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Abstract

This paper describes an analysis method of flight
distance for Japanese ATM (Air Traffic Man-
agement) performance assessment. The analysis
method computes planned flight route length and
actual flight distance. Planned flight routes/actual
trajectories are divided into the three (3) parts;
climb, cruise and descent. Flight distance is com-
puted for each of the parts. The analysis method
is applied to actual data of Japanese prime airport
pairs and analysis results are presented. Com-
pared to the great circle distance, planned route
length proved to be extended in the climb/descent
parts. Meanwhile, the extension in the climb
parts proved to be mitigated in actual flight dis-
tance. As a result, compared to the great circle
distance, actual flight distance is chiefly extended
in the descent parts. Reduction of the flight dis-
tance in the descent part is indispensable for re-
duction of entire flight distance.

1 Introduction

To accommodate air traffic demand increase,
ATM has significantly improved its performance
in the last few decades. However, since higher
quality of ATM service is required, further ATM
performance improvements are required.

For that purpose, ATM performance evalua-
tions are planned that will provide valuable per-
formance assessment information. Through such
ATM performance assessment, performance bot-
tlenecks can be identified and prioritized in terms
of severity in order to mitigate and hopefully re-

move them appropriately.

Since ATM has, by definition, multiple objec-
tives to accomplish, its performance must be as-
sessed from multiple viewpoints. For the defini-
tion of the various performance assessment view-
points, ICAO (International Civil Aviation Or-
ganization) has defined Key Performance Areas
(KPA)[1]. The KPA are comprised of 11 distinct
areas related to societal impact (Safety, Security,
Environment), ATM prosperity (Access and Eq-
uity, Participation by the ATM community), and
ATM operational performance (Cost Effective-
ness, Capacity, Efficiency, Flexibility and Pre-
dictability).

Flight distance is of importance from the
view point of efficiency[2]. Since shorter flight
distance should also contribute to reduction of
fuel consumption and carbon dioxide emission,
flight distance is closely related to the area of
environment in the KPA. ATM has a fundamen-
tally important role in reducing inefficiency in the
paths flown by aircraft [3].

Studies on flight distance from the viewpoint
of ATM performance have been conducted in
some locations. In [4], flight efficiency was stud-
ied by comparing actual trajectory to the great
circle distance between the origin and the des-
tination airport as well as between exit of depar-
ture terminal circle and entrance into arrival ter-
minal circle. In [5] and [6], flight efficiency in the
United States and Europe was studied in a similar
manner.

Each location has its specific character of air
transport as well as ATM. Thus, ATM perfor-
mance needs to be evaluated for each location.



The analysis method is hence studied and applied
to Japanese actual data.

In addition to actual flight distance, planned
route length is covered in this analysis method.
The planned routes data do not include details
to compute the route length [5]. Thus, the anal-
ysis method complements the detailed data for
the computation. To study the relationship be-
tween flight phase and flight distance, planned
routes/actual trajectories are divided into the
three (3) parts and the distance is computed for
each of the parts.

Firstly, the analysis method is introduced.
Then, as an application instance, the analysis
method is applied to actual data of Japanese
prime airport pairs.

2 Analysis Method

2.1 Planned Flight Length

In many cases, airborne trajectory is comprised
of the three (3) phases: SID (Standard Instru-
mental Departure), en-route, and STAR (Stan-
dard Terminal Arrival Route) including approach
phase. The planned length L was hence computed
as:

L=L;+L,+L,, (1)

where L; , L, and L, represented SID, en-route
and STAR length, respectively.

In the flight-plan, planned route which cor-
responded to L, was described as a series of air
routes and waypoints. Since air routes could be
represented as a series of waypoints, L, was com-
puted as follows:

n—1
Le=Y siit1, (2)
i

where s; ;1 represented the great circle distance
between the waypoints W;(i = 1,2,3,--- ,n— 1)
and W, in the en-route part.

SID was assigned by ANSP (Air Navigation
Service Provider) and recorded.

On the other hand, STAR was not recorded.
With some arrival terminal ATC (Air Traffic
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Control), radar vectors are exploited instead of
STARs. However, for the computation of L, L,
is indispensable. Thus, based on the final way-
points of the planned routes, R-NAV STARs that
were usually shorter than the conventional ones
were complemented.

SIDs and STARs included numerous curve
elements and conditions were set for turning. As
a result, it was difficult to compute the length
solely based on waypoints distance. For the
computation, the fast-time simulation software
TAAM (Total Airport and Airspace Modeller)
was exploited. Referring to the charts, SIDs and
STARs were modeled on the software. Then,
flights on the SIDs and STARs were simulated.
TAAM had the function of trajectory recording
of the simulated flights. L; and L, were deter-
mined from the recorded trajectories.

2.2  Actual Flight Distance

Actual flight distance was computed as follows.
In the RDP (Radar Data Processing system)
journals, coordinates of actual trajectories are
recorded at 10 seconds intervals.

Actual flight distance M is computed as:

n—1

M= di), 3)
1
where d; ;1) represents the great circle distance
between two successive coordinates of identical
flight [7].

The Japanese radar coverage area was di-
vided into four (4) areas and journals were
recorded for each distinct area. To analyze flights
over distinct areas, the journals were amalga-
mated. By amalgamating the journals, analyses
of trajectories for the entire Japanese radar cov-
erage areas were achieved.

2.3 Trajectory Division

Division of trajectories into some parts and com-
parison of the flight distance amongst the parts
clarifies the characteristics of each part. Part di-
vision based on the operational phases (SID, en-
route, STAR) is the most intuitive way, because
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the division corresponds to the ATC procedure
directly.

On the other hand, the dimension of origin
and destination terminal ATC areas differs de-
pending on the airports. For a strict comparison,
constant dimensions should be defined amongst
distinct airports.

In this analysis method, trajectory was di-
vided into the three (3) parts: climb, cruise and
descent. Along with PRR (Performance Review
Report) [8], climb was defined as the part within
a radius of 40NM around the origin airport; de-
scent was defined as the part within a radius of
100NM around the destination airport.

At the same time, en-route was defined as the
rest of the airborne trajectory; the en-route part
definition was different from PRR’s one that cor-

responded to segment route between departure
and arrival terminal circles with a radii of 40NM.
The analysis method divides the route explicitly
to compare the flight distance amongst the parts.

Based on this definition, planned routes were
divided into the three (3) parts. The lengths of
the divided routes were respectively described as
L, (climb), L. (cruise) and L, (descent). Because
the planned route should be compared to the great
circle path, the indices of the route length were
defined as follows:

AL, =L, —40 (climb), (4
AL.=L.— G, (cruise), 5)
AL; =L;—100 (descent). (6)

Here, G, represents the great circle distance
between the intersections of the planned routes
and the two (2) radii (4ONM around the origin
airport and 100NM around the destination air-
port).

Actual airborne trajectory was divided into
the three (3) parts in the same manner as the
planned route. The lengths of the parts were re-
spectively described as M, (climb), M. (cruise)
and M, (descent). Because the actual airborne
trajectory should be compared to to the planned
route, the indices of the flight distance were de-
fined as follows:

AM, =M, —L, (climb), (7
AM.=M,— L, (cruise), (8)
AM;=M;— Ly (descent). 9)

3 Application Instances

3.1 The Analyzed Data Set

Application scenarios of the analysis method
are presented in the remainder of this paper.
Amongst Japanese airport pairs, Tokyo (RJTT)
- Fukuoka (RJFF) and Tokyo - Sapporo (RJCC)
were regarded as the prime ones in Japan. RJTT
played the role of a domestic hub airport in Japan.
Actual data of the airport pairs were analyzed.
The ANSP announces recommended routes
for the airport pairs. Fig. 1 and Fig. 2 show



examples of the recommended routes and corre-
sponding part division. In the figures, W, repre-
sents the intersection between the route and a ring
of 40NM radius around the origin airports; Wy
represents intersection between the route and a
ring of 100NM radius around the destination air-
ports. The great circle distance between W, and
W, corresponds to G.. At the same time, G repre-
sents the great circle distance between the origin
and the destination airports.

The flights for which planned routes were
identical to the recommended ones were ex-
tracted and analyzed. RDP and FDMS (Flight
Data Management System) journals were ex-
ploited to retrieve the data items. Seven (7)
days worth of data recorded in February 2007
were gathered. The data covered 358 flights
(RITT—RICC), 368 flights (RICC—RIJTT), 316
flights (RITT—RJFF) and 304 flights (RJFF
—RIJTT).

Because SIDs and STARs differed depending
on runways, actual used runways were obtained
from the trajectories. Then, SIDs and STARSs cor-
responding to the runways were assigned to de-
termine Ly and L.

3.2 A Study on Planned Flight Length

Figures 3, 4, 5 and 6 show the averages of AL,,
AL. and AL, for each route. As AL, and AL,
differed depending on the used runways, the av-
erages of AL, and AL; were computed for each of
the distinct take-off/touch-down runways. Table
1 shows usage rate of the runways in the analyzed
data set.

From the figures, it was observed that AL,
was considerably lower than AL, and AL,. It was
also observed that AL,, and AL, could differ dras-
tically depending on the runways (e.g. Fig. 3).

Alignment of take-off runway orientation an-
gle and W, had an impact on AL,: In the case of
W, reversing the runway orientation angle, AL, is
extended. Alignment of touch-down runway ori-
entation angle and W; had an impact on AL; in a
similar fashion.

On the other hand, Fig. 4 and Fig. 6 indicate
that regardless of touch-down runway usage, ALy
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Table 1 Usage Rate of the Runways

City-pair Category Runway | %
Take-off ;ZE 3;

RITT—RICC
Touch-down OIR 85
Hen-dow 9L | 15
Take-off ?;E ?g

RICC—RITT
Touch-down 16L 21
34L 79
Take-off ;ZE 32

RITT—RIJFF
Touch-down 16 82
ouch-dow 34 13
Take-off ;61 ?;

RIFF—RJTT
Touch-down 16L 23
34L 77

of RITT arrivals was longer.

3.3 A Study of Actual Flight Length

For the same data set, actual flight distance was
examined. Figures 7, 8, 9 and 10 show the aver-
ages of AM,,, AM. and AM,; for each route. The
averages of AM, and AM,; were computed for
each of the take-off/touch-down runways.

In the figures, it was observed that the ac-
tual flight distance was shorter than the planned
route distance in some cases. This implies that
some of the corresponding flights were given di-
rect routes. As a result, the extended distance of
the planned routes could be compensated to some
extent.

AM, tended to be higher than the others,
which implied that actual flight distance was in-
creased in the descent part.

Figures 11, 12, 13 and 14 represent frequent
distribution of AM,,. From the figures, different
averages of AM,, depending on take-off runways
were confirmed. In the case of the runway orien-
tation angle requiring turning (e.g. Runway 16R
in Figure 11, Runway 34R in Figure 13), AM,
got shorter. It implied direct routing in the turn-
ing part.
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Fig. 6 The Averages : RIFF—RJTT

Figures 15, 16, 17 and 18 represent frequent
distribution of AM,. From the figures, different
averages of AM,; depending on touch-down run-
ways were confirmed.

In addition, although negative values corre-
sponding to direct routings were found, there was
an extensive range of AM, values. This was at-
tributed to the nature of the descent part. In
the descent part, an arrival flow in which ar-
rivals maintained adequate separation needed to
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Fig. 7 The Averages : RITT—RJCC
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Fig. 10 The Averages : RIFF—RJTT

be formed. For the flow formation, extra flight
distance was required for the adjustment of sepa-
ration between arrivals.

Fig. 19 shows a comparison of the en-
tire flight distance averages. In this figure, the
great circle distance between the origin and the
destination airports(G), the entire planned route
length(L) and the entire actual flight distance(M)
are compared for each of the routes. Table 2
shows the ratio of L and M to G. The actual flight
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distance M ranged from 105% to 116% of great
circle distance G. On the whole, L/G was virtu-
ally equivalent to M/G. That is, the increase of
actual flight distance was mainly attributed to the
increase in the planned length.

3.4 Discussion

To compare actual flight distance with the great
circle distance, the following indices were de-
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Table 2 The Ratio of L and M
Airport Pair | L/G | M/G

RJTT — RJCC | 1.03 | 1.05
RJCC — RJTT | 1.10 | 1.10
RJTT — RJFF | 1.12 | 1.09
RJFF — RJTT | 1.15 | 1.16

fined:

AG, =M,—G, (climb), (10)
AG, =M,— G, (cruise), (11D
AG; =M;—G,; (descent). (12)

Figures 20, 21, 22 and 23 show the averages
of the index values. In the figure, AG, tended to
be rather small; AG, tended to be larger.

As it was indicated in Figures 3, 4, 5 and
6, the planned routes were extended in the
climb/descent parts. Meanwhile, as it was indi-
cated in Figures 7, 8, 9 and 10, the actual flight
distance tended to be shortened in the climb part.

On the other hand, the actual flight distance
tended to be further extended in the descent part.
As mentioned in 3.3, it was due to arrival flow
formation. Adjustment of arrival time before ar-
rivals enter into the descent part should reduce
the extra flight distance in the part.

As it was indicated in Fig. 16, and Fig. 18,
the distribution of AM,; for RJTT arrivals was
particularly large.

It should be noted that G averaged negative
in Fig. 23. This was attributed to direct routing
over climb and cruise parts. Fig. 24 represents
the idea of the direct route. In the figure, flight in
the climb part was given a shortcut to a point of
the cruise part. As a result, the actual trajectory
in the cruise part got even shorter than the great
distance path between W, and W,.

4 Conclusions

This paper presented an analysis method of flight
distance. For the computation of detailed planned



flight distance, the analysis method comple-
mented STAR to the data items in flight-plans.

Application instances of the analysis method
were then presented. From the comparison
between the great circle distance and planned
flight length, it was observed that planned flight
length was extended in the climb/descent part
and planned flight route length was considerably
close to the great circle distance in the cruise part.
It was also confirmed that runway usage had an
impact on the planned flight route length in the
climb/descent part.

On the other hand, it was indicated that al-
though it was shortened in the climb/cruise part,
actual flight distance tended to be further ex-
tended in the descent part. Reduction of the flight
distance in the descent part is indispensable for
reduction of entire flight distance.

There can be no doubt that flight distance
need to be analyzed for the other period and air-
port pairs to achieve a detailed ATM performance
analysis. Continuous application of the data anal-
ysis method presented in this paper can assist
in monitoring and controlling flight distance and
consequently offer significant insights into future
ATM improvements.
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