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KEY MESSAGE

European	stakeholders	and	the	SESAR	Joint	Undertaking	are	working	on	the	development,	definition	
and validation of new and advanced concepts. Several of these new concepts or deliverables may have 
an	influence	on	CDO	performance,	due	to	the	use	of	new	technologies,	system	support	tools	and	aircraft	
capabilities.

In addition, ongoing and planned studies will develop alternative and complementary metrics using 
machine learning and the availability of enhanced data sources.

The	objective	of	this	appendix	is	to	give	an	overview	of	the	opportunities	identified	by	the	Task	Force	
that may lead to further optimisation in the future, but require R&D work before they will be at the 
requisite	technology	readiness	level	for	pan-European	or	fleet	rollout.

APPENDIX O: FUTURE DEVELOPMENTS

O1: Shallower approaches
It is acknowledged that the average idle descent profile can vary depending on aircraft type, weight, speed profile and 
atmospheric conditions (wind and temperature). The nominal aircraft descent profile is roughly a 3º glidepath although it 
varies on a flight-by-flight basis (due to altitude, aircraft weight, aircraft type, wind, weather etc.). 

Modern aircraft types with optimised aerodynamic performance may have better lift-over-drag ratio and therefore, a shal-
lower descent angle, while some business aviation aircraft may be optimised for steeper descent profiles. Studies are on-
going to assess the best angles for fuel savings in the descent, and mitigation of noise from arriving aircraft at lower levels.

On newer, more aerodynamically efficient low-drag aircraft (i.e. A350 and B788), it may not be possible to deliver optimal 
low noise arrivals within current airspace structures with varying base levels as these aircraft types may require shallower 
descent segments in the initial approach in order to reduce speed on approach and remain in a LP/LD configuration. As an 
example, passing 6,000ft these aircraft could be approximately 24 track miles to touchdown, rather than the ‘normal’ situa-
tion of 6,000ft at around 20nm to touchdown.

In some instances, descending aircraft are compliant with the current UK CDO definition but operate in a higher drag config-
uration, such as a shallower descent angle, with additional flaps deployed (as newer aircraft types may require flap at speeds 
others do not) and higher engine thrust. Overall, this would be noisier than a CDO LP/LD procedure.

LP/LD is the collective term used for describing the lowest noise configuration for a given speed and / or altitude during 
the approach. Selecting more flap than required for a given speed will typically lead to more airframe noise, higher engine 
power due to greater drag, and thus increased noise. 

A previous review of CDO noise performance undertaken by NATS in 1999 considered only flap angle during the final ap-
proach phase and concluded that LP/LD offered no more than 1 dB noise reduction. In contrast, deployment of the landing 
gear significantly increases airframe noise and aircraft drag, and maintaining the flight path requires increases in engine 
thrust. The combined effect may be to increase noise by as much as 5 dB (see section 2.2 for more information).

NATS have found that the high compliance percentage associated with the current CDO definition in the UK means that air-
lines and ATC are not sufficiently incentivised to improve current operations to further reduce aviation noise. An alternative 
definition is required to incentivise airlines and ATC to make additional reductions in aviation noise, while also adapting it 
to allow for the optimum low noise arrivals on new aircraft types. Concurrent CDO and LP/LD operations will deliver quan-
tifiable noise benefits, while simultaneously reducing emissions and fuel burn.
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Low noise approaches are being studied in the UK by NATS and the UK CAA. The hypothesis in the study is that a 
combination of new fleet mixes and aircraft performance capabilities can enable shallower angle approaches. This 
may result in less noise than traditional CDOs (in particular, when the aircraft is changing configuration) and may be a 
preferred way of flying a low level approach at airports where noise is a particular issue. 

An outcome could see aircraft flying lower over the same point on the ground than before, but more quietly. With 
such an approach, there is the possibility that the vertical descent rate, under some circumstances, could fall below 
the 300ft/min threshold for level flight segment identification and could therefore be classed as a level (inefficient) 
segment under the current CDO definition. The study in the UK was based on four aircraft types (A388, B788, A320 and 
DH8D) and the final conclusions of the study should be available in 2020.

The study’s objectives were to investigate and develop a refined assessment methodology for the operation and 
measurement of low-noise arrivals that accommodate LP/LD operations. The focus was on optimising approaches to 
deliver an LP/LD configuration in the main areas of concern for approach noise between 7,000ft and 1,800ft above 
aerodrome level. 

A further objective of the study was to develop a new metric that will complement the current CDO definition and pro-
vide a new target for reducing arrival noise in the near term on both the current in-service fleet and new aircraft types. 

The results indicated that descent profiles in the range of 2.4º-2.7º27, dependent on aircraft type, are the optimal 
angles for the quietest descent in the initial approach phase (below FL70). These descent angles are approximately 
equivalent to descent rates of 720-810ft/min with an 180kts TAS. The study also confirmed previous work that demon-
strated that the noise benefit of a CDO would vary, depending on the altitude and length of level flight associated with 
a non-CDO, as well as the descent rate and associated thrust settings of the CDO flight. 

Previous analysis has shown that a typical non-CDO has approximately 5nm of level flight at altitudes between 3,000 
and 6,000 ft. Compared to a perfect CDO, this results in noise increases of up to 2.5 to 5 dB, varying over distances of 
approximately 10-20nm before touchdown.

O2:  Moving the objective from achieving a continuous vertical 
 profile to an optimised vertical profile
For a large number of flights, there are options available for the FMS to calculate an optimum climb and descent pro-
file, optimised against the business needs of the Airspace User for that flight. However, aircraft are not always able 
to follow the FMS plan, because ATC needs to ensure that separation between aircraft is always above the separation 
minima. This may be achieved through strategic constraints published as part of the SID or STAR procedures that aim 
at ensuring separation between traffic flows, or though ATC tactical instructions. In addition, SIDs and STARs may have 
vertical constraints aimed at ensuring clearance above high terrain or at reducing noise impact over populated areas. 
Both tactical and published constraints may limit the freedom for aircraft to fly their optimum FMS-calculated flight 
profile. 

The FMS-calculated climb and descent profile is typically a continuous profile, except where short level-off segments 
are required for speed adjustment. Disruptions due to ATC’s strategic or tactical constraints may happen when the 
flight is required to level-off at some point, thereby interrupting the continuous climb or descent profile, but also 
just by adjusting the rate of climb or descent, so that the flight is allowed to climb or descend continuously, but at a 
non-optimum rate28.

27- Based on a 220kts/180kts speed schedule and calculated from 1.06 million flight profiles.
28- A non-optimum rate refers to a rate of climb or descent different from the FMS-calculated rate. A key factor for optimising the descent 
profile from an aircraft point of view, is to limit any maximum ATC speed constraints in order to let an aircraft decelerate as planned by the FMS.
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The ICAO CCO and CDO Manuals (respectively Doc 9931 and 9993) provide guidance for airspace and procedure design 
based on assumptions of what the most common rates of climb and descent are29, but also recommend that constraints be 
minimised as much as possible. An “at or below” or an “at or above” constraint is preferable to an “at” constraints, because 
they are less restrictive, and will therefore allow more aircraft to fly their desired or optimal profile. 

‘At or below’ constraints may offer an opportunity for optimisation even when they are not consistent with the FMS profiles. 
The behaviour of a majority of current FMSs is to replace an idle descent path by a geometric path, computed at a constant 
FPA, after an ‘at and below’ constraint. SESAR research30 however has confirmed that for aircraft that have been subject to 
an ‘at or below’ constraint below their FMS-optimum profile in the descent phase, levelling off and calculating a new top-of-
descent (which is referred to as re-cruising), is often more efficient than it would be to continue descending. 

If the aircraft begins its descent to the next constraint too early, the aircraft would leave its current flight level, where fuel 
consumption is at its lowest, and would continue its descent at a lower rate (using thrust) to arrive at the next constraint. 

Alternatively, the aircraft could maintain the cruise at the current altitude (which is referred to as re-cruise) before descend-
ing from the new FMS-calculated optimal descent point to arrive at the next constraint. Even though it may be counterin-
tuitive, levelling off (re-cruising) and calculating a new top-of-descent - as illustrated in Figure 61 - is typically more fuel-ef-
ficient than continuing the descent at a lower rate, which would take the aircraft even further below its optimal profile, so 
increasing fuel burn. 

29- For example, ICAO Doc 9931 proposes that arrival routes be designed to accommodate descent rates of vertical loss over distance in the 220 - 350ft/nm range;  
(the corresponding rate of descent will depend on the aircraft’s ground speed; for example, for a ground speed of 240kts, 220-350ft/nm would correspond to a rate 
of descent of 880-1400ft/min, and for a ground speed of 360kts, the corresponding rate of descent to lose 220-350ft /nm would be 1320-2100ft/min, the actual figure 
depends on the groundspeed of the aircraft) 
30- SESAR project PJ.01-03b Validation report, section 5.2.3, available at https://cordis.europa.eu/project/id/731864/results

Figure 61: Illustration of a re-cruise operation – demonstrating the new optimised “ToD” obtained by the re-cruising technique

Controllers should be trained to facilitate these fuel saving, intermediate level-offs whenever possible. For aircraft with 
FMS, a new ToD will typically not be recalculated for the re-cruise; the Flight Crew should use the original descent profile as 
guidance (by monitoring the vertical deviation indicator when available), and level-off until intercepting the original FMS 
descent profile.



4   European CCO / CDO Action Plan

Likewise, during the climb, it will typically be more efficient to climb at a higher rate and level-off until passing an “at-or-
below” constraint point than to climb at a lower rate in order to avoid the level-off.

In summary, a more continuous vertical profile may not always be more efficient, and there is no simple geometric cri-
terion that allows a straightforward assessment of the efficiency of vertical profiles to be made. The Action Plan (Appendix 
B) proposes “average time in level flight” as a metric for measuring CCO / CDO performance, a harmonised metric agreed 
by consensus of the Task Force members, based on their combined experiences and practices of measuring CCO and CDO. 
Appendix B also explains why the Task Force consider that the proposed indicator is preferable to the binary continuous / 
non-continuous descent indicator currently in use in RP3, but the Plan does describe its limitations and recommends cau-
tion in its interpretation. 

SESAR proposes that in the future, a move should be made away from CCO / CDO to OCO / ODO (Optimised Climb Opera-
tions / Optimised Descent Operations) to better reinforce the notion that a more continuous profile may not always be the 
most efficient.

The Task Force urges the R&D community to engage with operational stakeholders in developing sophisticated indicators 
that use surveillance data to better estimate the efficiency of the vertical profile in the climb and descent phase in terms of 
fuel and noise impact.

An interesting development activity in this area was presented to the Task Force by ENAC and DSNA, who have used 
machine learning to develop a methodology to estimate fuel consumption and flap settings on approaches. 

The development of the model required the use of QAR data, but once the model had been built the fuel consumption 
and noise impact (based on a combination of an estimation of the engine and flap settings) could be estimated with a high 
degree of accuracy using only radar data. 

The model was developed based on A320 data but was validated against both A320 and B737 QAR data. Mean errors be-
tween predicted and overall fuel burn were less than 10kg, with less than 2nm differences between the actual and predicted 
flap extension points. From these predictions, two indicators were calculated to monitor how efficient the descent was in 
terms of fuel and noise impact. 

The presentation included, as an illustration, examples taken from real flights with descents that included a level-off and 
yet had a good performance in terms of fuel consumption, and whose efficiency was well captured by the indicators. It also 
included descent profiles with no level-off (i.e. continuous descent profiles) but were still inefficient in terms of fuel impacts, 
for which the indicators captured the inefficiency that would be hidden by a time-in-level-flight indicator. These cases high-
light a potential limitation of the time-in-level-flight indicator that is proposed in Appendix B as a refinement of the current 
binary indicators (continuous descent YES / NO). 

The Task Force notes that the change of focus from facilitating a continuous descent to facilitating an optimised descent 
within the existing constraints entails a significant change of mind-set, which will require significant dissemination effort. 
Extending the scope of the ICAO guidance material to address Optimised Climb Operations and Optimised Descent Opera-
tions, instead of the current Continuous Climb Operations and Continuous Descent Operations, will also be required. 

O3: Permanent Resume Trajectory
In current operations, Flight Crews have limited support from the avionics to manage the descent profile when the opti-
mum FMS-calculated profile cannot be facilitated by ATC. As a result, when ATC imposes constraints, the flight must often 
be flown in selected or manual mode. This results in Flight Crews often having to rely on rules of thumb for deciding which 
rate of descent to fly when they are being vectored for arrival sequencing or given shortcuts in a trombone or point-merge 
structure. Often, these rules of thumb need to be combined with assumptions based on their previous experience flying 
into the same airport regarding what to expect (which speeds, which vertical constraints etc.). 
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In the SESAR programme, the Permanent Resume Trajectory (PRT) FMS function is being developed to support the Flight 
Crew31 in these situations. In the first phase, the concept will be purely airborne and will provide continuous support for 
the management of the vertical profile in all situations, including while flying on headings. It will also include the possibility 
for the Flight Crews to enter the planning information as it becomes available to them while being vectored through the 
“capture at” and “keep track until” sequences (see Figure 62 and Figure 63). In the second phase, the PRT function may be 
combined with air / ground synchronisation concepts, by allowing the planned resume point to be shared with the cockpit, 
for instance, so that it can be used for descent planning purposes. 

31- SESAR solution PJ.01-03b “Dynamic E-TMA for advanced continuous climb and descent operations” 
(https://www.sesarju.eu/sesar-solutions/dynamic-extended-tma-e-tma-advanced-continuous-climb-and-descent-operations) and SESAR 2020 solution PJ.01-08B 
“Dynamic E-TMA for advanced continuous climb and descent operations and improved arrival and departure operations”

Figure 62: “Capture at” manual adjustment sequence. Source SESAR PJ.01-03b, D.3.4.030 - 
THALES FMS display visual and layout reproduced by courtesy of THALES AVS and AIRBUS

 
Figure 63. “Keep track until” manual adjustment sequence. Source SESAR PJ.01-03b, D.3.4.030 - 

THALES FMS display visual and layout reproduced by courtesy of THALES AVS and AIRBUS
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O4:	Floating	Track	to	fix	concept
When Controllers vector aircraft for arrival, the uncertainty over the DTG for the Pilot, makes it difficult to plan an efficient 
descent. The floating track to fix concept is based on the use of a floating fix that can be positioned by ATC to achieve the 
desired path extension in a more predictable manner than current vectoring techniques. ATC tools would be useful to 
support Controllers in managing the position of the floating fix and could be synchronised with an AMAN schedule. This 
concept could have synergies with the advanced PRT concept, where the Controller will share the planned point where the 
aircraft will be cleared to resume its own navigation with the cockpit. The floating track-to-fix concept has been described 
by EUROCONTROL32, but is not currently being developed by any research project.

32- De Smedt (2019). Continuous Descent Operations Future Ideas. 

Figure 64: Floating Track to Fix (FT)

O5: Dynamic attribution of arrival routes

In the arrival phase, arriving aircraft converge towards the airport, and aircraft naturally need to get closer to each other, 
making maintaining lateral separation between aircraft (with minima normally being 5nm in en-route airspace and 3nm in 
the terminal area) more challenging.

ATC frequently needs to resort to vertical constraints. Where airspace is available, the “dynamic attribution of arrival routes” 
concept may mitigate the need for vertical constraints. The concept is based upon assigning laterally separated routes to 
aircraft, in combination with speed or time constraints, in order to delay the point of convergence until the longitudinal 
separation has been achieved, so that there is no need for vertical constraints. 

Figure 65 shows an example of the Point Merge route design that was used for a SESAR real time simulation in the Paris Orly 
airport environment. 
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33- SESAR 2020 solution PJ.10-02b “Advanced Separation Management “(https://www.sesarju.eu/sesar-solutions/advanced-separation-management) 
and SESAR 2020 solution PJ.18-W2-56 “Improved Vertical Clearances through Enhanced Vertical Clearances”.
34- It should be noted that when vertical constraints are used for separation, compliance needs to be assured. 
This links the success of this concept to the related concept described in section O.9 of this appendix, “Addressing the automatic deletion of FMS constraints issue”.

Figure 65: Example of arrival routes for the dynamic arrival route attribution concept. 
Source PJ.01-03b, D.3.4.030

 

O6: Enhanced Vertical Clearances

The Extended Projected Profile (EPP) makes it possible for ATC to receive information on the FMS predicted profile. The “En-
hanced Vertical Clearances” concept is being researched in SESAR33 uses EPP information to enhance vertical profiles. The 
idea is to up-link vertical constraints that must be taken into account by the FMS in its calculation of the predicted profile 
of the aircraft. This will ensure that vertical separation is maintained, and so reduce the uncertainty in the vertical domain. 

These constraints are only imposed where necessary, and allow Controllers to maintain vertical separation with a minimum 
of deviation34 required by aircraft away from their FMS profiles, in situations where today they would either have to level-off 
or adopt a rate of climb or descent that is not necessarily consistent with what the FMS considers to be the optimal profile. 
In the cockpit, the constraints are received as a CPDLC message. In the current systems, the message can be auto-loadable, 
but only if it is uplinked to the whole route. The usability of the auto-loadable messages will be improved in the future.
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Figure 66. Example of prototype Controller HMI used in SESAR V1 validations of the Enhanced Vertical Clearance concept. 
Source: PJ.10-02b, D5.1.030

Figure 67. Example of auto-loadable CPDLC messages with a vertical constraint. Source: PJ.10-02b, D5.1.030 
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O7: Extension of CPDLC below FL 285
When information or clearances are uplinked via Controller Pilot Data Link Communications (CPDLC), there is a possibility 
that they can be auto-loaded to the FMS35, which opens up more opportunities for optimisation. In current operations, 
CPDLC is only available above FL285 so that the Required Communication Performance (RCP) and cockpit Human Machine 
Interface (HMI) are adapted to the needs of the en-route environment. It is acknowledged that for CPDLC to be extended 
to lower levels, the technical and operational requirements would need to be adapted to the more dynamic environment 
of the climb and descent phases of flight. Important human performance issues (such as Pilot head-down time) would also 
need to be addressed. 

For some of the concepts detailed in this Appendix, CPDLC is essential (e.g. the enhanced vertical clearances concept). Even 
when the concept does not strictly require CPDLC, there may be opportunities for optimisation if it were available (e.g. in 
the DTG concept, where the information could be sent directly to the FMS). 

The SESAR programme has conducted preliminary research into datalink extension36 and is also developing the technical 
enablers that will support datalink with lower latency, as per the requirements put forward in the Communications Oper-
ating Concept and Requirements for the Future Radio System (COCR) version 2.037. The future datalink service will be pro-
vided in a service-oriented multilink environment38; the service will be available in all operational environments, and SESAR 
developments include new terrestrial datalinks through the 5GHz band (AEROMACS39) and the L-band (LDACS40), as well as 
datalink via satellite41.

O8: Consideration of the FMS Top of Descent (ToD) by ATC
In busy airspace, ATC often asks aircraft to start their descent before the FMS-calculated ToD. This sometimes responds to a 
real need for the aircraft to comply with a vertical constraint, but in some cases may simply be due to Controller workload 
management, i.e. the Controller providing the descent clearance early in order to free resources for other tasks to be per-
formed later. The ToD can be sent to the ground though the EPP. It is expected that the availability of the ToD on the ground 
will reduce the rate of early descents. 

The related “descend-when-ready automatic clearance” concept is based on the automatic uplink of the descend-when-
ready clearance so that an aircraft can descend at its own discretion, provided the conflict detection function has not de-
tected any conflicts. 

The Controller is, of course, always able to cancel the automatic uplink or to modify the clearance at any time after it has 
been issued. This more advanced concept addresses, in particular, the early descent requests motivated by the need for 
Controllers to manage their workload. It requires EPP, and is currently being researched in the SESAR programme42.

35- On modern FMS with 4D trajectory functionality only
36- ATC Full datalink Large Scale Demonstration (report available at https://www.sesarju.eu/node/1506)
37- EUROCONTROL and FAA (2007). Communications Operating Concept and Requirements for the Future Radio System (COCR) version 2.0. 
https://www.eurocontrol.int/sites/default/files/field_tabs/content/documents/communications/cocr-future-radio-system-v.2.pdf
38- SESAR 2020 solution PJ.14-02-04 “Future Communications Infrastructure (FCI) network technologies” and SESAR 2020 solution PJ.14-W2-77 “FCI services” 
https://www.sesarju.eu/index.php/sesar-solutions/fci-network-technologies 
39- SESAR 1 solution 102 “Aeronautical mobile airport communication system (AeroMACS)” 
(https://www.sesarju.eu/index.php/sesar-solutions/aeronautical-mobile-airport-communication-system-aeromacs), and SESAR 2020 solution PJ.14-02-06 “AeroMACS 
integrated with ATN, Digital Voice and Multilink” (https://www.sesarju.eu/index.php/sesar-solutions/aeromacs-integrated-atn-digital-voice-and-multilink)
40- SESAR 2020 Solution PJ.14-02-01 “Future communication infrastructure (FCI) terrestrial datalink” and SESAR 2020 solution  PJ.14-W2-60 “FCI Terrestrial Datalink and 
A-PNT Enabler (L-DACS)” (https://www.sesarju.eu/index.php/sesar-solutions/future-communication-infrastructure-fci-terrestrial-datalink)
41- SESAR 2020 Solution PJ.14-02-02 and SESAR 2020 solution PJ.14-W2-107 “Future Satellite Communications Datalink (FCI Datalink)” 
(https://www.sesarju.eu/sesar-solutions/future-satellite-communications-datalink-fci-datalink)
42- SESAR PJ.18-02a and W2-PJ.18
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O9: Addressing the automatic deletion of FMS constraints issue
The descend- and climb-via SIDs and STARs instructions aim at enabling CCO and CDO through a series of vertical con-
straints along the trajectory in order to de-conflict traffic flows and ensure clearance from terrain, but in some cases, their 
implementation has been hindered by the lack of compliance with the constraints43.

It is known that some of the instances of non-compliance are associated with the automatic deletion of certain constraints 
in some FMSs, whose logic was not designed to support the systematic use of constraints that is required by descend-via 
and climb-via instructions. It is not known if this issue may also affect the ad-hoc constraints uplinked via CPDLC for the 
“Enhanced Vertical Clearances” concept described above. R&D is needed to develop the avionics and associated Flight Crew 
procedures to ensure that vertical constraints are not deleted under any circumstances, e.g. by ensuring substitution by a 
constraint in the abeam point in the situation in which a later waypoint becomes the active waypoint (for example in the 
case of a direct-to clearance). This will avoid the deletion of constraints that are initially considered superfluous by the FMS 
because they are in agreement with the FMS calculated profile and are therefore non-constraining, but may become con-
straints if the clearance changes, etc.

Figure 68: Illustration of the “descend when ready” automatic clearance concept: the Controller HMI shows a yellow hourglass icon to 
indicate the automatic clearance will be automatically uplinked unless blocked by the (human) Controller. 
Source: SESAR W1-PJ.18-02a project

43- See, for example, SESAR Optimised Profile Descent Demonstration report. LSD.01.03-D03, section 6.7.3.1.1.2.5.1. Document available at: 
https://www.sesarju.eu/newsroom/brochures-publications/optimised-descent-profiles-odp

https://www.sesarju.eu/newsroom/brochures-publications/optimised-descent-profiles-odp
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O10: Improvement of Flight Crew support 
for management of vertical constraints

It is expected that the number of vertical constraints will continue to increase (see, for example, the enhanced vertical clear-
ances concept described above) and, as a result, the on-board monitoring process of compliance will inevitably become 
more complex. 

R&D is needed to make it easier for Flight Crews to introduce vertical constraints into the FMS and monitor the evolution 
of the flight, taking vertical constraints into account. These developments will facilitate the flying of the path in “managed 
mode”, so reducing the time flown in other modes, and thus allowing Pilots to extract the maximum benefits from the FMS’s 
optimisation possibilities. 

O11: Including limitations to the descent speed 
in published procedures

The FMS-calculated profile is optimised against the weather and flight-specific performance parameters while taking into 
account the CI. An Aircraft Operator for a specific aircraft type usually defines the CI; it reflects the cost of time versus the 
cost of fuel, with CI zero representing the minimum fuel burn for the trip, at the expense of a longer flight time. Higher CI 
settings result in higher speeds in all phases of flight. Regardless of the CI, the FMS-calculated descent will be at near-idle 
thrust. During the climb, the higher the CI, the shallower the climb path will be, while during the descent, the higher the CI 
the steeper the descent path will be. In addition to the CI, the aircraft weight and the forecast weather parameters will also 
affect the climb and descent profile angle calculated by the FMS.

For ATC, the arrival sequencing and separation task becomes more complex when aircraft are flying at different speeds, and 
the tendency in busy airspace is to restrict speeds to make them uniform. 

Unless speed reduction is needed to absorb delay, Controllers will typically try to minimise the penalisation that speed 
restrictions cause by instructing aircraft to fly “the most common speed”, which may require some aircraft to fly faster than 
they would otherwise have done. 

Even though the establishment of published speed restrictions always requires a local study, it would be useful to conduct 
R&D to establish generic rules on where speed restrictions may support an overall reduction in fuel burn. ANSPs could then 
use the studies to assess the role that speed restrictions may play in their operational environments. 

O12: Development of new FMS algorithms
The European CCO / CDO Action Plan is aimed at providing guidance on how to make it possible for aircraft to fly closer to 
the FMS profile. However, there may also be room for improvement in the FMS itself. For example, fuel saving opportunities 
have been identified by using a variable speed setting during the descent, which allows fuel consumption to be reduced 
further below the current minimum obtained by using a constant speed setting at cost index zero44, but at the expense of a 
longer flight time. R&D is required to advance on these ideas.

44- Altava, R., Mere, J., Dlahaye, D., & Miquel, T. (2018). Flight Management System Pathfinding Algorithm for Automatic Vertical Trajectory Generation. DASC 2018. 
London (United Kingdom): 37th AIAA/IEEE Digital Avionics Systems Conference 
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O13:  SID allocation at the runway holding point based 
on aircraft performance data

In complex TMAs containing two or more airports, conflicting departures from two different airports are often separated by 
the incorporation of vertical constraints in the SIDs, with the same constraints being applied regardless of the aircraft type 
and planned vertical profile. 

For example, departures from airport AAAA will always be below departures from airport BBB, or will fly a SID over a certain 
waypoint that is not available to departures from other airports. The availability of eFPL data makes it possible to better 
anticipate the climb profile, so that different SIDs can be allocated (e.g. with the same 2D path but a different set of vertical 
constraints, or with an altogether different SID) depending on the anticipated conflicts, e.g. by giving heavy aircraft shal-
lower climb profiles. 

To a certain extent, this could be done strategically as part of the departure clearance, taking into account the rate of heavy 
versus medium aircraft expected at both airports at the time a flight is expected to take off. However, given the uncertainty 
on the duration of the taxi-out phase, for maximum benefit it would be necessary to allow the SID to be updated at the 
runway holding point, which is not possible today. 

However, this could also result in a significant increase in Flight Crew workload, which would need to be mitigated. SESAR 
research45 has considered this type of operation on a conceptual level, but no validations have yet been planned. 

Another option that could be further investigated is the optimisation of lateral departure routes so that they no longer 
conflict with other departure or arrival routes and so vertical constraints would no longer be required. An example is a de-
parture with an early turn.

O14:  Use the dataset of downlinked EPPs to improve SID and 
STAR design and ATC procedures

In current operations, SIDs, STARs and ATC procedures are designed according to standard performance parameters, as 
ICAO’s general guidance stipulates. In the best of cases, a performance model for the specific traffic mix that will be affected 
is used, in order to minimise the impact of constraints for the typical aircraft types that fly in the area. Once initial trajectory 
sharing is deployed, it will be possible to build and maintain a dataset of the EPPs showing the FMS profiles that Airspace 
Users flying each route would have liked to fly and compare them to what was actually flown. This will make it possible to 
design procedures with fewer penalising constraints. 

45- SESAR solution PJ.01-03b “Dynamic E-TMA for advanced continuous climb and descent operations” 
(https://www.sesarju.eu/sesar-solutions/dynamic-extended-tma-e-tma-advanced-continuous-climb-and-descent-operations) 
and solution PJ.01-02 “Use of arrival and departure management information for traffic optimisation within the TMA” 
(https://www.sesarju.eu/sesar-solutions/use-arrival-and-departure-management-information-traffic-optimisation-within-tma)
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O15:  Airspace or operations? 
Analysing	the	factors	affecting	vertical	efficiency	in	descent

Work has been undertaken to analyse the factors affecting vertical efficiency in the descent phase and, in particular, to 
quantify the respective contributions of airspace and operations to this efficiency. The aim was to identify, for each airport, 
the potential sources for vertical inefficiency to which mitigations can be applied to deliver CDO performance improve-
ments. The analysis relies on measuring the vertical deviations from two types of reference profiles, a CDO profile common 
to all airports or ‘best profiles’ of each airport, in relation to the horizontal deviation46. 

How does it work? Figure 69A below shows the vertical profiles of a downwind flow in the time period 0-25 minutes before 
final at a given airport, which approximately corresponds to a 50nm area around the airport. A systematic level-off at FL110 
may be noticed, corresponding to path stretching (vectoring prior ILS intercept). 

Figure B displays a typical CDO profile (3° slope, orange) from the entry altitude in the 50nm area, extended to the maximum 
flight time observed. Figure C introduces the notion of best profile (90th percentile).

Two inefficiency factors can then be isolated as is shown in Figure D. More precisely, overall inefficiency can be defined as 
the vertical deviation from the CDO profile, the operation inefficiency as the vertical deviation from the best profile, and the 
airspace inefficiency as the difference between both. 

46- P. Pasutto, E. Hoffman and K. Zeghal, “Vertical efficiency in descent compared to best local practices”, 
13th USA/Europe Air Traffic Management R&D Seminar, Vienna, Austria, June 2019.

Figure 69: Vertical profiles showing A, a systematic level-off, B, a typical CDO profile, 
C, the 90th percentile, and D, the inefficiency factors

The top 30 European airports were analysed focusing on the 50nm area, in daytime operations, and using one year of data 
from 2019 - to measure the extent of airspace versus operations vertical inefficiencies. 

Figure 70 (left) shows the airspace versus operations inefficiencies (structural versus tactical deviation). It reveals a variety of 
situations: the “big” terminal areas (London, Frankfurt, Amsterdam, Paris, Madrid, Munich) show logically show the highest 
airspace inefficiencies, and the airports with high levels of congestion (additional time) show the highest operational inef-
ficiencies (EGLL, EGKK, EIDW, LPPT). These findings may indicate possibilities for improvements by addressing operations.
Figure 70 (right) focuses on the operations and shows the vertical versus horizontal inefficiency (tactical deviation vs addi-
tional time). It reveals that the vertical deviation tends to increase with the additional time, however there are exceptions 
for airports with a lower vertical deviation and a higher additional time than others (e.g. LIMC or LIRF vs LEBL or LSZH). This 
suggests that the horizontal inefficiency is a key factor that can be attenuated.
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Figure 70: The structural versus tactical deviation of vertical inefficiencies (left) and the tactical deviation versus additional time (right)

To better understand the source of the operational inefficiency, let us consider two major airports with diverse situations 
(EGLL and EHAM). Figure 71 shows the vertical deviation above and below FL70 as a function of the additional time (each 
dot representing a flight; median and 90th containment displayed). This view reveals:

1. The effect of the additional time on the vertical deviation (median); and,
2. The dispersion of the vertical deviation for the same additional time (90th containment). 

It also highlights differences due to metering and sequencing techniques: below FL70 EHAM shows a significant variability 
increasing with the additional time; EGLL shows a constant and limited deviation due to CDO.

  
Figure 71: the vertical deviation above and below FL70 as a function of the additional time at EGLL and EHAM
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In conclusion, this work suggests that in order to improve vertical efficiency and CDO performance three aspects may be 
considered, depending on each airport: 

n Reducing the spread of (tactical) vertical deviation for the same horizontal deviation by reinforcing adherence to best 
local practices and systematisation of the working methods;

n Reducing the impact of horizontal deviation on (tactical) vertical deviation, by using a sequencing technique to facilitate 
CDO; and,

n Reducing the (overall) vertical deviation by re-considering airspace constraints whenever possible.

O16:		Introduction	of	flight	efficiency	considerations 
in	conflict	resolution	tools

There is also potential for improvement in the area of conflict resolution tools, which may introduce flight efficiency consid-
erations, and recommend the most efficient solution to Controllers. For example, when level-off clearances are needed for 
ensuring separation between climbing and descending aircraft, a conflict resolution tool may recommend the most appro-
priate level for reducing the negative impact on fuel or noise, while including equity considerations (to avoid having some 
Airspace Users – for example those with lighter aircraft - systematically receiving less favourable clearances). 

These concepts can be advanced without air / ground synchronisation concepts, e.g. based on fuel burn models, but data 
downlinked from the aircraft would open more possibilities, by including aircraft specific data.

O17: Extension of the ground to air sharing of DTG information

The ground-to-air sharing of the DTG information is already used at some airports and helps Flight Crews plan their descent 
in the last portion of the flight. Specific tools to assist Controllers in calculating the DTG may make it possible to extend this 
concept where it is challenging for Controllers to make the prediction. For airports where the information is already given 
today, a support tool may make it possible to give this information earlier on in the process than is usually done at present. 

O18: Use of Quick Access Recorder Data

As explained earlier in this document, there are no straightforward geometric criteria for assessing the efficiency of the ver-
tical profile. Moreover, traditional fuel assessment methodologies have been shown to have some limitations47. 

The CCO / CDO Task Force has identified the potential for improving the assessment by using data from the on-board QAR. 
QAR data can provide invaluable insight into fuel burn information and allow statistical analysis of the fuel burn and the 
degree of adherence to published procedures. 

This information can be used in multiple ways by the Airspace User, e.g. for Flight Crew procedure development and the 
design of training programmes for improving Flight Crew fuel management techniques. 

47- SESAR Optimised Descent Profiles Demonstration report. LSD.01.03-D03, section 5.3.3 (Assessment methodology), document available at 
https://www.sesarju.eu/newsroom/brochures-publications/optimised-descent-profiles-odp.
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In addition, the data can provide information on the degree to which a published procedure is actually made available 
to the Airspace User through an ATC clearance. It can provide a reliable way for Airspace Users to assess the impact that 
changes implemented in airspace design can have on fuel burn. An example below shows a typical StorkJet interface for 
visualising the potential of using QAR data in CCO/CDO performance measurements. 

Figure 72: An example of an interface that visualises potential of using QAR data for CCO/CDO performance measurement 
(source: Storkjet)

At present, another company that analyses QAR data, Jeppesen, is developing a fuel dashboard as part of its data analytics 
services. The fuel dashboard will allow precise analyses of CCO / CDO performance to be made; it will use fuel burn data from 
the QAR and the harmonised parameters agreed by the European CCO / CDO Task Force. 

It should also be noted that not all FDM data can be shared for performance measurements. There are many airlines, Ger-
man airlines for instance, which have significant union restrictions on their use of FDM data, given that performance moni-
toring in such a way may not be consistent with a non-punitive airline culture.

O19:  Increased or reduced glide slope, variable glideslope 
and displaced runway threshold

In the final segment of the approach, where the mitigation of noise impact is essential, the increased flexibility made pos-
sible by RNAV (LPV or LNAV (Lateral Navigation) -VNAV) procedures and Ground-Based Augmentation System (GBAS) pro-
cedures with respect to traditional 3° ILS can be useful. With the IGS (Increased Glideslope) concept, aircraft fly a steeper 
glide slope, in some cases even above 3.5°, as the higher flight paths may reduce the noise impact over neighbouring 
communities.
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48- PJ.02-11 and W2-PJ02. 

When the runway is long enough, displacing the threshold or setting a Second Runway Aiming Point (SRAP), by itself or in 
combination with an increased glideslope, may also help reduce noise around the airport. On the other hand, research has 
also found that in some cases shallower approach paths can also reduce the noise impact.

Figure 73. Illustration of the Increased Glide Slope concept. Source: SESAR PJ.02-02-D2.1.046.

 
Figure 74. Example of SRAP / Displaced Threshold (DT) concept in LEMD runway 18R 

used in SESAR validations. Source: PJ.02-02. D2.1.046

O20: Use of geometric (GPS) altimetry 
The use of geometric vertical navigation and optimised barometric-to-geometric vertical transition supports shorter final 
approach segments. This increases the flexibility of the design of the approach procedures and provides increased opportu-
nities for reducing the noise over populated areas located directly under the extended runway centreline. They also increase 
flexibility in the design of SIDs and STARs, which may reduce the need for vertical constraints. Advanced curved approaches 
are currently under research in the SESAR programme48. 


