is made that the static

pressure error will never exceed 300 feet.

2.2 The additional risk of changing flight levels

cn the same track.

2.2.1 If an aircraft in a composite track system climbs 2000 Ieet
to the next flight level on its track, while the flight paths
which are passed within 60 NM on the adjacent tracks are unoccupied,
then there is no additional risk. If the flight paths on the
adjacent tracks are, nowever, occupied then there will be some
additional risk. This will be calculated in this section.

2.2.2 1If the average rate of climb of the aircraft during the
transition from one flight level to the other is Z, then there will
be a period of EEE_ during each climb of 2000 feet in which the

7
c¢limbing aircraft has vertical overlap with an aircraft flying
on an adjacent track. During this period the value of Pz will be 1.
If the average number of climbs over 2000 feet per ocean crossing
is p and if the average duration of a flight in the oceanic ares is
3+25 hours, then the average proportion of the total flight time
that this vertical overlap exists with an aircraft on an adjacent
flight path will bve v

2 Azep
5.25 7

The added risk per 107 Tlying hours due to these Periods of verticagl
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overlap will then be

2 )Z,p 7 }X Eﬁﬁ [§1(6O) Z

AN = ——— , 10" ==, E_(same).P_(60).{— 4 o— + oo(4)
ayz 3,25 % s,y ¥y 2A 2N 2X

where

Ey(same) = the lateral occupancy. A cautious estimate for the most

probable value for this parameter can be calculated from
figure 1.19 of the Summary of Discussions of the fourth
meeting. This value is 0.61.

This added risk replaces the normal risk during the total duration

of the climb. This total duration of the clipgbs over 2000 feet

(= 0.33 NM) takes a proportion of the total flying time of

0.75p

3.25 %
The fotal added collision risk for a system with composite separ-
ation, in which the average number of climbs per ocean crossing is

P, will be

N' == AN’la - -Q.Lii—P“ _'N

ays ya 5.25 4 ayez

i £ i C ! " o 2 o ©
where Nayz is given by eq. (1) and AN ayz is given by eq. (4)

222 If the average rate of climb during transitions from one
flight level to another at cruising altitudes is taken as 400 feet/min
(about 4 kts), then the added collision risk per 10/ flying hours

due to transitions to other flight levels will become

N = (0.018 - 0.025 N T
ayz = ¢ 5 W,yp)ep (6)
If it is assumed that the average number of climbs over 2000 feet

will be 1 per ocean crossing (which is much more than practice

shows at present), then the 50,; confidence level of the total collision

risk (N 4+ H! ) will be:
ayz

aya

- 0.14 if the very pessimistic assumption of a level tail to 1200
feet is used for the static prewsure error

- 0,044 if the assumption of<a level tail to 800 feet is used for
the static pressure error

~ 0,019 if the optimistic assumption is made that the static

pressure error will never exceed 300 feet.
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2.3 The additional risk of changing tracks on the same
flight level.

2¢3.1 The changes of track over 120 NM at the same flight level
can be treated in the same way as was done for the changes of
flight level on the seme track in the previous section. The added

risk during periods of lateral overlap will be

. | vl 5 0zl
AN;;Z = 23{ 1 447, ég_.mz(same) .PZ(lOOO).{ ”)L 2% + 2§Z} e (7)
3.25 3 X Y

where q = the average number of changes of track over 120 NM per
ocean crossing.
Blimination of PZ(lOOO) in eq.(7) can be done, as in section

2.1, by dividing by Naz(lOOO). This gives

Tavl 3 A
AN 2A . 1 2 ) WY
LS = b jL N )
N (1000) s.25 3 Ep0)7 Ty ovi, 171 (o) , T2l
az A 2Ay 2A7

2.3.2 This risk replaces the normal risk during the total duration
of the transition. This total duration of the lateral transitions
over 120 NM takes a proportion of the total flying time

325 y
The total added risk due to transitions over 120 Wil at the same

flight level therefore is
[}

N = ( ayz Naz<lOoo) _ 120 g ) N
ayz Naz 1000) ° N

ayz 3.25 ¥

ayz
t '

r / ) is gi . \ O is
where ANayZ /kaz(1ooo) is given by eq. (8) and Naz(loto)/Nayz i
given by eq. (2).

2.3.3 A cautious value for y can be found if it is assumed that the
transition from one track to another will be effected Just within
 the period between 2 reporting points, i.e. 10 degrees in longitude
or about 400 NM at the normal latitudes of North Atlantic traffic.

Then
. 120

y = 266 . 480 = 144 kts

Substitution of the values for all parameters in eq. (9) gives as
the value for the added risk due to transitions to other tracks at

the same flight level




5-A~9

Nayz = (0.38 x 31 - 0.26) N‘ijZ . q = 12 x Nayz Xq o o o oo . o(10)
2.3.4 This means that, if on the average 1 such transition should
occur per flight, tuhe collision risk would be increased by a factor
of 13. As such transitions will, however, only occur very seldon
in normal ocean traffic, the value of g will be much lower than

one. The added risk will therefore still be small.
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Progress report on the evaluation of the performance-check
method for monitoring the static pressure error of commercial
aircraft. NLR Memorandum VM-68-22.
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b, Summary of Agenda Item L4: Review of progress made in the assessment of longie
tudinal separation in certajn parts of the Region,
including the possible use of DME for the assessment
of such separation

L.l Introduction

k,1,1 The Group had before it working papers on the estimate of collision
risk in the longitudinal case: these covered the case where aircraft had
monitoring devices, and the case where they did not. TPapers were also presented
concerning the ATC mechanics of implementing a monitoring system.

4,2 Reduction of lLongitudinal Separation Standard without Monitoring Devices

4,2,1 The Group considered the question of procedural longitudinal separa=
tion without monitoring. The UK presented the results of RAL work on this subject
and this is included in Appendix b-A. Because the time available for discussion
was limited, the assumptions contained in this Anpendix were not exhaustively
examined, but the Group thoupht that the basic assumptions appeared reasonable.

L,2.2 More significantly, it was appuarent from the RAE work that the data
sample used (obtained from the 196708 NAT data collection exercise) was insufe-
ficient to draw firm conclusions. Thus, although Table 6.1 of Appendix k<A
indicated that no pair of aircraft which were planned to be at intervals up to
thirty minutes apart on the same track in fact lost more than ten minutes of
separation, the sample size was limited to 132 pairs. If data on pairs up to a
nominal sixty minutes spacing were included, and if losses as well as gains were
taken as representative of chanpes in separation, and some additional data which
is available were examined, then it might be possible to get a total sample size
of about 1000 pairs.

Lb.2.3 However, it was pointed out, for example, that in order to ensure
matching up to the tarmet level of safety which had been set by the Group for the
purpose of these stndies, the probability of catching up 1h.5 minutes would have
to be less than 1 in 10 Ou0, 1t followed that this number of proximate pairs
wenld nead tn he avamined, n» mare for a hirk level of confidence. The ‘iroup
estimated that this mipght require data collection for a period exceeding three
years, by which time the changes in aircraft equipment mipght make the data
obsolete. The amount of data required would be about ten times that obtained

during the lateral exercise.

b,2.4 The limitations on availability of relevant data in sufficient
quantities made longitudinal separation less amenable to scientific analysis
than vertical separation, which for the same reason was more difficult than the
lateral problem

L,2.5 In these circumstances . .the Group decided that it was not desirable te
proceed with data collection at this time to validate a change in the procedural
longitudinal separation standard in the NAT Region.

L,3 Reduction in Errors in ETAs at the Oceanic Boundary

L,3.1 At present the air traffic controllers tend to allow for errors in
the oceanic boundary ETA given by pilots before their entry in the oceanic area.
This is done because such errors occur rather frequently. A more precise estimate
will permit such allowances to be reduced, and therefore can help to reduce the
effective spacing. It was apparent in discussion that the problem was less at
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the western oceanic boundary than in the east, probably because of the shorter
distance from Kuropean terminals to the oceanic boundary. The U.K. informed the
Group of procedures that were to be instituted by Shanwick in 1969 which, it was
hoped, would improve the situation. These procedures are as follows: Aircraft
when calling Shanwick for clearance will be asked to advise the time they passed
their last reporting point. Shanwick will then calculate ETAs for the relevant
oceanic entry points. It was hoped this practice would produce more accurate
ETAs and lead to more efficient use of the airspace in the North Atlantic Regione

b,h Reduction of Longitudinal Standard with Monitoring Devices

b1 The Group then reviewed a working paper presented by the U.K. which
reflected work done by RAE in estimating the effects of using DME to monitor
longitudinal separation. Although only a limited amount of time was available

for discussion the U.K. llember pointed out that the entire study was based on
the following assumptions: that pilots would take action if separation was

reduced to 4O NM (approximately 5 minutes flying time) and that it was reasonable
for such action to be required on 1% of crossings. The effect of these assumptions
is that a minimum separation of 9 minutes between reported entry times would be
possible instead of the present 15 minutes (plus 3 minutes per 0.1 Mach in both
cases). The system would provide a useful increase in capacity without requiring
an unacceptable amount of throttle adjustment. The RAL study is attached in
Appendix L-B,

h,b,2 As it is necessary that the monitoring system (DME) has a
reliability of almost 100%, a study of the reliability of DME modified for
operation in an air to air mode would have to be carried out before finalizing
any plan for implementation.

b3 The Group then decided to discuss the general philosophy of

monitoring longitudinal station keeping as a means of reducing the separation
standard., It was pointed out during these discussions that in view of the efforts
presently under way in the area of Collision Avoidance Systems (CAS3) and lroximity
Warning Indicators (I'WI), satellite communications and surveillance systems, the
the relative time_scales should be examined closely and the cost/benefit aspects
derived accordingly.

bbby Although the Group did not feel that it could recommend any

speclfic action at this time, IATA and IFALPA were both anxious that the door

be left open to further study of the subject. IFALPA and IANC held as a matter

of major importance in maintaining standards of safety the development and

service testing of any such device which showed promise of reliably monitoring
separation between aircraft. The Group felt that some of this further study

might be correlated with analytical studies of other methods of monitoring
longitudinal separation or with work on CAS/PWI systems. It would also be

necessary to study the technical problems of alrcraft equipment fit in order

to ensure that the cost of the system could be justified.
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ALERNDIX f-A

Methods of bkstimating Collision Risks associated with Procedural
Longitudinal Separation Standards

1 ITNTRODUCTION

This Appendix develops a theory of collislon risk for lengitudinal separatien
standaras and presents the resultls of some preliminavy analysis of date from the
1967 exercise, At first sight it seems unlikely thet sufficient data could be
enalysed to assess collision risks accurately. It also seems unlikely that it
would be safe to reduce the atandard {rom the present value of 15 minutes to

10 minutes,

2 DESCRIPTION O "fills CONTROL 3YSTEIM

The method of calculating collision risk described in this paper is
applicable to o system in wnicii the longitudinal separation standard is applied
to times as reported by aircraft at the start of each track (by re-clearing
if nccessary after recciving the aircraft reported times) but subsequent times
reported by aircraft are irnored and reliance is vlaced on aircraft maine-
taining {iled Mach numoers to avoid total loss of lon-itudinal separation., It
is assumed that where the sccond aircraft of a pair is cleared at a higher Mach
nunber the sepurction applied at the entry point is increcased by 3 minutes per

0,01 Mach in accordance with current practice.

'he system as described above differs from current Mach number techniques

in that times reported by aircraft in mid-ocean are irnored,

3 Tells COLLIGTON RILW BQUATION

501 Collision risks for the longitudinal caso are given by an equation
4
similar to those for tho lateral and vertical cases, i.e,
B 7 FYR S
Nax = 2 X 10 Trx(std>Py(O)Pz(O) [ﬁ; + 2Ay & E‘X‘; @aoooeaoaoooseeeso'(}O‘i)

3.2 Nax is the expected number of' accidents per 10 million flying hours, due
to fuilure of longitudinal separation, cach of the terms on the right-hand side of

equation (3.1) is discussed briefly below,

3.5 Py(O): Probability of lateral overlap

3.0.1 Py(O) is the probubility of lateral overlap (i,e, lateral
scparation leas than o wingspan) for o pair of aircraft assignod to the same
truck, This quahtity wos colculated from a distribution of track-keeping
errors calculated at the pourth NATAIGMeeting as reproscnting the navigation
perlornanco over the aroa, Tho distribution, caleulated as described in
sections 1.4.5.1.2 and 1.4.5.1,5 of sefercnce 1 is a weighted average of
distributions observed by differcnt radars, From this distribution tho value
?Y(O) = 0,0012 was calculated,
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5.3,2  The fact that this value is so small shows that aircraft derive
considerable protection from "longitudinal collisions” because of thelr poor
truclk-keening ability in the NAT region, The risks would be larger if
nuvigation wore more preciue The increasing use of Doppler would increase
tho risk only slightly, but the effects of introducing inertial navigation
may be eignificantly large. Some thought should be given to the end of the oceanis
trock where aircraft coming off the ocean will navigate more accurately over

& VOR, although this will be outside the coeanic control aroa,

Sole P (0): Probability of vertical overlap

30l PZ(O) is the probubility of vertical overlap (i,e. vertical
separation less than aircraft thickness) for a pair of aircraft assigned to
the same fiight level, 'The Uroup sgreed at its Second Meating to retain a

valve of 0,25 for this paramcter,

5.5 7 (std): Probability of longitudinal overlap

w_(sta) h'mepmmMﬁM@xUmt&twﬂwlahmmﬁthmsmmﬂmrahwmfm
assignéd to the same track and flight level, with longitudinal overlap (i.e,
longitudinal separation less than an aireraft length)., Methods of estimating
'Wé(std) will be discussed later in this paper,

3.6 gkx: Avcrage sircraft length

The collision risk equation in Refercnce 2 used a parameterJL which was
LnuOndDd to represent the length ‘of an average aircraft, adgustca ;f necessary
to wllow for fotel accidents coused by vortex venetration. The cvidence from
results of flight tests conduclted by the United States and Canada did not
reveal sipnificant hozards, Yurther investigation is required before firm
conclusions can be reached, The NAT/SFPG agreed at its Fourth Meeting to assume
thot the vortex hazard is negligible and takea&x as equal to Xx the netallic
Length of an average aircraft which is taken as 0,025 NM (150 feet) as
speeified in parugraph 4.15,15.1 of weference 2,

5o A ¢ aversge effective wingaspan

>Ry is taken as 0,025 NM (150 feet) as laid down in 4e15,13.1 of

Reference 2,

5.8 %z: Average effective heipght of an aircraft

A, 18 taken as 0,0066 NM (40 feet) as laid down in 4,15.13.1 of

e fereance 2,
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3.9 lyl. Averape rclative across-track speed

\y } is the average relative across-track speed of two aircraft, assigned
to the same trock, about to collide, A value of 20 knots is taken,as laid
down in L.4.2.1 of Reference 1.

3,10 15l Average relative wvertical speed

|§l is the average relative vertical speed of two aircraft about to
collide, {zl is taken as 1 knc,us specified in Section 4. k. 2.1 .3 of

Reterence 1,

5,11 L&) Averape rolative along-track speed

1 %1 is the averuge relative along-track specd of a pair of eircreft
which collide due to loss of longitudinal separation, The group agreed
(4o4.2.3.1 of Reference 1) that the value of 13 knots used for lateral and
vertical collision risk canlculations was not appropriste to longitudinal
separation since % must be larger if longitudinal separation is to be lost
during the period taken to cross the MNAT OCA, Hethods of estimating !;\ will

be discussed later in this paper,

3,12 Collision Risk

substituting the numerical values above into cquation (5.1) one has:

x
. = 2x 10 T 0.0012 x 0,25 | L, 20 N )
0.0Y 0,05  0,013%2
Thus :
/ el
Ny = 120000 T (L&b & 25.8) toveiivinviiiiiiiiiierennnnenenneennns (3.3)
L PROBLBILITY 0F LOLGITUDTHAL OVERLAPR

ot The proolem of cstimating the probability of loss of longitudinal
separation is differeit trom Lhe corresponding problems for lateral or
verticalbsepurutione In the vertical cuso for example, if the scparation
standard vere 1000 feet, any puir of aircraft would bo assigned flipght levels
which differed by zero, or 1000 fcet, or 2000 fect, and so on, and the "vertlcal
collision risk" would ve duc almost entirely to pairs with a nominal separation
of 1000 feet, “tho longitudinil case is different because if for example the
minimum standard werce 1) minates aircraft oould be put into the system with
nominal separations ol 1Y, 16, 17 or 18 minutes and so on, with significant
and differont contributions tn collision risk from each of these separations,
Thus it is nocessary Lo culculate how likely each of these scparations is

(i.c. a sct of numbers, or o continuous function) instead of a single number

(occupancy or proximity) associated with u single possible separation,
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.2 Thus lInstecd of a single number Exbane has a aet of numbers Ex(m) which
denote the probabilitiecs that tho time reported by a typical aircraft at the
beginning of thoe track differs from that of the noxt ollowing aircraft on the
same poth, after adjusting for Mach number difference as deseribed in Scetion 2,

by m wminutos,

o3 The distribution of separation loss, after adjusting for Mach number

difference has a probability distribution function denoted by Px(u).

hel These two distributions have to be convolved to give the probability
distribution of the actual resultant separation., It is likely that the
separation loss will be correlated with initial separation and thus that the

estimates obtained will be pessimistic,
L5 rormally

f(}f) = E Ex(m) P,){ (m""x) D66 BESE 000 0CE0ODOOOCOOODOOBDC0OO0000E N (4-01)
n

where f(x) is the probability distribution function of the resultant separation,
TTX is the probability that the separatior. of a typical aircraft from
the following aircraft has shrunk to less than,&x, plus an equal quantity for the

probubility of overlap with the preceding aircraft,

h,6  Thus apparently j\x

L (std) = QJ. £(x)dx
A

4

% QJXX £(0) assuming f£(x) is a reasonably smooth function,

.7 However 4t must be remembered to allow for the fact that the data on f(x) will

be in minutes and so )xx must be expressed in minutes of flying time.
An averape speed of & miles por minute is assumed, so

AL 0,05 on
v m’gﬂ’m = 0,00)12) minutes

al’]dﬁx(std‘): Owo.izﬁ f(‘o) QGG.i!EDDB6DGNE.0090"#0@"005"8°Q¢9.Q.G.'..(L‘.z)
ho8  Using equation (A.1) to substitute for f£(x) in equation (4.2) one obtains:

BETK<Std) = Oa0125 Z Ex<m) Px(m> ©OQOO6BO000OEOOBEC0Q0E 000060000008 (493)

4,9  Collision risk

Substituting this expression for 7Tx(std) in equation (5.3) gives:

S 1500 (I%1 4 23.8) 2 B () B(1) wvvveerrreeonneeenenn (o)
m .

N
ax
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This expresscs the collision risk in terms of' the relative speed %

and the convolution of two functions:
(i) B, the "longitudinal occupancy distribution"
(ii) P the "loss of separstion" distrioution,

4.10 leuristic explanation

For any given value of m, E (m) is the probability that a pair of
successive aircraft start. off with m minutes nominal separation, and Px(m)
is the probability that they lose (m +0.%) minutes separation., Thus if these
two events are indepondent the probability that both occur and the aircraft
are abreast (within 0.5 minutes) is Ex(m)Px(m)“ To find the probability of
the aircraft being side~by-side one nust add up the probabilities for all
permissible values of m, i,e, for all values greater than or equal to the
separation standard, In this way one obtains the probability

% 5 (m)P, (n)

and the collision risk is proportional to this expression,

5 LONGI'TUDINAL OCCUPANCY FUNCTION Ex(m)

5.1 Ex(m) is a set of numbers which denote the probabilities that the
reported time of a typical aircraft At the beginning of the track differs
from thut of the next following aircraft on the same puth, after adjusting

for Much number difference as described in Section 2, by exactly m minutes,

5.2 A rcasonable upproximation for Ex(m> can be deduced from Tables 7 and 8
of iteference 3. From Gable 7 (Zastbound aircraft) the original distribution
of separations is shown in Pable 5,1. (The total number of intervals can be
estimuted from Yable 1 of keference 2 but was in fact checked by re-processing
the data,)

Table 5,1

Approximate distribution of initial scparations for Kastbound traffic
Y G _al 3¢

separation Number Proportion
15 49 0,018
16 29 0.010
17 28 0,010
18 L5 0.016
19 L6 0,016
20 Ly 0.016
21 bh 0,016
22 43 0,015
23 L3 - 0,015
2k L5 0.015
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Table 5,2

spuroxinate distribution of wroximities [or Jestbound traffic

neparution lumber Proportion
15 57 0,014
16 23 0,008
17 2% 0,008
18 26 0,01C
19 26 0,010
20 © 40 0,011
21 31 0.011
22 51 0.011
25 1 0.011
2L 51 0,011

9.3 Ihe proportions listed in the tubles are not cuite the same as the
recuired valucs ﬁx(m) since they are not quite at the beginning of the track
and no adjustment has been maue {or diiference in filed lech number, Thus

all subsecuent calculations will be rough epproximations,

vebi ws ou convenient approximation to the velues in tables 5.1 and 5.2 one
takes B (15) = E (10) = E (17) = ... = 0,01k ceviivvcnnneennnnns (5.1)

vor w diftcrent separation stundard 4t is assumed that the distribution is shifted
siduways,  rdor example if the minimum sesarction standard werce 10 minutcs one
should have

8 (10) = E.(11) = EX(H) = eeeee = 0001k wuiiiniiiiiennenss (5.2)

e Collision wisk for 1967 Pruflfic

suvstituting the value from cquation (,.1) for Ex(m) in couation (L.l4)

one obtains o
N = 1500 ({}Z: + 25,8) Z 0.014 P_(m) cereionooanes (5.3)
ax X g
n =15
and thus oo
N = 21 (Il + 23,8) Ez. P (m)
wx e x
m =15
so Liat

i

- 29 (Ml o+ 25.8) R L O

vihore Px (> 14.5) denotes the probability that a pair of aircraft lose more than
14,5 mimites seperution (after allowing [or dift'erences in filed nac. number)‘

souetion (H.4) may be regarded as an avproximetion to ceuation (holt).
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5.6 Collision risks for 197.9-74

To allow for-the increased traffic expected in 1969-74 (compured with

1967) the occupancy function in ecuation 5.1 should be increased to:

Ex(15) = y:x(16) = Ex(17) s . = 0,02 esereninsenesnees (5.5)

and tiie colliision risk will be increcesed in the same proportion so couation 5.4

is replaced by

= \_:— P e
N, 30 (V0 4 23.8) P (7105)  weienniiiiniiiiiiiieeieenn (5.6)
6 1058 OF PLANNCSD SeI%RATION

6.1 Introduction
In paras. 4 and 5 it was shown (not surprisingly) that the collision
probebility depends on how lixely eireruit are to lose their planned separation.
Wore formally a distribution of loss of separation Px(m) is requireqd for
red

equation (l.4) or u value of PX(7 14.5) for the approximate equation (b.4).

6.2 .nmount of data rceuired

In discussing the amount of date required, and the adequacy of existing

deta, it is convenient to use equation (5.4). Making a reusonable guess at
V%0, N, is aporoximately 1500 timcs PX( >14.,5) so for N, to be less than
0.15 (the lowcr boundary of the NALAPG tarpget band), the probubility of catching

up 14.5 minutes would have to be less than one in 10 000. To demonstrate that
such a level had been achieved in & given area it would seem to be necessary to
observe 10 000 proxinete pairs of aircraft (or more, if o high confidence level
were recuired), .owever it night be possib}e to deduce that the average risk
over the NAT Regim as a whole was within thé limit on the basis oi' a smaller
sample taken at the end of the oceanic crossing, plus an agrecd theoretical

model of the way in which the loss of separation builds up during & crossing.

6.5 lata available

Jome daiu are available from that collected during the 1967/68 data collection exdrcise

i search was made of the Gander radar data {or pairs of westbound aircraflt on

the same track and initial flight level, close together in time, lio sircraft

vies counted as part of more than one pair., 301 pairs were found with less than

60 minutes initial separation, and a sccond search fourd 132 pairs with less

than 30 minutes., Larger samples should be available later when azimuth errors

which occurred between . 28 lebruary and 31 March 1960 have been corrected,

Yor each pair the final along-track separation was calculated from the fadar

record. 7he time interval between the sightings had to be adjusted to allow

for the fact that the aircraft were not seen in cxactly the same place,
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6.4 The initiul separation was found by com:aring re.orted times at the

boundery, waich would be used by «4'C as the basis for plunned separation,

6.5  The rain of seperation is found Ly subtracting the initial separation

from the [inol separation, negative results denoting loss of separation,

6.6  ATC also has available and uses the Mach number which each aircraft is

trying to maintain, Therefore the 'unexpected gain of separation' has been

calculated which rcmuins after subtracting from or adding to the gain of

senaration an amount of 3 minutes for each 0,01 Mach number difference between

the two aircraft concerned. Table 6.1 shows the results of these calculations.
Table 6.1

Distribution of unexpected loss or pain of separation
(vViestbound Tlights)

Unexpected pain Criteriorn of longitudinal proximity
of senaration
(minutes) 30 minutes 60 minutes
-9 to =8 0 2
-8 to ~7 2 2
-7 to -6 1 5
-6 to -5 L 14
-5 to -4 7 12
- to -3 15 18
-4 to =2 15 29
-2 to -1 15 37
-1 to O 16 36
0 to 1 15 53
1 to 2 9 17
2 to 3 13 34
3 to &4 5 16
L to 5 7 18
5t 6 5 11
6 to 7 5 5
7 to 8 3 5
8 to 9 1 5
9 to 10 0 1
Total 132 | 301

6.7 Are pains typical of losses?

At the Fourth Mceting of the Group there wus some discussion of the
possibility of regarding the distribution of gains 6 seouration as ecual

to the distribution of losses, thus doubling the cflective sample size,
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The causes of sains of separation are identical witn the cuuses of losses,

but it is possible tuat pilots mirsht not notify chanpes of l.ach number so
strictly if they were sure they had no other wircrafi in front of them, and
this would make pains morc likely than losses, ‘The differences shovm in

Table 6.1 are such as mipht recsonably be expected to occur by chance, and
accordingly the best vay of using this limited data secems to be to take pains
as typical of losses, i.e. to assumo the values given are samples f'rom a
symmetrical distribution. 7his assumption could be reviewed when a larper
sample is available., Figure 5.1 on page L-A-13 is based on the third column
of Table 6.1, and shows the proportion of pairs which lost or gained more than

m minutes, after correcting for differences in Mach numbers,

6.8  Checking of larpe vulucs

All availuble details of the pairs which lost or gained more thun
seven minutes were examined cavelully, One pair which had lost 12.8 minutes
was re jected bocause they nad not remained at the sawe ilight level throughout
(but if the change had been a conscoucnce of the unexpected loss of separation
it should have been retained, to avold a "selective bias" against large

losses),

6,9 upparent ceuses of larpe pains and losses

6.9.1 Inaccurate reports at entry

From comparisons between all the position reports of' the alrcraflt-
pair it would appear in some cases thit an Incredibily large change of
senaration has ta.cn lace shortly after entering the 0Ch,  For excmple tcircraflt
renorting 43 minutes anart ot 157 revort 55 minutes anart at 20% which would
reouire & difference in Maci number of about 0.2, Trrom cxamination of the way
in which scvaration (between reported times) varies across the ocean it secms
that the boundary reported times do not rellect the truc sositions oi' the
aircreeft, the ultimate cause ér causes of Jhese errors are not yet known,

Four of thu larprest 13 values in column 5 ol rable 6.1 wrosc in this way.

6.9.2 Lersistent huchunqmpi};crqpfﬁ

The W1C data provided by chanzick  OAC includes airframe
repistration numbers for aovout 905 ot thee tights, and this infornation was
coded und out intn the couputer by K, (hile investicating loss of longi=-
tudinal separction it was theretore possible to collect toretner information
on ull aircrutt-natirs of which & particular ciclrume was o member, Thus it
would eventually be possible to d.utinguish those alreruf't which conslistently
fly [aster (or slow.r), relative to ncarvy circraf't, than the cleared lach

numbers would leud .. I'C to believe., .. preliminary list has been dravn up
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confined to those (2 airfrumes which uppcarced in 20 or more pairs. lor each

of" these the "averapge discrevancy” is calculated, .n average time discrepancy

of 3 minutes corresnonas to u Mach number error of 0,01. The distribution of

averape discrepancies is shown in table 6.2, and it is understood that, in that table,
positive discrepancies indicete that uircraft flew faster than expected. The

large values in this table have not yet been checked, In this analysis a

single flight was allowed to form part of more than one pair and a pair was

defined as within 60 minutes on the same or adjacent flight levels.
Table 6,2

Distribution of average time-discrepancies of frequently observed aircraft

Average discrepancy Number of
(minutes) airframes
-5 to =4,1 1
=4 to -3.1 2
=5 to -2.1 4
=2 to -1,1 10
-1 to =0.1 17

0 to 0.9 10
1 to 1.9 10
2 to 2.9 7
3 to 3.9 1
TOTAL ! 62

6,10 Lastbound fliphts

In some cases times recorded manually &t Kilkee are incompatible with times
reported by aircraft at lSOW. It is suspected that the times recorded by
Kilkee may be in error, as the recording of times was a secondary task
(compared with recording positions) and the clock was at a distance from the
staff and unconventionally arranged. (All 24 hours indicated sequentially
on the dial,)

Table 6.3 was compiled using automatically recorded data from Kilkee
in the same way as Table 6,1 and shows corresponding results for Eastbound
flights,
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Table 6,3

Distribution of unexnccted loss or gein of sepuration

(fastbound flights)

Unexpected sain Criterion of longitudinal proximity
of' sepuration .
(minutes) 30 minutes 60 minutcs
-9 to =8 0 2
-8 Lo -7 2 2
-7 to -6 3 7
-6 to =5 5 9
=5 to =4 11 15
=4 Lo =3 5 7
=3 to =2 11 17
-2 to -1 15 27
-1 to 0O 20 30
0 to 1 14 55
1 to 2 13 27
2to 3 11 23
3 to 4 9 15
L to 5 4 b
5 to 6 2 L
6 to 7 2 7
7 to 8 3 3
8 to 9 2 1
9 to 10 1 2
TOTAL 133 237
7 RELATIVE ALONG~TRACK SPEED
7.1 % represcnts the relative wlong-treck specd of o puir of wireruft

about to collide duc to loss of longitudinul scpuration,

such ¢ puir must have o larpe averare reletive specd in order to lose

separation, but the rcletive specd may be reduced as tue puir close up and

umbient conditions bucome more ncarly equal,

It 1s clear thit
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7.2 cstimates of % were made for the pairs giving the largest values

(7 minutes or more) in Teble 6,1, Some of these cases occurred essentially
because an expected change of separation had not tuken place, so the % values
were not relevant., In the other cases the average value of % was only

16 knots, This is not an accurate figure as it is difficult to estimate speeds

accurately from Gander redar records, because aircraft switch to a domestic
S3R code soon after entering radar cover,
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APLITIDIX h-B

Estimation of the Bffects of usingr UME Lo monitor Lonpitudinal Separation

1 INTRODUCTION AND SUMMARY

1ot In this Appendix the data collected during the 1967/68 exercise is used to
asseas some aspects of a possible system using DME to monitor longitudinal
separation over the Worth Atlantis,

1«2 It is estimated that,if the minimum separation between reported entry
times were 9 minutes (plus 3 minutss per .01 Mach as at present ), the
proportion of aircraft olosing up to within 5 minutes and requiring to take
action to maintain separstion will he about i per cent., This is thought to
indicate that the system will provide & useful inoresse in oapaocity without
requiring an unacceptable amount of throttle adjustment,

1.3 One requirement for the aystem to be safe is that a loss of goparation
requiring action should be conapiouously displayed to the pilot.

1ol The study is equally valid for other methods of monitoring longitudinal

separation, for example by satellites or oocsan platform redars.

2 DESCRIPTION OF THE SYSTEM JTUDIED

2,1 This Appendix describes Lhe assumptions concerning the nature of the

system which are necessary to the study.

2.2 1t is assumed that the propoced system together with the proposed DME fit
would ensble a pilot to continuously monitor his distance from the
preceding alreraft on the same track, unless the aireraft concerncd were

50 far apart that he could never catch Uupe

2,3 One of the parameters of the aystem would be an "sotion threshold", and
whenevér gseparation fell bolow this level the pilot would be required to
reduce speed to maintain this separation, and probably to inform ATC., This
threshold value would probably be determined by the requirements of the
transition ersa &t‘ﬁhe end of the oosanioc aresa. Provisionally a value of

O minutes flying time (LU 011) is assumed.  The threshold value must be
large enough to allow the pilot to avosid a collision, but at the relstive
speeds likely to ocour this is a less exacting requirement, Even with a speed
difference of ,06 Mach (36 knots) he would bave over an hour to avold &

collision,

2.4 It is uneoonomic to fly an alrcraft below its optimum speed, and
distracting to have to continuously adjust the airsreft throttle, It is
therefors assumed that airoraft entry times will be geparated by at lesst
an "entry minimum" value, which will be larger than the "action threshold"
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and will be chosen so that the action threshold will be reached on only
about 1% of flights. Since the entry.minimum is not determined by safety
requirements it would be possible to find the optimum value by a process of
trial and error, if a record wore kept of ococasions when the action threshold
were reached, However it is very desirable to estimate the "entry minimum"
at the prosent time, to ald decisions on whether the system is worthwhile,
and this will be di:cussed in this Appendix.

2.5 It is assuwed 'hot APC will continue to allow for differcnces in cleared

Mach number by edding 3 minutes per 0,01 mach to the "entry minimum" when a

fsster alrcraft follows a slower one,

2,6 Since a pllot will only be required to react to the DME about once per
100 crossings, it seama quite likely that he could overlook an indication of
danger unless the system is carefully designed to ensure that the equipment
is correctly used, and infringement of the action threshold conspicuously
displayed in the cockpit,

3 PROBABILITY THAT ACTION IS8 REQUIRED
3ol In this Appendix ib is Ciret acswied tnat the Mentry minimum' stanaard is
10 wminutes and the proportion of aircralt which will reach the "action threshold”

and necd to take corrcctive action is calcultated therefrom. py repeating the

oaloulations for other values of "entry"minimum" the smallest value meeting

the 1% criterion can be found,

3.2 Distribution of initial proximities

In Appendix h-a it win shown that the distribution of intervals between

aircraft entering the ocean ocan be approximated by

B, (15) = Ex (16) = By (17) = 0.014 (3.1)
If the minimum entry interval were 10 minutes instead of 15 one might assume

that

Be (10) = By (11) = B, (13) = 0,014 (3.2)
but this may be optimistic and it seems more prudent to assume that the
reduced standard will snable more aircraft to be put on each path so that

Ex (10) = E. (11) =B (12) = ..... = 0,021 (3.3)
and that the expected increase in traffic between the data collection period
(1967) and the DME implementation period (1969—74) will increass these values
in proportion to the traffic to

By (10) =B, (11) = E_(12) = ..... = 0,03 (3.4)
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3,3 A proportion 0.03 of westbound aircraft will start with a ten-
minute gap ahead of them (after allowing for the Mach number difference)
and of these the proportion reaching the '"asctiocn thresholid" will be the
proportion catching up more than 5 minutes before reaching Gander,
From Fig., 4.1 of Appendix 4=A this proportion is 0.5 x 0,14 = 0.07.
Similarly a proportion 0.04 of those asircraft starting with 11 minutes
separation willi reach the "thresholid". The total proportion of air-
craft requiring to take action will be

0.0% (0,07 + 0.04 + 0,02 + 0,01

or about O.4%,

3eh A similar calculation for an entry minimum of 9 minutes gives
the initial distribution

B9y = B, (10) =B (11) ..., = 0,033 (%,5)

the "action threshold' as

G575 (G 12 + 0.07 + 0,04 + 0.02 + 0,01)

or about 0.9%.

L, CHAZN REACTIC

h,1 It has been suggested by several people that a situation might
occur in which s chain of ten or twelve aircraft were spaced along a
path ot five minute intervals, each pilot constantly adjusting speed
to maintain separation. This didea is probably suggested by experience
of car-driving. It will be shown ithat such an event cannot occur,

because the entry minimum is larger than the "action threshold',

L2 To reach the "action threshold" the second aircraft must calch
up 4 minutes on the first (assuming an entry minimum of 9 minutes and
an Yaction threshold" of 5 minutes). A third aircraft would have %o
catch up % minutes on the second aircraft, zo for a chain of three
aircraft, each one of which opsrating at the "action threshold"™, the
third aircraft would have fto zain & minutes relative to the first,
Similarly if four aircraft were cleared onto a path 2t 9 minute inter-
vals (an extremely unlikely event) they would not form a chain unless
the fourth aircraft gained 12 minutes relative to the first. For a
chain of 10 aircraft to form, the 10th aircraft would have to catch

up 36 minutes on the first aircraft, requiring a difference in speed

of about 0.12 Mach., It is therefore concluded that the formation of
long chaing of aivecraflt, each operating on the "action thresheld" is

impossible.
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S Summary of Agenda Item 5S¢ [Review of the criteria for the
ansesnment of aystem performance

561 Introduction
5¢101 Under this agenda item, the Group reviewed a paper presented by the

United Kingdom member which daescribes the method used and the resultas obtained from
an analysis of data obtained during the NAT Data Collection Programme of 1967/68 ae
regards deviation penalties lmposed on individual flights in the NAT Region by air

traffic controle

56142 The method used for the analysis by the United Kingdom is briefly
described in dppendix 9=A and the resulta of the analysis as well as the major
points raised in the dimcussion of this subject are given below,

Hel kesults of analysis

562061 The United Kingdom developed a somputer programme which completes
all the nteps of the analysis described im Appendix S-A. From the raw data obtained
from forms 1-D of the NAT beta Collection Provramme, the Proygramme estimates the

ATC penalty for each flight in terms of extra distance flown and average height
deviation. 1t constructs a histopram showing the proportion of flights which suffer
each particular combination of horizontal and vertical deviation. It then estimates
the fuel penrlty for each flight. Irom the distribution of fuel penalties, the
Programme computes the ATC  fuel reserve increment. lor this part of the Programme
the data processing used was that contained in an RAE  study of transatlantic fuel
reserves (see bo.3 in Appendix 5-B) and which computed the reserve requirements for
Boeing .07,

560 From the output of this Prag?amﬁeg the *LOW®, *MID®' and °*HIGH®
cost entimates were computed, as defined in Appendix 5-A.

Heed During the development of this Programme, it was applied successively
to samples of 200, hGU, 7C0 and 1600 fliphts, chosen at random from those flights

on which data regarding the "ideal' er "requested' track or level had been supplied
on the backas of forms 1-D. ‘The results of all these runs, whether expressed in

terms of cost, fuel reserve or general pattern of deviations are very similer. This
supprentas that the sampling error is small. For this reason, although a somewhat
larper sample could have been taken, it was thought that the sample size of 1600
flights was sufficient, and tne followine roesults refer to this sample.

50,0 The mean value of the penalty was t .17 minutes and that of fuel
penalty 1182 1b. the corresponding "LOW' cost penalty per flight is $36. 90. The
fuel reserve increment required to cater for ATC needs is 3188 1b. The cost of extra
fuel burnt because of the weight penalty was estimgpted as 320,10, The *'MID' cost estimate
is thus 457 per flight.

HeloH The method of entimatinmg the "HIGH' cost is alightly different from

thnt deseribed in the report mentioned under No.l in Appendix 5- By, This is because

in this regard reference ls made to fuel reserve incremenis above those ecarried in

the present system, while, when estimating the "HIGH' cost, one is concerned with a

fuel quantity already included in the current fuel reserve level, In effect, one
considers what averape increase in revenue ¢ould be obtained 1f the fuel reserve ceould be




o=2

reduced by 3188 1b (say by a hypothetical reduction of oceanic separation standards
to zero). The resulting estimate of revenue penalty is $16.50, The total of *HIGH®
cost 1s thus $73.50 per flight.

53 Comparison with Theoretical Model

5.3.1 The simplest theoretical model of the Atlantic system is one where

it is assumed that all traffic plies between a single pair of terminals and moves only
in one direction at a given time. The resulting distribution of aircraft among tracks
and flight levels can then be estimated by means of formulae derived from the queuing
theory. The cost penalties are derived from the distribution. To apply these formulae
an estimate of the flow rate is also requireds A figure of 20 aircraft/hour has been
assumed as a reasonable estimate of the busy-hour rate during the period in question
(No.4 in Appendix 5-B refers)., The simple model then gives the following penalties.

‘LOW' cost s 1‘17»90
"F'uel reserve increment - 2L2Lh 1p
"MID' cost - 133,20
"HIGH' cost - 45,80
50352 The results from the NAT data study in terms of 'HIGH' cost penalty are

thus 60% greater than those arising from the simple model. Possible réasons for
this discrepancy are discussed below.

5ol Opposite direction traffic flows

S5cbol The east-and-westbound transatlantic flows are net completely
separate in time but there is an appreciable overlap. On some occasions the two
flow streams will be separated in space by wind effects, but not when the wind
speed is small or when it varies little with latitude. Studies of the traffic
flow when eastbound and westbound flows coincide have been made and it was found
that the resulting distribution of aircraft among paths is less optimal than when
the traffic flows are clearly separated.

5.4.2 It has been found that when the traffic flow is divided in a ratio
of 20% to 80% for each direction along the same track, the cost penalty is about
20% greater than that when the two traffic flows follow two different tracke,
Since the situation where the two flows of traffic follow the same track occur

for only part of the time, the overall increase in penalty for this reason will
however be less than stated above.

565 Multiplicity of terminals

55,61 Because of the large number of terminals on each side of the
Atlantic, the preferred tracks for the transatlantic flights on any given day
will normally not be parallel but will intersect each other at a variety of
angles, usually small., It is the practice of ATC to smooth out these tracks
into an organized track system, representing ‘the greatest good for the greatest
number', Yor any flight whose planned track is not coincident wit" one of those
of the track system, there will be a built-in penalty, even though it may be
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assigned the best possible track of the system. A simple geometrical treatment
shows that this penalty is proportional to the square of the angle of intersection
between the planned track and those in the organized track system. Where this angle
is 50, the study shows an average penalty of 2.7 minutes extra flying time. This
will correspond to the following penalties:=-

PLOV' cost estimate - #18.50
Increment of fuel uplift - 475 1bh,
'MID' cost estimate -~ $19.60
"HIGH' cost estimate = $20.50
5¢5.2 Bearing in mind that angles of intersection exceeding 10° are possibli,

it appears that this particular penalty may account for much of the difference between
the results obtained from the NAT Data Collection Programme and the simple model.
Two points which support this contention are:

i) Detailed study shows that there is a
greater spread in distance flown in actual
operations than was obtained from the theoretical
model., The vertical distributions of aircraeft are
more nearly similar.

i) Analysis of aircraft deviations shows that the number of
deviations resulting from the inability of ATC to
comply with pilot's request after take-off is much smaller
as repgards horizontal deviations and therefore result in a
lower cost penalty. This is to be expected since pilots are
aware of the track system and their requests are made in
relation to it. 'The study based on the NAT Data Collection
Programme was however based on filed flight plans-and willtherefore
include the penalty for any diverpgence between the planned
track and that eventually assipned in the organized track systems

5653 To obtain further information on this aspect the programme has recently
been extended to cover primarily "fringe routes', i.e. flights which follow a track
which, because of its orientation cannot be integrated in the orpanized track system
and intersect the main traffic flow on this system at eppreciable angles. Initial
results obtained so far seem however to indicate that the penalties imposed on those
flights are less than those for flights following the main flow.

5.6  Summary of the study

5.601 The results of the study of deviation penalties show that the simple
theoretical model developed by RAL somewhat under-estimates the deviation

penalties in the system. llowever a logical extension of this model taking sccount of
opposite direction traffic streams and the multiplicity of terminals should adequately
represent the system for the purpoesée of estimating penalties.

5.9 Discussion of the study

5¢761 . When discussing the study presented by the United Kingdom member, a
number of points were made and these are briefly listed below:

5:70101 It was pointed ocut that the study had been strictly limited to the
penalties incurred by flights while operating in the NAT Region. This was believed
to be essential if any results at all were to be obtained since the analysis of
penalties suffered by NAT flights while operating within the domestic airspace st
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either side of the North Atlantic would involve consideration of such a number of
complex and complicated factors that it was unlikely that any assessment at all
could be made which would prove to be generally acceptable,

567102 It was also indicated that the present study assessed as "ATC
penalties" those deviations which resulted from requests made by pilots

while operating in the NAT area since insufficient data was available to
eliminate these from the analysis. It was however stated that the United Kingdom
intended to look further into the matter in order to see whether it had a sig-
nificant effect on the results so far obtained.

57613 When considering whether, due to the difference between forecast
and actual meteorological conditions, it might not be possible that, in certain
cases, the ATC imposed deviations resulted in fact in an improvement rather than
in a penalty for the flight concerned, it was believed that, since this was a
random factor and because of this tended to cancel itself out, it could

be neglected,

DePelolt It wag also stated that the study had revealed that there existed
a relationship between penalties and the lateral separation standards employed

in the NAT Region, in the sense that any reduction in lateral separation would
result in a reduction of penalties which was directly proportionate to the amount
which lateral separation was reduced. (For instance, a reduction from the present
value of 120 NM lateral separation to 90 NM would result in a 25% reduction of the
cost of penalties).

5:7:1.5 As regards the question of fuel reserves required in general and those
required to cater for ATC imposed deviations in the Atlantic portion of a flight it
was stated that fuel reserves could be related to regularity of operations taking into
account normal aircraft performance and a regularity figure of 99%. This established
the general fuel reserves. By this process it is possible to isolate the element of
fuel reserves required for ATC imposed deviations alone; it is found by comparison
that these extra fuel reserves amount to approximately 15% of the total fuel reserves
required. 1t was however stated that the above brief summary of the process used in
obtaining information on this matter was extremely complicated in application since
it required the evaluation of a rather large mass of data., In addition, it was
stated that although there is always a cost involved in the carriage of reserve fuel,
a considerable economic difference will only occur when the elimination of this
reserve enables the flight to carry additional payload.

50761.6 Finally, it was stated that the study had revealed that the present ATC
system operating in the NAT legion was capable of exploiting approximately 70% of the
theoretical capacity offered by the system and that, with further refinements applied,
especially to the techniue of assignment of tracks to flights and their proper
sequencing at the entry points of the system, there was still room for improvement.

5.8 Conclusions

5.8.1 The Group noted that, in view of the circumstances of its collection,
the information recorded on the backs of form 1=D should be treated with some
reserve, Nevertheless it believed, that the method used by the United Kimgdom

in arriving at an assessment of system performance had considerable merit since it
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provided a practical tool for obtaining meaningful values in terms of cost in
order to demonstrate the degree of efficiency of a system.

5.862 It therefore noted with satisfaction that the United Kingdom was
prepared to continue its studies on this subject with a view to achieviing further
improvements in those areas where this appeared possible. It also noted that the
United Kingdom was prepared to make available any further results in a
comprehensive document which would be made available to the Group well in advance
of its next meeting and it was stated that this documentation would also cover the
effects of a fixed ATS route structure for sub-sonic air traffic in the NAT Region
on the cost penalty situation. ’

5.863 In view of this, and fully aware of the need to achieve
further progress in this important matter, the Group agreed that the subject
of assessment of system performance should be included in the agenda of its
next meeting.
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APPENDIX 5eA

Description of the method used in an analysis
of deviation penalties based on the NAT Data
Collection Programme of 1967-68

1. INTRODUCTION

1.1 The Royal Aircraft Establishment (RAE) of the United Kingdom has conducted
a study of the cost penalties currently incurred by aircraft due to oceanic ATC
deviatione on the North Atlantic. This study is based on information supplied

by IATA on data sheets of transatlantic flights giving:

1) the track and flight level requested by the pilot im his
filed flight plan;

11)  the track and flight level which would have been requested
by the pilot in a completely free environment;

1ii) the track and flight level assigned by ATC in the oceanic
clearance.

1.2 The flights in question took place during the months of July and
August 1967, The cost penalties arising from these deviations have been estimated
by a method described inRAE Technical Report 6A1LE of 1966 (see Appendix 5-B,

No. 1.) This study was to allow the comparison of the results of the study of
actual deviations with those which were obtained from a theoretical model of the
transatlantic traffic system, in order to show how far the theoretical model is
valid and can be applied to hypothetical situations, e.g. an increase in the flow
of air traffic, or the effect of reducing separation standards.

2. MRETHOD OF ASSESSING DEVIATIONS

2.1 The basic information for each flight is given on the NAT POST-FLIGHT
ANALYSIS Form 1-D. The form itself contained information on the ATC cleared

track of the flight concerned and that in terms of the latitudes at which the ATC
assigned track crossed certain longitudes and the assigned flight levels at

these points. Some airlines have added data on the back of the form on the flight
track they requested and that which they would have regarded as ideal, or both
(whenever both the 'ideal' and the ‘'requested' tracks and levels are given, and they
differ, the deviation was assessed from the 'ideal' track and level). This data
formed the basis of the study.

2+2 An estimate will have to be made of the increase in air distance
flown arising from ATC deviation, This will be affected by the wind structure
in the Atlantic which may distort the =hape of the least-time track from the great
circle between origin and destination. In order to simplify the study, the extra
distance to be flown was estimated by the following method:-

i) the difference in latitude between the actual and the
ideal or requested tracks at each reporting meridian
is noted;

i1) a hypothetical track ls constructed whose differences
in latitude from the great circle at each reporting
meridian correspond to those in 1).
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iii) the difference in distance is taken between the length of
this hypothetical track and that of the great circle,
assuming still air conditions.

263 This method will, on average, slightly underestimate the extra
distance flown because of ATC = deviation. The error is small, and the method
employed avoids the necessity of examining meteorological data for each flight.

2.4 For vertical deviation, the average of the differences is taken
between requested and allocated flight-levels at the reporting meridians. In
most cases the difference is constant ove¥ all meridians, i.e. flight at a
constant flight level was requested and the same or another constant level was
allocated. "

3. ANALYSIS OF DEVIAT1ONS

3,1 ‘ The study of the distribution of deviations among aircraft falls
into several stages:-

1) Construction of a histogram showing the proportion of aircraft
suffering various combinations of vertical deviation and
increase in track length;

1i) Estimation of the increments of fuel used and flight time
corresponding to the various combinations of vertical and
horizontal deviation in the histogram;

iii) BEstimation of fuel and time pennlties averaged over all
aircraft in the sample. From this the 'LOW' cost estimate
of traffic penalty is derived;

iv) Estimation of the element of fuel reserve carried because
of ATC oceanic deviations. This is calculated by the
statistical process of convolution. The method employed
determines the fuel uplift required for a given level of
regularity taking into account all sources of fuel
variability such as wind, temperature, holding at
destination and aircraft performance variation. This
process is performed twice, firstly ignoring the fuel
required to cater for compliance with oceanic ATC
clearances and then including them. The two amounts of fuel
uplift which correspond to the required regularity of service
are then compared, The difference between them is the "ATC
fuel reserve®, It is assumed that this fuel reserve must be
carried by all aircraft in the system, irrespective of the
deviations they actually encounter, since they do not know before
take-off what these deviations will bes

v) Estimation of the fuel burnt to carry the "ATC fuel reserve',
Since the aircraft takes off heavier than it would without the
ATC fuel reserve, the fuel consumption for the flight will
be somewhat greater. The cost of this extra fuel, added to
the 'LOW' cost, gives the 'MID' cost estimate of traffic
penaltys




vi)

Beeh3

Estimating the revenue loss on the occasions when
the "ATC fuel reserve'" reduces payload capacity.
Another way of expressing this is to establish

the revenue from the extra payload that could be
carried if ATC deviations did not occur., The lost
revenue cost added to the 'MID' cost gives the
'"HIGH' cost estimate of traffic penalty.
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APPENDIX 5-B

Bibliography on cost analysis of NAT operations

Author

V.W. Attwooll

VeW. Attwooll

Working Party on
Supersonic Transport
Fuel Reserves

Miss M. May

Titles etc.

Methods of costing deviations from the
optimum cruise flight path, with examples
from the London-New York route.

R.A.E, Technical Report 66148 (1966)

The optimum design of a parallel route
structure for air traffic from London te
New York for various separation standards.
R.A.E. Technical Report 64034 (1964)

A statistical method for assessing the
sector reserve fuel for Concorde.
R.A.E. Technical Report 68028 (1968)

An analysis of counts by Prestwick of jet
aircraft crossing 10° West, September 1966
August 1967. Aviation Operational Research
Branch.

A.T.C, Information Memo. No.5, September 1967
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6. *Summary of Agenda Item 6: Review of work programme of the Group, including
arrangements for the next meeting

6.1 Review of the work programme

6.1.1 The Group reviewed its work programme, as reflected in para. 6
of Summary/4 and agreed that there was no need for any change at this time.

It therefore concluded that it should continue to be considered valid until the
next meeting of the Group.

6.2 Arrangements for the next meeting

6.2.1 Date, site and duration of the next meeting

6.2.1.1 The Group agreed that its next meeting should be held sometime
in early September 1969 for a duration of approximately two weeks with the
understanding that the exact date would be determined in good time between the
members of the Group. (The period from 1 to 13 September 1969 was tentatively
retained.) It was also agreed that this meeting should be held in the Paris
Office of ICAO,

6.2.2 Tentative Apenda

6.2.2.1 Taking account of the decisions when considering Agenda Items 3, 5
and 7, the Group agreed that, while the detailed Agenda would be subject to consulta«
tion between members at a later date, it should tentatively provide for at least

the following items:

1) Bstablishment of methods for the assessment of system performance
(see para. 5.8 on page 5-4 of this Summary).

1) Review of progress of studies towards the application of
composite separation (see para. 3.10 on page 3-7 of this

Summary ).

141) Review of the work so far accomplished by the Group and possible
resultant action (see para. 7.4 on page 7-3 of this Summary).

iv) Preparation of appropriaste documentation for the Fifth NAT RAN
Meeting, mainly in respect of its Item 3.

6.2.3 Attendance

6.2.35.1 The Group agreed that IANC, IATA and IFALPA should again be invited
to participate in those parts of the meeting which were of direct interest to them.

6.2.4 Meeting arrangements

6.2.4.1 The Group hoped that it would be possible for ICAO to make the
usual arrangements for this meeting.

® This jtem was considered by members of the Group only.




7o Summary of Apends Item 7: Any other business

7.1 Introduction

7elal Under this agenda item, the Group considered three subjectis as
follows:

i) Comments made by the Federal Republic of Germany and Sweden
on Summary/h.

1i) Commente made by IFALPA on Summary/L4 and on the work of the
Group in general,

1ii) Review of the work so far accomplished by the Group.

7e2 Comments made by the Federal Republic of Germany and Sweden on Summary/4

7201 Following the distribution of Summary/4 to all NAT States comments on
a number of points had been received by the Paris Regional Office of ICAO from the
Federal Republic of Germany and Sweden. They had been passed to the Group for
consideration and reply.

Pelol After detailed discussion of the subjects raised in these comments
the Group appointed a small drafting group for the preparation of replies to them
and agreed that the replies, after having been approved by the Group, should be
forwarded by the Chairman to the ICAO Representative of the European Office for
onward transmission to the States concerned.

7e2.3 Some of the comments by the two States dealt with the recommendation
of the Group that States and operators should review all cases where lateral
deviations from track of more than 20 NM had occured and examine the need for
corrective action (para. 1.%.2.7 on page 1-10 of Summary/h refers) and it had been
suggested by Sweden that monitoring of track keeping should be carried out in a
standardized manner. The Group felt that, even though this might not be possible,
it might nevertheless be useful to all NAT States if they were to receive at
approximately 6-monthly intervals, summaries of all deviations as observed by
suitable located radar stations. It was therefore agreed that Canada, France and
Ireland (when possible) and the United Kingdom would provide the Paris Regional
Office on request with data collected by radar stations operated by these States
and that this data should be c¢irculated in suitable form to all NAT States, as well
as to IATA, IFALPA and IANC. It was further agreed that any details required to
apply this procedure should be worked out directly between the Paris Office and
the four States concerned.
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7.3 Comments made by IFALPA on Summary/4 and on the work of the Group in general

7e3.1 The Group first dealt with the comments made by Mr. Masland of

IFALPA in a letter addressed to the Chairman of the Group prior to the Meeting.

After a long discussion the Group decided, and IFALPA agreed to this, to refrain

from amending Summary/4 as this was likely to cause more confusion than was

worth the possible benefit which might have been obtained from clarifying a

number of points which, as has showed the general distribution of Summary/4 to all
interested parties, did not seem to have given rise to the misinterpretations of

which IFALPA had been afraid. It was however agreed that, should the points

referred to by IFALPA in Summary/L4 come up again for consideration at future

meetings of the Group, the remarks of IFALPA should then be considered also.

732 In addition to the above comments, IFALPA had submitted a paper
which dealt with the work of the NAT/SPG in general and in which they had made a
number of points which, in their opinion were essentials in order to achieve
further progress in the NAT Region. These points,as revised by the Group, were
briefly the following:

i) Dead-reckoning devices, such as Dopnler computers, should
be up-dated at more frequent intervals than at present.

ii) Navigation Systems used in the NAT Region must be simple to
use and must be free from invitations to blunder.

iii) Back-up should be provided by the ability to use two
different navigation systems aboard the aircraft.

iv) Any station-referenced area cover navigation system used for
up-dating self-contained navigation systems should provide
reliable cover within the area where this was required.

v) Doppler or inertial navigation systems must be in constant
use if tracking is to be accomplished with precision.

vi) The Navigation/ATC system must be so simple and self-evident
that it will still be used effectively and correectly even
at the end of a long flight or a flight that is taxing or
fatiguing for whatever reason.

7¢3:3 In the ensuing discussion it appeared that there were differences

in appreciation as to the time-scale and the technical and economical possibilities
for achieving the necessary improvements. It was also pointed out that a con-
tinuous process of evolution was under way both, as far as the technical and
procedural aspects of NAT operations were concerned, which contributed to the
improvement of the system. In addition, both the United Kingdom and the United

States members gave brief accounts of the work undertaken by their administrations
in order to further air navigation in the NAT Region.
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7o3ek The paper also stated IFALPA's disappointment in the lack of returns of
requests for information on the causes of gross errors detected in the course

of the NAT Data Collection Programme 1967/68. As regards the investigation into
gross errors, it was pointed out that, as far as could be ascertained, all
administrations had made serious efforts in this field. In addition, it was
noted that IATA was in the process of studying navigation equipment fit and the
serviceability of such equipment throughout its concerned Member airlines; and

of offering advice to operators where this seemed desirable. It was intended that
this work should continue,

7.4 Review of the work so far accomplished by the Group

R Based on the discussions recorded in para. 7.3 above and as a result

of a sugmestion made by the Netherlands member, the Group discussed briefly whether
it should prepare at this meeting a brief review of the work so far accomplished

by it to serve as a sort of "inventory" against which it would be possible to
assipgn priorities to the future work of the Group.

VR It became however, immediately apparent that it would not be possible

to achieve this at this meeting since no time had been provided for this matter.
In addition it was also felt that since the progress achieved so far made itself

felt in many fields where the relation to the Group's work was not immediately

obvious, it would be unwise to embark on such an undertaking without proper
preparation.

7.4.3 Finally, it was believed that the Group would be required to undertake
such a task prior to the forthcoming NAT RAN Meeting in 1970. It would therefore,
only result in an unnecessary effort if this was done now and had to be repeated
in any case at the next meeting.

YN In view of this situation the Group agreed that this matter should be
put on the agenda of the next meeting and that the Secretary should prepare a
draft paper on this subject and circulate it to all participants of the next
meeting weéll prior to it so that it could serve as a basis for discussion.
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8. *Summary of Agenda Item 8: Election of the next Chairman

8.1 On a proposal by Mr. D. A. Blake, member of the United Kingdom,
and seconded by Mr. R. Huard, member of the United States of America, the Group

re-elected unanimously Mr. J. F. 8apin, the member from France as the Chairman
of the Group until the end of the next meeting.

*This item was considered by members of the Group only.




LIST OF NAMES AND ADDRESSES OF THE MEMBERS

OF THE

Name

NORTH ATLANTIC SYSTEMS PLANNING GROUP

State

Address Remarks

Mr.

Mr.,

MT .

Mr.,

A.L. Elliott

J.F., Sapin

G. Jones

J. ten Velden

D.A. Blake

R. F. Huard

CANADA

FRANCE

IRELAND

KINGDOM O THE
NETHERLANDS

UNITED KINGDOM

UNITED STATES
OF AMERICA

Air Traffic Control Division
Department of Transport

No.3 Building

Wellington St.

OTTAWA, Ontario

Chairman of
the Sixth
Meeting

Chef du Centre régional
de la Navigation aérienne
Boite postale 1C8

94 - ORLY Aérogare

3L Clarendon St.
DUBLIN 2

Ryksluchtvaart Dienst
Kanaalweg 3
THE HAGUE

National Air Traffic
Control Services

The Adelphi

John Adam St.,

LONDON W.C.2

North Atlantic Systems
Planning Staff

Office of International
Aviation Affairs (IA-50)
Federal Aviation
Administration
WASHINGTON, D.C.20590




	Summary of AGENDA ITEM 2: review of developments regarding the application of reduced vertical separation to aircraft 
operating above FL290 in the NAT Region 
	introduction

	the estimate for the probability of vertical overlap Pz(1000) 
	the estimate for the probability of lateral overlap Py(0)

	estimates of !y! (0)

	independence of occupancy

	methods for measuring static pressure error

	general

	trailing cone method

	performance check method


	CONCLUSIONS

	Appendix 2-A : the collision risk equation

	App 2-A.1 : distribution of random altimetry errors
	App 2-A.2 : the influence of air temperature on the vertical collision risk

	App 2-A.3 : distribution of flight technical errors

	App 2-A.4 : distributions for occurrence rate of large static pressur shifts and for tail area parameter for static calibration error

	App 2-A.5 : the effect of added flight paths on occupancy

	App 2-A.6 : alternative tail shapes for the static pressure calibration error distribution


	Appendix 2-B : a heuristic explanation of the basic mathematical model of collision risk, with application to lateral, vertical and staggered separation 
	Appendix 2-C : bibliography on vertical separation


	Summary of AGENDA ITEM 3: review of the possibility to apply "composite separation" (ie a form of separation composed of the simultaneous application of reduced lateral and vertical separation) to aircraft operating in the NAT Region 

	introduction

	assignment of target level

	calculation of teh estimated risk due to loss of staggered separation

	operational implications

	oceanic area

	oppositie direction traffic

	separation standards

	separation standards on the organised track structure in respect of aircraft joining or crossing it 

	within the organised track structure - trackk changes

	within the organised track structure - level changes


	emergency procedures and ususual events


	effect on the transition area 
	clearances

	CONCLUSION
 
	Appendix 3-A: increasing the potential traffic density over the NAT ocean by using composite separation

	Appendix 3-B: list of references


	Summary of AGENDA ITEM 4: review of progress made in the assessment of longitudinal separation in certain parts of the Region, including the possible use of DME for the assessment of such separation

	introduction

	reduction of longitudinal separation standard without monitoring devices

	reduction in errors in ETAs at the Oceanic boudary

	reduction of longitudinal standard with monitoring devices

	Appendix 4-A : Methods of estimating collision risks associated with procedural longitudinal separation standards

	Appendix 4-B : estimation of teh effects of using DME to monitor longitudinal separation


	Summary of AGENDA ITEM 5: review of the criteria for the assessment of system performance 

	introduction

	results of analysis

	comparison with theoretical model

	opposite direction traffic flows

	multiplicity of terminals

	summary of the study 

	discussion of the study

	CONCLUSIONS

	Appendix 5-A : description of the method used in an analysis of deviation penalties based on the NAT data collection programme of 1967-1968

	Appendix 5-B : bibliography on cost analysis of NAT operations


	Summary of AGENDA ITEM 6: review of work programme of the Group, including arrangements for the next meeting

	review of the work programme

	arrangements for the next meeting


	Summary of AGENDA ITEM 7: any other business

	introduction

	comments made by the federal republic of Germany and Sweden on Summary 4

	comments made by IFALPA on Summary 4 on the work of the Group in general

	review of the work so far accomplished by the Group


	Summary of AGENDA ITEM 8: Election of the next chairman

	LIST OF NAT SPG Members 



