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Background

This Technical Note, commissioned by the Performance Review Commission (PRC) has been prepared by the
EUROCONTROL Performance Review Unit (PRU).

The PRC was established in 189&he Permanent Commission of EUROCONTROL, in accordance with the ECAC
Lyadaddziazytrt {GNIGS3Ie O6mMppTOod® hyS 202SO0GAGS 2F GKAA
performance review and target setting system to facilitate morfeetfve management of the European ATM
a2aidSYx SyO2dzNY 3S Ydzidzk € | OO02dzy il oAt AGE F2N) aegadsSy LIS
The PRC conducts independent measurement, assessment and review of the performance ofEwdpaan

Air Navigation Services (ANS) system, inclutsrapitribution to the efficiency of PalBuropean aviation. The PRC
strives to identify future improvements and makes recommendations as appropriate.

The PRC maintains open and transparent dialogue with relevant parties, including but not limited to States
Navigation Service Providers, Airspace Users, Airports, social dialogue partnemjlitivyl organisations,
international and national organisations, etc.

The PRC conducts research into the development of performance measurement. This inciteteslia,
investigating how performance could best be described/measured in the-tkmng, developing and testing
proposals for future indicators and metrics and contributing to future improvements in performance.

The PRC disseminates the results ofiitalgsis to relevant parties, provided that no sensitive data are involved, in
ordSNJ 12 RSY2yaidNIdS GKS tw/ Qa O2YYAGYSyid (2 GNIyaLlF NB

The PRC produces independenttamt studies, either on its own initiagvand/or at the request of relevant parties.
¢KS tw/ Qa ¢S dttbsk/ivBw.durBcBritE.@téir-navigitionservicesperformancereview

PRC publications aedsoavailableon the website:www.ansperformance.eu

Notice

The PRU has made every effort to ensure that the information and analysis contained in this document are as
accurate and complete as possible. Onfprmation from quoted sources has been used and information relating

to named parties has been checked with the parties concerned. Despite these precautions, should you find any
errors or inconsistencies we would be grateful if you could please bringthé 2 G KS tw! Qa | GiSydaA:
email to: PRksupport@eurocontrol.int.

Copyright notice and Disclaimer
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1 INTRODUCTION

1.1 General

For some yearsstakeholder interest in the field of the vertical aspect of flight efficiencybeas increasing
substantially, complementary to the horizontal aspéthe PRC first address¥drtical flight (in)efficiency in
2008 withthe publication of a PR@dhnicalNote estimating the impact of ATM on vertical flight efficiency
(Performance Review Commission, 2008nce 2015, th@RC and its supporting unit the Performance
Review Unit (PRU) has besontinuing this worlby developing and testing possible performance indicators
for vertical flight efficiency.

Vertical flight efficiency during the climb, descent andreate phase®f flight are continuously monitored
and the results are published on a regular basiamaperformance.euln addition, reports for specific airports
and airport pairs can be requested this website

1.2 Purpose ofthe document

ThisPRC Technical Note updates the PRC Technical Note published in §i¥@8.dnh overview of the latest
observations regarding vertical flight efficiency during the climb, descent amdwta phases of flight.

1.3 Scope

ThisTechnicalNote analyses vertical flight efficiency during the climb and descent phases of flight departing
from or arriving at airports in the ECAC area during 22020.

The results for emoute vertical flight efficiency are presented for airport pairs within the E&A&for 2020.

1.4 Acronyms and terminology

Tablel: Acronyms and terminology

Term " Definition

ACC Area Control Centre

CCco Continuous Climb Operations

CDO Continuous Descent Operations
CPF Profile based on correlated positiornsports
FTFM Last filed flight plan

NM EUROCONTROL Network Manager
PBN Performance Based Navigation

PRU Performance Review Unit

RAD Route Availability Document

SESAR Single European Sky ATM Research
SID Standard Instrument Departure
STAR Standardnstrument Arrival
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2 DATA SOURCES

For the purposes of this Technical Note, BiRU useé data available in thEUROCONTRBRISME database,
which provides a continuous feed of trajectory data.

For the climb and descent metridthe PRU use@PF datéi.e. pofile based on correlated positions reports
based on radar datand FTFM data (last filed flight plan) for the-ssute metrics.

2.1 Data coverage

2.1.1 Number of flights

The CPF data used by the PRU originates directly from the Network Manager and is an aggregation of the
radar data submitted by the different States. The-precessing of the data determines which flight data are

fit for purpose. This includes checks fommimum number of data points in every trajectory and filters to
exclude circular flights (flights with the same departure and arrival airport), diverted flights and flights with
erroneous trajectory data like vertical and horizontal glitches. For aflitites for which datavere available

in 2019 and 2020, 88.1% of the NM flight profiles were analysed by the PRU, ranging from 33.0 to 100.0%,
depending on the airport.

ThePRUWanalysishowed that the CPF data did not contain information ftargenumber of flightsoperated

at Turkish airportsbecauseTurkey does not provide radar data. Thus, a significant amourdjettory data

is missing in the climb and descent phases for flights to/from Turkish airports.

Table2 shows the amount of flights available in the NM data and the amount and share of fiigfas
purpose(flights for which sufficient and reliable trajectory data are availatig)ng 2019 and 202 more
extensive list is available Appendix A

Table2: Number of flights availablend fit for use (20192020)

EHAM 372235 370314 99.5%
EDDF 363049 360412 99.3%
LFPG 362565 360324 99.4%
EGLL 341305 339520 99.5%
LEMD 295758 293543 99.3%
EDDM 279140 277405 99.4%
LTFM 255035 24340 9.5%
LEBL 233400 232134 99.5%
LIRF 206469 205653 99.6%
LOWW 194821 194007 99.6%
LSZH 187098 185453 99.1%
ENGM 187015 186079 99.5%
EGKK 182572 180932 99.1%
EKCH 180733 179990 99.6%
LTFJ 176287 37429 21.2%
LGAV 164613 163109 99.1%
LIMC 163291 162244 99.4%
EIDW 162371 161517 99.5%




EBBR 160167 159070 99.3%
ESSA 159441 158608 99.5%
LPPT 154967 153107 98.8%
LFPO 153024 151950 99.3%
EDDL 152113 150509 98.9%
LEPA 146762 146151 99.6%
EGSS 141867 140092 98.7%
EPWA 136904 135858 99.2%
EGCC 134695 133548 99.1%
EFHK 133597 130895 98.0%
LTAI 133323 4646 3.5%
LSGG 128842 127872 99.2%

The FTFM data used in the-esute methodology is available for all flights. Since only one point per flight is
needed and a statistical method is used, all the data needed focdlmilations is available.

2.1.2 Geographical coverage

The geographic area analysed covers almost all EUROCONTROL Member States.

Figurel andFigure2 show the position data available on respectively 01/05/2015 and 01/05/2020. It is clear
that there is a better coverage over and around the Warszawa, Nicosia, Casablanca-Awid Fé&Rs since
2015.As earlier statedJurkeyhasnot provided radar data Thisresults in the low amounts of flights being
analysed as mentioned before. Nevertheleisere are flights to/from Turkey that are being analysed
because some radar data is available from neighbouring States.
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2.2 Daa quality
Distribution of update intervals
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Figure3: Distribution of update intervals for PRU data

Figure3 showsone high peak and one lower peak at update intervalespectively 30 and 60 seconds. This

is due to the legal requirement for States to provide surveillance data based on 30 seconds reporting interval.
The small peak at 60 seconds is a result of data points missing, creating an interval of around 60 seconds
between two data points.




As previously examined and described(lerformance Review Unit, EUROCONTROL, 207 update
interval has an impact on the results. In general, the lower the update interval, the awourate level flight
can be detected. The results presented(Rerformance Review Unit, EUROCONTROL, a@b/)ndicate
that more level flight can be detected when the update interval is lower.




3 VERTICAL FLIGHT EEENCDURING CLIMB AND BEENT

3.1 Methodology

The methodology for vertical flight efficiency during climb and descent is explained in déReliormance

Review Unit, EUROCONTROL, 20&¥El flight is measured within a radius 602NM around an airport and

the main assumption is that level flight is inefficiehihe methodologlR 2 S&a y Qi G I {nBnoptighial 2 | OC
positionsof the Top of Climb/Descerg,g. when the Top of Descent is too late, there are no level segments

but the descent path is too steep which is another form of inefficiency.

A trajectory part between two points on .

that trajectory is considered as leve ‘\.\""*R
when the trajectory stays within a . ;.o
fictional window as can be seenkhigure P,
4.
This wirdow has temporal and altitude Y minutes

dimensions related to a specific vertice

velocity that is considered to be the limi

between level flight and climb/descent Figure4: Rolling window for level segment detection

This limit has also been under discussic..

in the CCO/CDO Task Force, whose purpose was to progusenanised methodology to assess vertical

flight efficiency during climb and descent. The Task Force followed the recommendation of the PRC and PRU
to use300 feet per minuteas a limit for the vertical velocityConsequently, the dimensions of the window

have to adhere to the following relationship:

&
5 O TRQA&G Q¢ 6 0 Q

E.g. when a temporal size of 10 seconds is used, the window is 50 feet high. In this case the altitude
information of the climb or descent trajectory is considered atrgvaterval of 10 seconds. However, since
trajectory data are a discrete representation of the actual trajectories, the necessary altitude information is
not available for every required time instance. Because of this and whenever required, a lineaslatterp

is done to obtain the information needed for the analysis.

3.2 Results

3.2.1 Time in level flight

3.2.1.1 Full climb and descent

Figureb presents the average time flown levetpflight during descent for the top 30 airports in 2020. The
amount of time recorded in level flight in the descent phase has decreased significantly due to the low
amount of traffic. Nevertheless, the values for the Paris airports stayed quite high.

Figure6 shows he amount of time recorded in level flight in the climb phase, which has almost not changed.
The values have always been very low so there is much less famoimprovement in the climb phase.
Nevertheless, a reduction of 40 seconds (50 seconds for the COVID period) is seen for flights departing from
Zurich.Skyguide was contacted and provided feedback regarding this observation. Every SID for the two main
departure runways (28 and 16, which are used about 80% of the time) crosses a STAR. This resulted in a lot
of flights with level flight in order to deconflict crossing traffic. Due to the lower amount of traffic in the
COVID period, less crossings were happgrso more continuous climbs could be achieved.

10




In addition, many emoute sectors could be collapsed to one single sector due to the low amount of traffic.
Probably less level flight is needed at sector boundaries, partially because there is mowr thmeréination

during handovers to neighbouring sectors.

Figure5 and Figure6 also present the values for the COVID period (01/03/282(12/2020). For most
airports, the values ara bit lower in this period. This is expected since a lower number of flights usually
results in a lower amount of possible conflicts. Levelling offiearaft is one method for deconflicticso less

level flight is indeed expected with the lower amount of flights.

Overall, the average time flown level is around 6 times higher during the descent than during the climb, both
for the full year and theCOVID period.

The numerical results can be foundAppendix B.Tor the descent and idppendix B.2or the climb.

Average time flown level during descent
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Figure5: Average time flown level per flight during descent
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Average time flown level during climb
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Figure6: Average time flowrlevel per flight during climb

3.2.1.2 Descent below FLO75 and climb until FL1® (noise impact)

dimbs and descents at lower altitudbave arenvironmental impact on noise aruh fuel consumption. For
descents, the altitude from which SESAR estimates that the principal environmental impact upon the ground
relates to noise is 7,000 feet while for climbs SESAR estimates that noise is the principal environmental impact
until 10,000 fet (CANSO; ACI;, 2015)

It is clear fromFigure7 and Figure8 that the amount of level flight that occurs in those parts of the vertical
profile where mise is the principal environmental impact, much larger in the descent phase than in the
climb phase The actual noise levels depend upon aircraft thrust which is much higher during the climb than
during descent so there is no linear relationship betwége amount of level flight and the noise impact.

The reduction in level flight during the descent for the COVID period is slightly less pronounced than for the
full profiles and for most airports, the values remained quite stable.

Most airports have almst no level flight below 10,000 feet in the climb, except for London Heathrow, London
Stansted, Paris Orly and London Gatwick airport. However, the values for these airports are still very low.
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Average time flown level during descent (from FL075)
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Figure7: Average time flown leveper flight during descent below FLO7®Boise impact)

Average time flown level during climb (below FL105)

*
*

0.61

0.4

0.2 *

Average time flown level (min)

FESTSSESsSTES S 3 SESES
FNRNRUEGIPYNGIOIV VT TINORCCNCEOIONECGZIO

+ 2019 values [l Fullyear  COVID period

Figure8: Average time flown level per flight during climbelow FL105 (noise impact)

3.2.2 Median CDO/CCOQO altitude

Not only the duration of level flight but also the altitude bgtlevel flight is an important aspect for vertical
flight efficiency during climb and descent. To address this aspect, the median CDO/CCO altitude is considered
which is calculated by taking the altitude of the lowest level segment for each flightnfidrisation is then
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aggregated by taking the median value over all considered flights per airport. In other words, the metric
indicates the altitude from/up to which at least 50% of the flights perform a continuous descent/climb.
Figure 9 and Figure 10 respectively show the mitan CDO and CCO altitudes. Tgrires showthat
continuous descents until the runway start at much lower altitudes than continuous climbs, probably due to
specific arival procedures and the general trend to give priority to climbing traffic when arrivals and
departures have to be deconflicted.

A number of airports saw a (significant) increase of the median CDO altitudes, probably due to the low
amount of traffic. Thenedian CCO altitudes remained stable.

In most cases, the values for the COVID period are very similar to the full year values. This indicates that the
number of flights has a lower influence on the median CDO/CCO altitudes than on the average time flown
level.

Figure9: Median CDO altitude
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