
 

 
   

 
 

December 2020 

PRC TECHNICAL NOTE 
 

 

VERTICAL FLIGHT EFFICIENCY 

 
 

Technical note 
prepared by the 
EUROCONTROL 
Performance Review 
Unit (PRU) and 
commissioned by the 
Performance Review 
Commission (PRC) 

April 2021 



 
 
 

 

Technical note  

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 1998 by the Permanent Commission of EUROCONTROL, in accordance with the ECAC 

Lƴǎǘƛǘǳǘƛƻƴŀƭ {ǘǊŀǘŜƎȅ όмффтύΦ hƴŜ ƻōƧŜŎǘƛǾŜ ƻŦ ǘƘƛǎ ǎǘǊŀǘŜƎȅ ƛǎ άǘƻ ƛƴǘǊƻŘǳŎŜ ŀ ǎǘǊƻƴƎΣ ǘǊŀƴǎǇŀǊŜƴǘ ŀƴŘ ƛƴŘŜǇŜƴŘŜƴǘ 

performance review and target setting system to facilitate more effective management of the European ATM 

ǎȅǎǘŜƳΣ ŜƴŎƻǳǊŀƎŜ Ƴǳǘǳŀƭ ŀŎŎƻǳƴǘŀōƛƭƛǘȅ ŦƻǊ ǎȅǎǘŜƳ ǇŜǊŦƻǊƳŀƴŎŜΧέ 

The PRC conducts independent measurement, assessment and review of the performance of the Pan-European 
Air Navigation Services (ANS) system, including its contribution to the efficiency of Pan-European 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, Air 
Navigation Service Providers, Airspace Users, Airports, social dialogue partners, civil-military organisations, 
international and national organisations, etc. 

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

The PRC disseminates the results of its analysis to relevant parties, provided that no sensitive data are involved, in 
ordŜǊ ǘƻ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŜ tw/Ωǎ ŎƻƳƳƛǘƳŜƴǘ ǘƻ ǘǊŀƴǎǇŀǊŜƴŎȅ ŀƴŘ ǘƻ ǇǊƻƳƻǘŜ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ tw/ ŀƴŀƭȅǎƛǎΦ 

The PRC produces independent ad-hoc studies, either on its own initiative and/or at the request of relevant parties. 

¢ƘŜ tw/Ωǎ ǿŜōǎƛǘŜ ŀŘŘǊŜǎǎ ƛǎΥ https://www.eurocontrol.int/air-navigation-services-performance-review 

PRC publications are also available on 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. Only information 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 bring theƳ ǘƻ ǘƘŜ tw¦Ωǎ ŀǘǘŜƴǘƛƻƴ ōȅ ǎŜƴŘƛƴƎ ŀƴ 
email to: PRU-support@eurocontrol.int. 

 

Copyright notice and Disclaimer  
 
 
 
 

© European Organisation for the Safety of Air Navigation (EUROCONTROL)  
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It may be copied in whole or in part providing that the copyright notice and disclaimer are included. The 
information contained in this document may not be modified without prior written permission from the 
Performance Review Commission. 

The views expressed herein do not necessarily reflect the official views or policy of EUROCONTROL, which makes 
no warranty, either implied or express, for the information contained in this document, neither does it assume any 
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Printed by EUROCONTROL, 96, rue de la Fusée, B-1130 Brussels, Belgium.  

To contact the PRC, please send an email to pru-support@eurocontrol.int. 

  

https://www.eurocontrol.int/air-navigation-services-performance-review
http://www.ansperformance.eu/
mailto:pru-support@eurocontrol.int


 
 
 

 

Technical note  

 

DOCUMENT IDENTIFICATION SHEET 

 
 

DOCUMENT DESCRIPTION 

Document Title 

Vertical Flight Efficiency 

PROGRAMME REFERENCE INDEX  EDITION EDITION DATE 

Report commissioned by the PRC Final 04 2021 

Summary 

This Technical Note has been produced by the EUROCONTROL Performance Review Commission 
(PRC), The PRC was created in 1998 to provide independent advice to the EUROCONTROL Permanent 
Commission on all aspects of ATM performance in Europe.  

 

This Technical Note, which is an update to a PRC Technical Note published in 2008, concludes that 
Vertical flight efficiency has been quite stable over the past few years but the COVID pandemic has 
had its impact on VFE as well. The report highlights the results in 2020 and the change with respect 
to 2019. In addition, the results during the COVID period are highlighted. 

Overall, vertical flight efficiency during descent has improved while it has remained quite the same 
for climbs. 

In the en-route phase, vertical flight efficiency has improved for most airport pairs. Also, the most 
inefficient airport pairs in 2019 have seen an improvement in 2020. However, the inefficiency on 
these airport pairs stayed pretty high. 

Keywords 

EUROCONTROL Performance Review Commission, ATM Performance , Vertical Flight Efficiency, Data 
Processing, Performance Review 

CONTACT: 
Performance Review Unit, EUROCONTROL, 96 Rue de la Fusée, B-1130 Brussels, Belgium. 
E-mail: pru-support@eurocontrol.int Website: www.ansperformance.eu 

 

DOCUMENT STATUS & DISTRIBUTION 
STATUS DISTRIBUTION 

Draft Ä General Public X 

Proposed Issue Ä EUROCONTROL Organisation Ä 

Released Issue X Restricted Ä 

 

mailto:pru-support@eurocontrol.int
http://www.ansperformance.eu/


 

3 

 

Table of Contents 
 

1 INTRODUCTION .................................................................................................................................................. 5 

1.1 GENERAL .............................................................................................................................................................. 5 
1.2 PURPOSE OF THE DOCUMENT .................................................................................................................................... 5 
1.3 SCOPE .................................................................................................................................................................. 5 
1.4 ACRONYMS AND TERMINOLOGY ................................................................................................................................ 5 

2 DATA SOURCES .................................................................................................................................................. 6 

2.1 DATA COVERAGE .................................................................................................................................................... 6 
2.1.1 Number of flights .......................................................................................................................................... 6 
2.1.2 Geographical coverage ................................................................................................................................. 7 

2.2 DATA QUALITY ....................................................................................................................................................... 8 

3 VERTICAL FLIGHT EFFICIENCY DURING CLIMB AND DESCENT.............................................................................10 

3.1 METHODOLOGY ................................................................................................................................................... 10 
3.2 RESULTS ............................................................................................................................................................. 10 

3.2.1 Time in level flight ....................................................................................................................................... 10 
3.2.2 Median CDO/CCO altitude .......................................................................................................................... 13 
3.2.3 Share of unimpeded flights ......................................................................................................................... 15 
3.2.4 Median CDO/CCO altitudes versus average time flown level ..................................................................... 16 
3.2.5 Potential fuel benefit pool ........................................................................................................................... 17 

3.3 PARIS AIRPORTS ................................................................................................................................................... 19 

4 EN-ROUTE VERTICAL FLIGHT EFFICIENCY ...........................................................................................................23 

4.1 METHODOLOGY ................................................................................................................................................... 23 
4.2 RESULTS ............................................................................................................................................................. 24 

4.2.1 RAD constraints ........................................................................................................................................... 24 
4.2.2 Total en-route vertical flight inefficiency .................................................................................................... 27 
4.2.3 Average en-route vertical flight inefficiency ............................................................................................... 29 
4.2.4 Top 20 airport pairs in 2019 ........................................................................................................................ 30 

5 CONCLUSIONS ...................................................................................................................................................33 

6 REFERENCES ......................................................................................................................................................34 

7 APPENDICES ......................................................................................................................................................35 

 
  



 

4 

 

LIST OF FIGURES 
 
Figure 1: Data coverage on 01/05/2015 ............................................................................................................................. 7 
Figure 2: Data coverage on 01/05/2020 ............................................................................................................................. 8 
Figure 3: Distribution of update intervals for PRU data ..................................................................................................... 8 
Figure 4: Rolling window for level segment detection ..................................................................................................... 10 
Figure 5: Average time flown level per flight during descent ........................................................................................... 11 
Figure 6: Average time flown level per flight during climb ............................................................................................... 12 
Figure 7: Average time flown level per flight during descent below FL075 (noise impact) .............................................. 13 
Figure 8: Average time flown level per flight during climb below FL105 (noise impact).................................................. 13 
Figure 9: Median CDO altitude ......................................................................................................................................... 14 
Figure 10: Median CCO altitude ........................................................................................................................................ 15 
Figure 11: Percentage of CDO flights ................................................................................................................................ 16 
Figure 12: Percentage of CCO flights ................................................................................................................................ 16 
Figure 13: Median CDO/CCO altitudes vs. average time flown level (2020 vs. 2019) ...................................................... 17 
Figure 14: Potential fuel benefit for the top 20 airports (2020) ....................................................................................... 18 
Figure 15: Average potential fuel benefit per flight for the top 20 airports (2020) ......................................................... 19 
Figure 16: Trajectories with level segments highlighted in red (April 2020) .................................................................... 20 
Figure 17: Monthly values of average time flown level (LFPG - 2020) ............................................................................. 20 
Figure 18: Monthly values of median CDO/CCO altitudes (LFPG - 2020) ......................................................................... 21 
Figure 19: Monthly values of share of CDO/CCO flights (LFPG - 2020) ............................................................................ 21 
Figure 20: Example of distributions of maximum altitudes .............................................................................................. 23 
Figure 21: Number of constrained airport pairs and flights ............................................................................................. 24 
Figure 22: Altitude constraints of the impacted airport pairs .......................................................................................... 25 
Figure 23: Great circle distances of airport pairs affected by RAD constraints ................................................................ 26 
Figure 24: Evolution of total en-route vertical flight inefficiency ..................................................................................... 27 
Figure 25: Heat map for total VFI during AIRAC cycle 1907 ............................................................................................. 28 
Figure 26: Heat map for total VFI during AIRAC cycle 2007 ............................................................................................. 28 
Figure 27: Evolution of average en-route vertical flight inefficiency per flight ................................................................ 29 
Figure 28: Heat map for average VFI during AIRAC cycle 1907 ........................................................................................ 30 
Figure 29: Heat map for average VFI during AIRAC cycle 2007 ........................................................................................ 30 
Figure 30: Vertical trajectories during AIRAC 1907 .......................................................................................................... 31 
Figure 31: Vertical trajectories during AIRAC 2007 .......................................................................................................... 31 
Figure 32: Lateral trajectories during AIRAC 1907 ............................................................................................................ 31 
Figure 33: Lateral trajectories during AIRAC 2007 ............................................................................................................ 31 
Figure 34: Average VFI per flight for the top 20 airport pairs in 2019 .............................................................................. 32 
 
 

LIST OF TABLES 
 
Table 1: Acronyms and terminology ................................................................................................................................... 5 
Table 2: Number of flights available and fit for use (2019-2020) ....................................................................................... 6 

  

file://///sky.corp.eurocontrol.int/DFSRoot/Groups/HQ/dgof-pru/Project/Vertical_flight_efficiency/2015/Deliverables/PRC%20Technical%20Note_Vertical%20flight%20efficiency%20.docx%23_Toc70076372


 

5 

 

1 INTRODUCTION 

1.1 General 

For some years, stakeholder interest in the field of the vertical aspect of flight efficiency has been increasing 
substantially, complementary to the horizontal aspect. The PRC first addressed Vertical flight (in)efficiency in 
2008 with the publication of a PRC Technical Note estimating the impact of ATM on vertical flight efficiency 
(Performance Review Commission, 2008). Since 2015, the PRC and its supporting unit the Performance 
Review Unit (PRU) has been continuing this work by developing and testing possible performance indicators 
for vertical flight efficiency. 
Vertical flight efficiency during the climb, descent and en-route phases of flight are continuously monitored 
and the results are published on a regular basis on ansperformance.eu. In addition, reports for specific airports 
and airport pairs can be requested on this website. 

1.2 Purpose of the document 

This PRC Technical Note updates the PRC Technical Note published in 2008. It gives an overview of the latest 
observations regarding vertical flight efficiency during the climb, descent and en-route phases of flight. 

1.3 Scope 

This Technical Note analyses vertical flight efficiency during the climb and descent phases of flight departing 
from or arriving at airports in the ECAC area during 2019-2020.  

The results for en-route vertical flight efficiency are presented for airport pairs within the ECAC area for 2020. 

1.4 Acronyms and terminology 

Table 1: Acronyms and terminology 

Term Definition 

ACC Area Control Centre 

CCO Continuous Climb Operations 

CDO Continuous Descent Operations 

CPF Profile based on correlated positions reports 

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 Standard Instrument Arrival 

http://ansperformance.eu/
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2 DATA SOURCES 

For the purposes of this Technical Note, the PRU used data available in the EUROCONTROL PRISME database, 
which provides a continuous feed of trajectory data. 
For the climb and descent metrics, the PRU used CPF data (i.e. profile based on correlated positions reports) 
based on radar data and FTFM data (last filed flight plan) for the en-route 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 pre-processing of the data determines which flight data are 
fit for purpose. This includes checks for a minimum 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 all the flights for which data were 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. 
The PRU analysis showed that the CPF data did not contain information for a large number of flights operated 
at Turkish airports, because Turkey does not provide radar data. Thus, a significant amount of trajectory data 
is missing in the climb and descent phases for flights to/from Turkish airports. 
Table 2 shows the amount of flights available in the NM data and the amount and share of flights fit for 
purpose (flights for which sufficient and reliable trajectory data are available) during 2019 and 2020. A more 
extensive list is available in Appendix A.  
 

Table 2: Number of flights available and fit for use (2019-2020) 

Airport Available flights Flights fit for use 
Share of flights fit for 

purpose 

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% 
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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 en-route methodology is available for all flights. Since only one point per flight is 
needed and a statistical method is used, all the data needed for the calculations is available. 

2.1.2 Geographical coverage 

The geographic area analysed covers almost all EUROCONTROL Member States. 
Figure 1 and Figure 2 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 and Tel-Aviv FIRs since 
2015. As earlier stated, Turkey has not provided radar data. This results in the low amounts of flights being 
analysed as mentioned before. Nevertheless, there are flights to/from Turkey that are being analysed 
because some radar data is available from neighbouring States.  
 

 
Figure 1: Data coverage on 01/05/2015 
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Figure 2: Data coverage on 01/05/2020 

2.2 Data quality 

 
Figure 3: Distribution of update intervals for PRU data 

 
Figure 3 shows one high peak and one lower peak at update intervals of respectively 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. 
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As previously examined and described in (Performance Review Unit, EUROCONTROL, 2017), the update 
interval has an impact on the results. In general, the lower the update interval, the more accurate level flight 
can be detected. The results presented in (Performance Review Unit, EUROCONTROL, 2017) also indicate 
that more level flight can be detected when the update interval is lower. 
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3 VERTICAL FLIGHT EFFICIENCY DURING CLIMB AND DESCENT 

3.1 Methodology 

The methodology for vertical flight efficiency during climb and descent is explained in detail in (Performance 
Review Unit, EUROCONTROL, 2017). Level flight is measured within a radius of 200 NM around an airport and 
the main assumption is that level flight is inefficient. The methodology ŘƻŜǎƴΩǘ ǘŀƪŜ ƛƴǘƻ ŀŎŎƻǳƴǘ non-optimal 
positions of the Top of Climb/Descent, e.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 level 
when the trajectory stays within a 
fictional window as can be seen in Figure 
4. 
This window has temporal and altitude 
dimensions related to a specific vertical 
velocity that is considered to be the limit 
between level flight and climb/descent. 
This limit has also been under discussion 
in the CCO/CDO Task Force, whose purpose was to propose a harmonised methodology to assess vertical 
flight efficiency during climb and descent. The Task Force followed the recommendation of the PRC and PRU 
to use 300 feet per minute as a limit for the vertical velocity. Consequently, the dimensions of the window 
have to adhere to the following relationship: 
 

ὣ

ὢ
σππ ὪὩὩὸ ὴὩὶ άὭὲόὸὩ 

 
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 at every interval 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 linear interpolation 
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 

Figure 5 presents the average time flown level per flight 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. 
Figure 6 shows the 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 room for improvement 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 happening, so more continuous climbs could be achieved. 

 
Figure 4: Rolling window for level segment detection 
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In addition, many en-route 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 more time for coordination 
during handovers to neighbouring sectors. 
Figure 5 and Figure 6 also present the values for the COVID period (01/03/2020-31/12/2020). For most 
airports, the values are a bit lower in this period. This is expected since a lower number of flights usually 
results in a lower amount of possible conflicts. Levelling off an aircraft is one method for deconfliction so 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 the COVID period. 
The numerical results can be found in Appendix B.1 for the descent and in Appendix B.2 for the climb. 
 

 
Figure 5: Average time flown level per flight during descent 
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Figure 6: Average time flown level per flight during climb 

3.2.1.2 Descent below FL075 and climb until FL105 (noise impact) 

Climbs and descents at lower altitudes have an environmental impact on noise and on 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 feet (CANSO; ACI;, 2015). 
It is clear from Figure 7 and Figure 8 that the amount of level flight that occurs in those parts of the vertical 
profile where noise is the principal environmental impact, is 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 between the 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 almost 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. 



 

13 

 

 
Figure 7: Average time flown level per flight during descent below FL075 (noise impact)  

 

 
Figure 8: Average time flown level per flight during climb below FL105 (noise impact) 

3.2.2 Median CDO/CCO altitude 

Not only the duration of level flight but also the altitude of the level 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 flight. This information 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 median CDO and CCO altitudes. The figures show that 
continuous descents until the runway start at much lower altitudes than continuous climbs, probably due to 
specific arrival 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. The median 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. 
 

 
Figure 9: Median CDO altitude 






















































