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KEY MESSAGE

The following case studies provide illustrative examples of practical implementation of some of the 
good practices recommended by the European CCO / CDO Task Force and detailed in this Action Plan.

APPENDIX Q: CASE STUDIES

These case studies detail the experiences of stakeholders who implemented some of the concepts or good practices that are 
promoted in this Action Plan. They include:

n The implementation of CDO from top of descent;
n Essential ATCO / Flight Crew collaboration for a successful airspace change implementation; 
n The LoA review process;
n The development of seasonal LoAs;
n The performance impacts of CCO / CDO performance monitoring and Flight Crew feedback; and,
n The delivery of fuel saving benefits from the airline perspective.
 

Q1: Seasonal LoA (Skyguide, Switzerland)

Prior to 2017, operators into Swiss airports frequently requested to stay at their cruising FL for as long as possible in order 
to minimise the time spent at non-optimal cruising levels and therefore minimise fuel consumption. However, this was not 
possible due to several operational and technical limitations.

Skyguide undertook a safety analysis on the arrival routes, the conclusions of which established that LoA constraints on flight 
paths bring a safety benefit only when the sector capacities create delays. In other words, in low traffic periods (e.g. winter), 
LoA constraints have no impact on safety, so the LoA constraints could be reduced (i.e. raised) in order to better satisfy the 
needs of the airspace users, allowing them to fly at higher levels and reduce fuel consumption.

This analysis resulted in the creation of dynamic LoAs between Geneva ACC/APP and Marseille ACC (effective 13 September, 
2018) whereby two sets of exit level constraints were defined, one applicable in the Winter season and one in the Summer 
season (see Table 14 for XFL parameters).
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The LoA excerpt in Table 14 is not exhaustive and does not represent all existing agreements with similar purposes. The 
agreement goes to show how altitude increases can be achieved by adjusting LoAs with neighbouring ACCs. With this 
change, the service to operators was improved significantly in terms of fuel savings and reduced CO2 emissions.

Q2: CDO Implementation – the HTO Project experience

Background
The HTO project began in 2013 with the idea of developing a CDO out of cruising altitude in core European airspace for 
arrivals at Frankfurt airport, and finished with its implementation in 2016. The HTO project also tells the story of how an im-
plementation project was marked by unexpected problems and lack of acceptance on both sides (Flight Crews and ATCOs) 
from the very beginning. An enormous amount of commitment from the project participants was needed before a signifi-
cant improvement in the application could be detected by the end of 2019. 

Introduction 
The “Optimised Flying” initiative was launched by DFS together with major German airlines (Lufthansa / Condor) with the 
aim of improving the overall benefit of DFS services for the airlines. At various meetings, it became clear that the optimisa-
tion of vertical flight profiles (CDO) with the focus on a later descent, could generate significant economic benefits for the 
airlines from fuel savings and for the environment through the resulting reduction in CO2 emissions. 

In order to improve on the tactical vertical flight profiles (descend at your own discretion) which were already in use, and to 
measure potential savings, a trial was planned for 2013 / 2014, which included approaches to EDDF (Frankfurt airport) from 
the South / South-East, as a first step.

After the trial and as a result of the meeting between the “Optimised Flying” Working Group and representatives of the air-
lines on 17 July 2013, these outcomes emerged:

ATS Route COP Flight level allocation Special conditions

Summer Winter

UM623 (MEDAM – VEVAR – BARSO) VEVAR FL330 RFL Max FL for Arr LFKC / LFKB / LFKS

UY24 (VEVAR – NIZ) FL290 FL330 Max Arr for LFMD / LFMN / LFMF / 
LFTZ and LFMC / LFTF / LFTH

UN869 (MILPA – NINTU – MEBAK) NINTU FL330 FL370 Max FL for Dep Zurich list (except 
EDNY / LSZR at RFL) / Basel group / 
LSZA

UN853 (OKTET – IRMAR – BLONA – KINES) IRMAR FL340 RFL Max FL for Arr Stuttgart list / LFST. 
This flow has the most potential 
fuel gain (up to 6000ft for 20min) 
according to 2017 figures

Table 14: Winter and summer FL allocation scheme examples (Effective September 13, 2018)

Tactical shortcuts to BALSI are usable for Geneva ACC above FL245 without coordination on condition traffic is in level 
flight no later than abeam GIRM (35 nm BALSI).

During summer period (from last AIRAC March until first AIRAC November) Geneva ACC may climb such traffic up to FL350 
without verbal coordination if steady over GIRKU/NINTU.

During winter period (from first AIRAC November until last AIRAC March) Geneva ACC may climb such traffic up to RFL with-
out verbal coordination if steady over GIRKU/NINTU.
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n The results of the trial clearly showed the limits of the feasibility of a CDO in the increasingly complex airspace structure 
surrounding Frankfurt Airport. The lead times required for a decision for or against a tactical descent at own discretion 
were too long in such complex airspace; 

n The result was that most of the flights cleared for a late descent were ultimately only kept free of their points of conflict 
with an extremely high descent rate and / or with alternative heading instructions;

n For this reason, the responsible sector family at Langen ACC changed the existing route structure to enable new CDO 
and CCO procedures for a large number of flights to and from Frankfurt; 

n The development of the EMPAX STAR and the associated HTO procedure and the foundation of the HTO project group, 
consisting of two ATCOs, two Lufthansa Pilots, one from Condor and a Project Manager; and, 

n From the very beginning, the aim of the project was to enable a CDO from cruising altitude until the handover to APP 
in a virtual airspace tube while ensuring procedural separation to virtual departure tubes (making an increase in sector 
capacity possible).

Other longer-term objectives included the idea of developing a single sector or a dynamic ATC sector controlling an aircraft 
as it descended on the STAR, together with guidelines on how to give a descent clearance through multiple sectors – at 
present the HTO project was the only way that this could be achieved.

The EMPAX STAR can be found in LANGEN ACC – Sector Family 04, KNG (König) Sector and has three waypoints XINLA – XOR-
BO – ADNIS before control is transferred to EDDF APP between waypoints ADNIS and PSA at FL100.

Figure 75: EMPAX STAR from XINLA to PSA
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 The “HTO Procedure” project comprised six phases: 

1) Developing ideas for a STAR and a SID with constraints and preparation of HTO Demonstration Flights 
(including simulation); 

2) Implementation / evaluation of HTO Demonstration Flights; 
3) Preparation of the 2nd HTO Large Scale Demonstration; 
4) Execution / Evaluation of the HTO Large Scale Demonstration; 
5) Preparation for HTO regular service; and, 
6) HTO regular service. 

Phase 1: Development of a STAR and a SID with constraints

There was one main goal of the project: to enable procedural vertical separation with constraints (see below). 

The first draft of a STAR was created with constraints for a CDO out of cruising altitude, from the boundary of Switzerland to 
the transfer point PSA (transfer from ACC to APP).

Figure 76: Working Method change proposal from the HTO Project

Figure 77: Planned arrival Tube RWY25L EDDF
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Likewise, the first draft of a SID was created with constraints for a CCO for EDDF RWY18 out to FL210+ (see Figure 78).

Figure 78: Planned Departure Tube from RWY18 EDDF

This resulted in the STAR being procedurally separated from the SID with departures climbing over arrivals (see Figure 79).

Figure 79: EDDF planned RWY25L STAR (in green) and planned RWY18 SID (in yellow)

Figure 80: Vertical view of the STAR arrival tube
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The next step was to solve the issue of crossing airways. From ETASA to PSA, there were three crossing airways: Z12, Z54 
and Z818.

Figure 81: STAR details with crossing airways and RWY18 SID

The optimum profiles of aircraft arriving on RWY25L were assessed, modelled and simulated in accordance with the air-
space design guidance in ERNIP Part 1, using different descent gradients of aircraft types that regularly flew the descent into 
Frankfurt. This allowed them to develop a ‘tube’ STAR with a series of altitude windows varying between 6000ft (FL290-350) 
at EMPAX (75nm to PSA) and 1000ft (FL110-120) at XOPMO (16nm to PSA).

Figure 82: EMPAX STAR

Following the development of the EMPAX STAR, it was decided that the project would focus only on the arrival tube with the 
departure tube to be addressed at a later date. 

A major issue was also raised: there was little acceptance of the procedure by the operational ATCOs because of a 
general lack of understanding. It was at this point that the project members recognised the great importance of 
obtaining ‘buy-in’ from the ATCOs on the new procedure. 
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While Flight Crews had been involved in all previous developments, focused collaboration between the ATCOs, who were 
to facilitate the procedure, and Flight Crews, who were flying the procedure, was an essential element in the successful 
operational implementation. 

One of the main conclusions of the project was that ATCOs and Flight Crews should be very closely involved in all phases of 
new arrival procedure design in order for it to succeed.

Phase 2: Implementation / evaluation of the HTO Demonstration Flights

The first part of phase 2 was to undertake a set of demonstration flights:

n A one-month phase of demonstration flights was undertaken with Lufthansa and Condor, starting on 5 March 2016; 
n These demonstration flights took place from Monday to Friday from 05:00 - 08:00; 
n There was a maximum of six flights per day;
n Lufthansa / Condor briefed each individual Flight Crew on the procedure; 
n DFS also informed the ATCOs concerned individually, about the procedures to be applied as well as the participating 

aircraft (Karlsruhe, Langen, EBGen 02, 04 and 10); 
n DFS ATCOs completed a feedback form immediately after each flight (with special attention paid to altitude window 

compliance); 
n The crews of Lufthansa and Condor passed on their feedback to the appropriate contact people in their group; and, 
n The new track could be displayed by ATC on the radar screen via hotkey, including the FL windows. 

Figure 83: Example of individual flight feedback form for altitude window compliance
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The first HTO demonstration flights took place between the 5th March and the 1st April 2015, with the participation of 
Karlsruhe UAC and Langen ACC as well as Lufthansa and Condor, based on individual air traffic control clearances. However, 
these demonstration flights did not produce the expected results, as DFS observed that only 43% of the flights complied 
with all altitude restrictions. Because of the observed result with many FL mistakes (level busts) a second, much more de-
tailed Demo Flight phase was planned for August 2015.

Phase 3 Preparation of the 2nd HTO Large Scale Demonstration

The second set of HTO demonstration flights were conducted between 05:00 and 09:00 local time between 24th August and 
6th September 2015 and again involved Karlsruhe UAC and Langen ACC as well as the airlines, Lufthansa and Condor. They 
were given individual ATC clearances for the procedure. In order to prepare for this second set of Demonstration Flights, 
DFS sent the participating airlines coding data, including conditions for use of the procedure, one month in advance. Both 
airlines agreed to the requirements set by DFS for the use of the coding data.

These conditions for use included the following:

a)  Airline XY gives consent to the use of the coding data without the execution of the “Ground and Flight Validation”. 
b)  Airline XY undertakes to comply with the restrictions (lateral / vertical / speed) in the coding data.
c)  Airline XY forwards the coding data to a database provider to produce the databases.
d)  Airline XY is responsible for ensuring that the coding data is only available within the framework of a “tailored database” 

in the aircraft intended for the tailored database.
e)  Airline XY is responsible for ensuring that the coding data is not coded as a “standard database” by the database provider.
f )  In the event that the above-described “tailored database” with the coding data is also available in aircraft that do not 

participate in the flight tests, Airline XY shall ensure that the coding data is not used by these aircraft.
g)  Airline XY undertakes to hold the corresponding training courses / briefings before using the coding data.
h)  Airline XY undertakes to enter the ATS route T163 in flight plan field 15.
i)  Airline XY undertakes to enter the following PIN assigned by DFS in flight plan field 18: DLH: RMK/CDODLH05, Condor: 

RMK/CDOCFG06

The second HTO demonstration flights were also carried out, based on single air traffic control clearances. Lufthansa and 
Condor sent DFS a list of their planned flights. Karlsruhe UAC then sent an individual air traffic control clearance for each 
flight by e-mail to the respective airline. This single air traffic control clearance had to be issued by the ATCO on the day of 
the participating flight by radio to the Flight Crew. The Flight Crew had to report back to the Controller that (s)he was famil-
iar with the procedure.

Phase 4: Evaluation of HTO Large Scale Demonstration 

The second HTO demonstration flight trials were evaluated by these criteria:

n Number of flights taking part in the trial;
n Minimum requirement: 68 %;
n Number of entries in the flight plan field 18;
n A requirement from DFS’s letter to the customer and the customer’s consent;
n Lateral compliance with trajectory (XTT (Cross Track Reference) compliance): minimum requirement 95%; and,
n Compliance with the vertical height specifications taking into account the waypoint tolerance: 

minimum requirement 95%.

On the 7th August 2015, Lufthansa registered 134 flights and Condor 10 flights for the trials. On the 20th August 2015, 
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Lufthansa registered nine additional flights and cancelled two for internal reasons. Lufthansa therefore registered a total of 
141 flights plus 10 Condor flights, 151 flights in total, for the trials. Out of these flights, 124 out of the 151 flights received 
the clearance to descend on the STAR (as 27 flights were not cleared by the Controller to descend on the STAR on the days 
of the trial for exceptional reasons):

n Fifteen flights could not be cleared due to traffic;
n The crews of Four further flights had not been briefed on the project;
n Three flights were assigned a direct routing by the Controller;
n Two flights were given a different routing (via ASPAT) and for this reason the transition was not flown; and,
n The Pilot of the last flight rejected the transition.

According to ICAO specifications, an XTT (cross track tolerance) of 1nm left and right of the nominal track was set up around 
the EMPAX trajectory. An evaluation of the lateral compliance of the trajectory within the XTT using FANOMOS showed that 

Taking into account the waypoint tolerance, it was found that 122 of the 124 flights cleared for the trial complied with all 
FL restrictions at the waypoints with a tolerance of +/- 200ft. This resulted in a 98% compliance figure compared to a 43% 
compliance figure in the first set of Demonstration Flights.

Figure 85: A comparison between the altitude window compliance for the first and second set of Demonstration Flights

all 124 flights (100%) flew within the tolerance 
limits according to their release by the ATCO. 
In order to evaluate the compliance with the 
vertical height restrictions, the first step was to 
examine whether the flights complied with the 
vertical restrictions at the respective waypoints 
with a tolerance of +200ft (upper constraint) 
and -200ft (lower constraint). For example, at 
waypoint EMPAX (altitude window FL290-360), 
the flight met the altitude requirement if it had 
an altitude of between FL362 and FL288.

Figure 84: Height setting display waypoint tolerance
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After the Demonstration Flights were completed, these points were taken into consideration: 

n The EMPAX Transition became the EMPAX STAR;
n The original Airway T163 remained intact – (navigational requirement, as a STAR can only be flown by aircraft equipped 

with RNAV1. The minimum requirement in Germany is RNAV5);
n The introduction of the EMPAX STAR into regular operation commenced on 18th August 2016;
n Airlines were requested to file the EMPAX STAR, whenever RNAV1 equipped, on their approach charts via ‘Remark’; and,
n The procedures would be analogous to the Demonstration Flights.

However, a couple of critical points remained. As things stood, it was not allowed to separate EMPAX STAR traffic from other 
traffic by using FL constraints. In addition, an issue was also found with the Selected FL conflict warning in the cockpit. Ac-
cording to a meeting of the ODP Project, the FMS (contrary to the experience made with the Demonstration Flights) would 
comply with the lower FL of the next constraint and not the actual cleared FL in the FMS. This generated a mismatch warn-
ing (mismatch between cleared FL and FMS selected FL). A systemic solution on the side of ATC would be very challenging 
and time intensive. Technically, you could enter a level band, where the lower FL would correspond to the cleared FL and 
the upper FL could be an arbitrary FL beyond the actually flown level.

The next step to be followed was the development of a safety assessment for flights to EDDF via the EMPAX STAR. This was 
mandated due to the change in the ATCO working method because of the new procedure, together with the resulting risks 
that are an integral part of the safety assessment. The change was notified to the BAF (Federal Supervisory Authority for Air 
Navigation Services).

The Functional Hazard Analysis (FHA) of the safety assessment revealed three hazards, which could lead to four effects on 
air traffic safety. For these hazards, safety objectives and, where appropriate, safety requirements were identified. Within the 
framework of the safety analysis, this risk situation was determined, considering the safety requirements:

Table 15: Risk classification

To conclude the safety assessment, only acceptable d-risks were identified. No further hazards were identified in the first 
validation. The evaluation of the existing hazards was slightly adjusted because of new findings. However the risk classifica-
tion remained unchanged and only acceptable d-risks continued to exist. Thus, the present adjustments corresponded to a 
minor revision and included the shortened signature procedure. 

The safety assessment will be re-validated in the next years, as there is a four-year period of validity. Should a change be 
made to the target status in the meantime (or should there be a significant increase in safety-related incidents), an early 
revision of the existing safety assessment would become necessary. 

During the familiarisation phase (at least one month from the commissioning of the change), accompanying monitoring 
was carried out by analysing operationally relevant incidents (such as daily report entries or reports to the reporting sys-
tem). In particular, any Selected Altitude Alerts (ATCAS) and LVL Bust Warnings (VAFORIT) as well as the compliance of the 
aircraft with the altitude constraints, had to be taken into account and evaluated in the monitoring and measures required.
If new aspects arose which had not already been considered in the safety assessment, an immediate assessment had to be 
carried out and, if necessary, appropriate risk minimisation measures initiated at short notice.

As the FL constraints were increasingly not being met by aircraft following the first operation of the EMPAX CDO, monitor-
ing was extended. Since Autumn 2017, monitoring has continued to be carried out every month for two weeks (Mondays 

Risk Category a b c d

Number of risks after implementation of all safety requirements 0 0 0 12

Number of risks after 2nd validation 0 0 0 16
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to Fridays) in order to assess whether measures taken lead to an improvement in compliance with the altitude constraints.

If a descent from an intermediate altitude without further descent clearance resulted in an acceptable risk, operational 
monitoring had to be carried out until further notice by closely observing this behaviour on the EMPAX STAR. If such events 
occurred, the safety assessment was to be re-validated immediately. 

The Langen and Karlsruhe ACCs planned to introduce the STAR for approaches to Frankfurt coming from the south, starting 
from the route point EMPAX. This was intended to offer the customer and the ATCOs a descent profile that would lead to 
an improvement in horizontal flight efficiency, fuel consumption, CO2 emissions and communication between the ATCO 
and the Flight Crew, while at the same time increasing predictability for the Flight Crew and the ATCO. The traffic flow to be 
adapted (the current T163 route) would result in 2nm of distance flown savings per flight together with the savings from 
optimising the vertical profile.

Flights from the South were formerly processed by the TGO (Tango) sector of Karlsruhe ACC when entering German airspace 
and descent from cruising altitude was initiated in this sector. After passing FL235, the aircraft would move into the area of 
responsibility of the Langen ACC, first into the LBU sector (Luburg), then through the KNG sector (König). This sector would 
then transfer the aircraft at the point PSA to the Frankfurt APC.

On the new EMPAX STAR, the flights follow the path of the previous ATS route, T163, to point XINLA and from there follow 
the new route directly to PSA. In order to be able to map the flight tracks in the FMS of an aircraft, it would be necessary to 
publish height windows on waypoints along the ATS route T163. This is currently not technically feasible in the FMS. 

For this reason, the waypoints of the new route, up to the point XINLA, had to be stored in the FMS as a different entry route 
(EMPAX STAR), since FL constraints could be programmed on such a STAR. 

Both the lateral course of the STAR / Initial Approach segments stored in the FMS and the vertical profile defined by FL win-
dows from EMPAX to ADNIS corresponded to the previous flown flight path of arrivals from the South. 

From PSA, the EMPAX STAR follows today’s transitions, but ends at the IAF DF644 (RWY07R) or DF616 (RWY25L). In the 
absence of an approach clearance by the Controller, the aircraft continues its final approach independently at the IAF in 
accordance with the corresponding ILS procedure.

One ILS procedure per operational direction (for RWY25L and RWY07R) is connected to the new EMPAX STAR with a new 
initial approach segment. When using the EMPAX STAR, only one ILS procedure is available per landing direction.

The NL Upper sector receives information about the landing direction from the NL Mitte sector (call Langen LBU Sector to 
Karlsruhe TGO Sector). The Controller in Karlsruhe checks whether he can clear an aircraft for the EMPAX STAR as a “CDO”. 
For these flights, he must check whether the original flight plan contains the EMPAX STAR or alternatively ask the Pilot. Only 
then may he clear the procedure. If the Controller does not give clearance for the EMPAX STAR, the flight follows the EMPAX 
laterally to the flight of the STAR and leaves the altitude only after clearance by the Controller in accordance with the issued 
descent clearance.

The NL Upper releases the flights by default to the upper-middle airspace boundary (FL 240). No information is required at 
Langen, since the flight is not cleared vertically beyond the border of the Karlsruhe area of responsibility (ZB) and the Con-
troller in Langen must check in any case whether he must clear the flight in his ZB according to CDO conditions or conven-
tionally on the STAR. Langen informs Karlsruhe in good time if, for traffic reasons or unavailability ILS for individual flights or 
for certain periods, no CDO approvals are to take place.

Langen accepts that the flights will be handed over either on the STAR descending FL240 procedure or tactically at way-
point KOVAN at FL 240 (non-coordinated; LoA procedure). The clearance of the STAR including altitude constraints is marked 
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in Langen on the strip in sector PSS, so the downstream sector knows whether the CDO clearance has already taken place. 
The clearance must be granted for each new sector.

The LBU sector in Langen will then transfer the approaches to the KNG sector descending to FL150. The transfer level from 
the KNG sector to Approach EDDF will be changed from FL110 to FL100. For intersecting traffic, the clearance is limited to 
an intermediate FL to ensure separation.

Figure 86: Latest published EMPAX STAR (23rd may 2019)
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Supporting Information

In order to prepare for the Demonstration Flights, airlines sent out crew briefings to explain the procedure.
The messages below were included in the crew briefing material (adapted for the English language):

Ladies and gentlemen, dear Colleagues,

“Flying at low altitudes leads to increased fuel consumption”. A component of every solid training is the descent 
planning. 

Due to the high traffic levels at the main hubs and “en-route” it has become less and less possible in the past years 
to arrange the descent as it would have been desirable on the day due to aircraft type, weight, descent speed, wind 
etc.

In order to safely control air traffic, ATC has to agree standardised transfer altitudes, allocate fixed descent rates and 
regularly force aircraft to fly at lower than optimum altitudes. This avoids delays and maintains airspace capacity. 

As an airline, we are in constant contact with ATC in order to agree sensible regulations. We want to improve flight 
efficiency without having to accept a large reduction in capacity. Another positive effect of the CDO (Constant 
Descent Operation) is the avoidance of unnecessary aircraft noise. 

In the past, we focused on the “tactical” CDO whereby clearances are given, which open the possibility for the Pilots 
to arrange their descent freely. However, such clearances could only be issued rarely and restrictively, which led to 
frustration amongst Pilots and ATCOs. Now we will take another step and publish fixed CDO profiles, as we know 
them from the USA and Canada. 

This will improve our “CDO - Performance” by defining FL windows on fixed routes for overflight points, which are 
cleared by Rhein Radar with the clearance “Descend via EMPAX STAR FL240”. After that “continue EMPAX STAR de-
scend FL100” by Langen Radar. This is also known from the CDA Trials at Munich.

DFS has now developed the first CDO procedure for Frankfurt together with Lufthansa and Condor flight opera-
tions.

The CDO will take place on a new approach route between the waypoint EMPAX and PSA. For ICAO compliant 
coding, the entire structure of the IAF and RNAV waypoints had to be rebuilt. 

You will find the new procedure in the Route Manual and in the database of all aircraft. The clearance for the 
EMPAX transition between LADOL and EMPAX will be granted at Rhein Radar. Should Rhein Radar not be able to 
give clearance for the EMPAX transition, this will take place at the latest at Langen Radar near the waypoint NELLI. 
Crews are requested to complete the procedure (preferably in “Managed Mode” or “VNAV PATH Mode”). 

If corrections have to be made, it is up to the crews how they comply with the published constraints. Compliance 
is, of course, mandatory.
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Another Company information sharing included a briefing on the following subject: 
“Every litre counts – CDO”:

Dear Colleagues 

Last year, together with the major German airlines, we launched the “Optimised Flying” initiative with the aim of 
further improving the overall benefits of DFS services for the airlines.

It very quickly became clear that further optimisation of vertical flight profiles, with a focus on an even later de-
scent, could generate a very high economic benefit for the airlines. 

For this reason, a live trial for approaches via NELLI and ASPAT to Frankfurt was set up during EBG04. 

For approaches via ASPAT, a later descent has meanwhile been included in the existing agreements between Mu-
nich and Langen. 

The approaches via NELLI are cleared on a tactical basis for a so-called Late Descent, which should ideally be a 
Continuous Descent to PSA. A corresponding procedure is being tested as a standard procedure. 

With the display in the operating room and the Info-Flyers that are in the preparation of being created, we would 
like to clarify again also the important meaning that this topic has for us as a company. 

We know that we are excellently positioned in our daily Pilot work and that we have almost reached the maximum 
of what is possible in the area of direct routing. However, we still see potential in optimising vertical efficiency, also 
in the area of standardised profiles. 

We also want to exploit these opportunities for improvement as often as possible. A fuel saving of 50 to 100kg 
(CO2 saving of 160 to 320kg) per flight doesn’t sound like much at first glance, but if we succeed in achieving these 
savings with the broad mass of approaching aircraft, it will quickly turn into several tons and thus a significant 
savings volume for the customers. 

Hence, the sentence was to be understood as supplementary motivation and not as criticism.
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Other work included creating ATCO briefings of which an excerpt is shown below in Figure 87 to Figure 93. This briefing 
focused on the introduction to the project, R/T phraseology, coordination requirements and other important information 
with the objective of covering all possible areas of information-sharing and obtaining buy-in from all essential actors on 
both the Flight Crew and ATCO sides.

Figure 87: Excerpt from ATCO briefing 1

Work is currently ongoing for web-based training for the Flight Crew side to share more information on specific issues that 
were encountered during the Demonstration exercises.

 Figure 88: Excerpt from ATCO briefing 2
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Figure 89: Excerpt from ATCO briefing 3

 
Figure 90: Excerpt from ATCO briefing 4
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Figure 91: Excerpt from ATCO briefing 5

Figure 92: Excerpt from ATCO briefing 6
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Figure 93: Excerpt from ATCO briefing 7

Phase 5: Preparation of HTO regular service

This information-sharing was also supported by other communication campaigns:

n Face-to-face meetings;
n FAQ sessions;
n Simulator training;
n Information letters; and,
n A short film.

Normally the project would have ended at this point, but it was precisely then that new issues arose. These included: 

n Compliance with the altitude constraints was still found to be insufficient; 
n About 10 % of all flights failed one or more of the altitude constraints because of:

- A lack of awareness of the procedure especially the vertical procedural part;
- Mishandling of the FMS, FMS equipage and sub-modes of FMS descent modes not clearly trained and documented;
- Unknown meaning of the clearance “descend via” in accordance with ICAO AMDT7A phraseology;
- Changing winds;
- Speed reduction by ATC; and, 
- The need to comply with altitude constraints with 0ft tolerance sometimes was not always clearly understood.

Because of these factors, despite individual briefings the information-sharing and company notices on the Flight Crew side, 
the non-compliance led to very weak acceptance on the ATC side because:
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n ATC was not allowed to procedurally separate other traffic with that procedure (next phase); 
n There was very weak compliance with the adherence of the constraints; 
n The fuel savings were less than expected; 
n depending of the type of aircraft, savings varied between 0-150kg per flight (compared with non-HTO); and, 
n FMS behaviour i.e. at FL100 reduces Speed 250kts – so point ADNIS was failed the most. 

In order to rectify these failures and to try to persuade ATC to retain trust in the procedure, several change management 
measures were implemented. These included:

Figure 94: Design change at ADNIS increased distance between ADNIS and 
XORBO) to make compliance with altitude window easier

Figure 95: Statistical feedback on HTO STAR clearance rate

n The Flight Crew of every flight that violated 
a constraint were individually written to 
and questioned;

n Frequent Flight Crew / ATCO meetings 
were held for better mutual understanding 
(approximately 30 such events);

n Presentations of the HTO project were 
made at Flight Crew meetings - about 
1,800 Pilots from the Lufthansa Group and 
Condor were reached; and, 

n A design change was made in May 2019 – 
to make it easier to reach FL100 at waypoint 
ADNIS (see Figure 94 left) by increasing the 
distance between ADNIS and XORBO by 
0.8nm.

Another improvement was the presentation of the statistics on the STAR clearance rate to ATCOs, which commenced in 
October 2019 (see Figure 95).
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Despite all the problems encountered, all project participants, both from the Flight Crew / airline side and from the ATC 
side, still saw the potential of HTO, not only in terms of the fuel and emissions savings, but also in terms of increasing sector 
capacity. These benefits included:

n The possibility for a reduction in separation; 
n Reduced radiotelephony, and a corresponding increase in sector capacity; 
n In the best case, only one clearance from leaving cruise FL until transfer to APP; 
n A reduction in the mental work required to solve problems between arriving and departing traffic – especially with a 

departure tube with constraints (procedural separation); and, 
n Fuel saving, idle power flying, with less inefficient intermediate level segments.

With this understanding, efforts will continue to increase the acceptance of HTO by ATC as well as the compliance with flight 
level constraints by Pilots. As can be seen by this case study, implementing a CDO from high level is not without its challeng-
es. However, this case study provides detailed insight into the many challenges that may arise and incorporates many good 
practices that are highlighted in the European CCO / CDO Action Plan. These include, but are not limited to:

n The requirement of high level collaboration with all stakeholders to understand the objectives of any airspace (re-)design 
project;

n The essential need for focused and continuous ATCO / Flight Crew collaboration, cooperation and coordination in 
the design, development, assessment, trialling and implementation of new procedures;

n The importance of the use of the correct phraseology;
n The importance of supporting briefing material and training material for all actors; and 
n Performance monitoring and feedback.

The most important message that the HTO project would like to share is this: what the HTO Project personnel had to realise 
repeatedly was that it was not enough just to publish documents. 

“There is a need for dialogue with those who have to use the new procedure, the ATCOs and the Flight Crews” 

This is a challenging and long-lasting process. At the end of the day, however, the HTO project can only be successful if the 
constraints are strictly adhered to by all aircraft.

Once the EMPAX STAR is fully implemented, DFS plans to develop similar STARs for other Frankfurt arrival streams including 
cross-border STARS with neighbouring ANSPs. Work is now underway for a similar style CCO procedure for Berlin Airport.
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Q3: LoA Revision – lessons learned from ODP

The SESAR ODP project conducted a review of LoAs in the core area of European Airspace, and then went on to implement 
several optimisation changes and assess the impact of these changes. The process resulted in the descent profiles being 
raised for a number of routes, as shown in Figure 96, making for large fuel savings. 

Figure 96. Reference (red) and ODP (green) radar data recordings to Frankfurt (EDDF) via RIMET

Here is a summary of the main lessons learned relating to the LoA review and corresponding updates and optimisations: 

n Start descent later:
 European LoAs typically penalise aircraft by making them descend earlier than they would like to (typically 30nm to 

80nm earlier). Relatively minor LoA revisions where the transfer level is raised by 2000ft. have a relatively small impact on 
a single AU, but when aggregated, these result in large fuel savings and environmental benefits.

n Consider prioritising arrival profiles over departure profiles:
 Airspace design in Europe is often based on making arrivals descend early, to be below climbing flows. This strategy 

achieves continuous descent and climb profiles, but only the climb profile is optimised; arrivals achieve a continuous 
but sub-optimal profile, and the extra fuel wasted by the arrivals by the early descent often offsets the fuel saved by the 
departures, thanks to their unconstrained profile. When revising LoAs and transfer conditions between sectors, consid-
eration should be given to airspace design options that raise the arrival profiles, even at the expense of introducing level 
segments for the departures. 

n Increase granularity and use system support:
 LoAs typically consider a worse-case scenario in terms of traffic load and traffic presentation. Large fuel savings can be re-

alised if LoAs include more granularity, e.g. different transfer conditions on weekends, or during periods of low demand. 
Some systems (e.g. those at Austrocontrol, DFS, DSNA and Skyguide) allow the introduction of variable default transfer 
conditions / sector exit levels, thereby supporting Controllers so that they do not have to remember which flight levels / 
altitudes are applicable at different times or days of the week. 
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n Use modelling and involve airspace users in the process:
 The assessment of the potential impact of fuel of a change to a LoA needs to be undertaken by taking into account 

the traffic mix that flies that route, typically through a Fast Time Simulation and / or other types of modelling activities. 
Airspace Users should be involved in the modelling process and in the analysis of the results and evaluation of potential 
options. Real Time Simulations may be necessary in order to help visualise the impact on traffic flows from the ATC point 
of view. 

n Make speed management more predictable for the Flight Crew:
 Published speed constraints improve predictability for ATCOs by harmonising traffic behaviour and may also be used 

to improve energy management for Flight Crews. LoA design should take into account that, during the descent, speed 
constraints at waypoints severely affect the angle of descent. For some aircraft, speed constraints below 230 KT are not 
possible in clean configuration, and therefore should not be used before the deceleration point in the approach phase.

n Keep it simple:
 It is useless to agree on an optimised procedure that is not going to be applied in practice. Procedures should be de-

signed so that they can be used at peak times, when Controllers are very busy. Transfer conditions should be kept as 
simple as possible, e.g. LoAs with multiple constraints on the same route increase the Controllers’ monitoring workload 
and may be problematic. LoAs with two constraints that are too close to each other are also difficult for the Flight Crew 
to manage and should therefore be avoided. 

  
n Not all LoA constraints need to be published:
 Published constraints allow the Flight Crew to plan their descent accordingly. However, Controllers should waive LoA 

constraints whenever they are not necessary, as it would be inefficient for the Flight Crew to plan for a constraint that 
would not be applied in practice. Whether a constraint should be published in the AIP or not depends on how frequently 
it will be applied. There should be a continuous monitoring process to reassess which LoA constraints should be in the 
AIP. Before publishing a new constraint, it may be useful to conduct live trials in which the constraints are issued tactically 
by Controllers over R/T.

n For unpublished constraints, train ATCOs to share information as much as possible (bearing in mind the possible impact 
on R/T workload):

 When a decision is made to not publish a LoA constraint, it will need to be provided tactically by Controllers to every air-
craft. Controller training should make clear that an optimum descent profile under specified restrictions is only possible 
when the restrictions are made known to the Flight Crew as soon as possible.

n For separation, reinforce published vertical constraints over R/T:
 While non-compliance with vertical constraints issued explicitly over R/T is not a common occurrence, non-compliance 

with vertical constraints published along a STAR and not explicitly mentioned in the ATC clearance is not so rare. Pub-
lished constraints are useful in terms of organising traffic flows, but they cannot be relied upon for separation purposes 
unless the Controller reinforces them over R/T. 

n Plan ahead:
 Changes to LoAs and RAD restrictions that involve changes to published procedures follow a slow process linked to the 

AIRAC cycles, which may cause a delay that needs to be considered in project planning. 

n Include the transition plan in your Plan.
 The LoA revision process does not end when the new procedure is published or the new LoA is implemented. The pro-

ject plan should include communication activities before and after the implementation and allow for a transition period, 
during which Controllers may need to issue the constraints over R/T, even when constraints are published. 

The lessons learned are equally applicable to the revision of transfer conditions between sectors in the same ANSP.
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Q4:  Performance monitoring and Flight Crew feedback – 
 the London case:

Performance measurement: London Case Study – The ANSP perspective

CDO usually relates to a continuous descent from cruising altitude. In the UK, CDO is more commonly known as Continuous 
Descent Approach (CDA), which typically starts from an altitude of 6,000 feet and is thus a subset of the noise CDO, with the 
primary objective of reducing noise at and around airports.

From 1994-99, the UK Government considered the feasibility of setting noise limits on arriving aircraft. Rather than im-
posing a fining regime, a report was published in 1999 by the Aircraft Noise Monitoring Advisory Commission (ANMAC) 
recommending an Arrivals Code of Practice to be published. The Code of Practice was produced to try to identify steps, 
which could reduce noise generated by arriving aircraft. The ANMAC document highlighted CDAs as the principle method 
of reducing arrivals noise. A Working Group was set up in 2000, comprising airport operators, airlines, the CAA, NATS and 
the Department for Transport. The first Arrivals Code of Practice was published in February 2002. Although written for the 
three London airports (Heathrow, Gatwick & Stansted), the Code provided broad base guidelines that could be modelled 
for any airport.

The overall benefits cited by the document recommending CDA were:

n Fuel savings per sector for airlines;
n Reduced environmental impact in and around airports; and
n Airports would meet their environmental targets, and this could allow future planned expansion opportunities.

The Code of Practice, when published in 2002, was in two versions: a full version and an abbreviated version, specifically 
designed to be used by aircrew and ATC as a quick read, rather than the fuller version. The full version contained evidence 
and noise data on the reduction in noise based on level flight flown.

Figure 97: CDO noise benefits estimated for different distances from touchdown

There are various versions of CDA or CDO, but in the UK, the adopted definition of a CDA is: 

“A noise abatement technique for arriving aircraft in which the Pilot, when given descent clearance below the Transition 
Altitude by ATC, will descend at the rate he judges will be best suited to the achievement of continuous descent, whilst 
meeting ATC speed control requirements, the objective being to join the glide-path at the appropriate height for the 
distance without recourse to level flight.”
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The aim of the CDA procedure is to provide Flight Crews with the ATC assistance necessary for them to fly a continuous de-
scent on the intermediate and final approach, at speeds that require minimum use of flap etc. This has significant benefits in 
terms of noise produced beneath the approach area, and in the reduction of fuel used. The procedure requires ATC to apply 
systematic minimum speeds to inbound aircraft together with providing adequate DTG information.

After publication of the Code of Practice there was an overnight jump in CDA compliance across all three airports. In addi-
tion, it was observed that the compliance rate was seasonally dependant.

Figure 98: CDO performance improvement from 2001 to 2007 at the four main London airports

Once published, a review was conducted which concluded that CDAs were not an overnight phenomenon. ATCOs received 
training material on CDA while CDO performance feedback was also provided to Controllers with open Monthly Perfor-
mance Reporting back to the watches. 

Table 16: Example of NATS ATCO Watch CDO performance measurement statistics

Feedback was also given to the airlines, through the Airport Flight Evaluation Units to highlight poor compliance. Naming 
and shaming of poor performance did lead to inter-airline competition.

Controllers needing re-education, as did the Flight Crews. The idea was that a change in flying style was needed together 
with a review of SOPs by the airlines.

Following the success of the 2002 Arrivals Code of Practice, the working group was reformed to review the first version of 
the code and consider writing a second version. Version 2 was published in November 2006, again in Full and Abbreviated 

November Total Arrivals CDA Approach %

Red 114 109 95.61%

Blue 110 106 96.36%

Green 125 118 94.40%

WhiteWhite 113 106 93.81%

Amber 113 99 87.61%

Total 575 538 93.57%
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versions. This publication updated current practices in use at the time and had a large number of participants. This version 
was again written for the three London Airports providing broad base guidelines on CDA.

In the intervening years between the two versions of the code being published, a group was established in the UK called 
Sustainable Aviation (SA), and in this group, an outreach programme was formed for CDAs and a further guide to Continu-
ous Descent Operations published.

The progress demonstrated by the London airports was aided by the 2002 publication of the Arrivals Code of Practice and 
subsequent close monitoring and reporting of CDO. Prior to 2016, NATS has made savings of 6,176 tonnes of aviation fuel 
through improved Continuous Descents across the 14 airports where NATS provides the control service, equating to 19,600 
tonnes of CO2 emissions saved. This is worth around £2.3M in savings for airlines. In 2016, this figure had risen again, saving 
airlines up to £6.5M.

During the CDO campaign, positive results were delivered, thanks to the improvement of CDO performance at UK airports.

n SA CDO airports: 4.8% increase in flights resulting in 32,070 more flights flying a CDA when compared to 2015. CDA com-
pliance rate was 76.1%; and,

n SA CDO airlines: 3.4% increase in flights resulting in 13,023 more flights flying a CDA when compared to 2015. CDA com-
pliance rate was 84.9%.

Overall, the Continuous Descent Campaign continues to improve descents across the UK, delivering over 810,632 individual 
quieter arrivals.

London CDA performance versus the UK average

 (source airport NTK data) (source NATS FMP data)

2000 66% n/a

2006 84% 56%

2013 90% 74%

2015 89% 77%

2016 90% 76%

Table 17: London CDA performance versus the UK average

NATS, Airlines and Airports are working together to demonstrate joint industry action to tackle noise and reduce emissions.

Performance Measurement: London Case Study – The Airport perspective

It is fully recognised that airports have a key role to play in driving CCO / CDO performance at lower altitudes. Through pos-
itive engagement with airlines, an ANSP’s performance can be enhanced when all stakeholders are aware of requirements 
and current performance levels.

Heathrow Airport operates in some of the most constrained airspace in the world and faces some unique challenges in be-
ing able to deliver CCO / CDO performance. CDO is monitored from 6,000ft in part due to four holding stacks located in all 
four corners of the London Control Area (CTA).

Despite these challenges, Heathrow has seen an increase in CDO performance after implementing a quarterly league table 
that ranks the top 50 airlines (based on movements) according to their green credentials. This is known as the “Fly Quiet and 
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Green League Table” (FQG). While Heathrow provides financial incentives for airlines to use the quietest aircraft through var-
iable landing charges, the FQG league table also provides airlines opportunities that can help them identify their strengths 
and weaknesses or highlight areas they can target for improvements to the KPIs in the programme, https://www.heathrow-
flyquietandgreen.com/.

Airlines are ranked according to the following seven metrics:
1. Noise Quota / seat;
2. Chapter Number (ICAO Noise Certification);
3. NOx Emissions / seat;
4. CAEP standard (ICAO engine emissions certification);
5. Continuous Descent Approach (CDA) violations;
6. Track Keeping violations; and,
7. Early or late movements between 23:30 and 04:30 local time.

It is fully recognised that some of these metrics are not easy to improve on. For example, metrics 1-4 can only be improved 
via a fleet mix change so are long-term strategic metrics. Metrics 5-7 are operational metrics and can easily be improved 
by altering the way the aircraft is flown. It is within an airline’s power to improve these areas and as such, the final scoring 
for these metrics carries a higher weighting on the overall score so there is more incentive for performance improvement.

The league table is made public and attracts worldwide media attention. In consequence, Heathrow has seen a marked 
change in airline engagement. It is not always easy to engage with some airlines, but the league table has allowed the air-
port to open communication channels with all featured airlines. Being high up in the rankings is now considered as being 
“best in class,” and promotes friendly competition with other airlines.

An example of improved FQG performance can be seen below. The graph represents the performance of a Middle Eastern 
long-haul airline which had an opportunity to improve their CDO performance. Heathrow began to engage with the airline 
in 2017 and, by providing regular feedback and help, saw the airline climb 40 places in the league table after seeing 98.4% 
of their arrivals comply with the CDO metric.

Figure 99: CDO performance improvement for a single airline following performance feedback and support for improvement

This airline was featured in their local media firstly for being a poor performer according to the metrics, and afterwards, for 
appearing in the top three. Heathrow also saw much more engagement from the airline CEO and this demonstrated that 
airlines wish to be perceived as having sound environmental credentials. 
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For those airlines who do not feature in the Fly Quiet League table owing to a smaller number of movements, Heathrow has 
introduced “Minimum Performance Standards.” This lays out a minimum compliance threshold for four metrics. Similar to 
the FQG league table, it is a measure to promote engagement between the airport and airline. Unlike FQG, the results of the 
minimum performance standards are not publicised.

The four metrics are as below:
n CDA Compliance
n Track Keeping
n Noise Infringements
n 4% Climb Gradient Adherence

As part of this scheme, all the featured airlines have access to a website where they can review their own performance. This 
online portal, known as ‘PerformTrak’, allows them to view the flight tracks of any infringements; data is available 20 minutes 
after the flight has arrived / departed. This allows the airline to contact the crew almost immediately and to ascertain the 
reasons for infringements while the flight is still fresh in their minds. 

Figure 100: The UK PerformTrak Portal allowing airlines to review their own CDO performance

It should be good practice for any airport to regularly monitor CDA achievement rates and report on other performance 
metrics designed to make the airport more socially responsible. The idea of performance reporting is to encourage a joint 
industry approach to improving CDA performance. Both Fly Quiet and Green and Minimum Performance Standards show 
that through effective engagement, performance can be substantially improved. 

Performance Measurement: London Case Study - The Airline perspective

In the Airline survey on CCO / CDO conducted by the European CCO / CDO Task Force, it was seen that fewer than 35% of 
airlines which participated in the survey measure their CCO / CDO performance. 

The study also revealed that more than 40% of airlines received CCO / CDO performance statistics from an airport source, 
namely London Heathrow, which is one of the only airports to share such statistics. This means that one single airport 
provides CCO / CDO performance information to more airlines than the number of airlines that monitor their own 
performance. Clearly, Heathrow’s airline performance tables are a vital source of performance material. 
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If airlines were to receive similar performance data from other airports and more fuel CDO performance information for CDO 
from ToD, this would really help tell airlines where good performance exists and what it looks like. 

This is the reason that the European CCO / CDO Task Force is developing CCO / CDO performance dashboard for all airports 
in Europe and all airlines that fly in Europe49. These tables should provide performance information to be shared with those 
stakeholders who do not currently have access to such data. They should allow all stakeholders to identify airports with poor 
CCO / CDO performance. Airlines whose own performance can be improved, should be notified and all stakeholders should 
work collaboratively to improve the performance of vertical flight efficiency for the climb and descent profiles.

In addition, although ANSPs and airlines are seen as the two vital elements in a CDO implementation, it can be seen that 
airports also have an important role to play: they can bring all stakeholders to the table, communicate performance statis-
tics and maintain close links with the airlines by giving performance feedback and working collaboratively on improving 
performance.

Performance Measurement: London Case Study – Conclusions

NATS and London Heathrow in particular have demonstrated that CDO performance measurement, be it on an airport, 
airline or individual ATCO Watch level, is a major enabler of CDO performance improvement. When practitioners know that 
their performance is being measured and results shared amongst their peers or disseminated publicly, it greatly facilitates 
performance improvement. This is known as the Hawthorne Effect: individuals modify their behaviour when they know that 
they are being observed.

CDO measurement in the UK focuses primarily on the noise CCO and noise CDO performance measurement i.e. those parts 
of the climb and descent profiles where noise is the primary environmental impact. CCO and CDO are measured in the UK 
using a binary indicator although the European CCO / CDO Task Force finds that the optimal performance indicator for 
measuring CCO / CDO is the “average time in level flight” as this indicator is able to pinpoint more granular performance 
changes. 

However, regardless of the indicator used, the mutual collaboration by ANSPs, airlines and airports, performance monitor-
ing and stakeholder feedback, together with the follow-up engagement between airport and airlines, may be considered 
essential ingredients in successful CCO / CDO implementation.

49- Subject to data availability



European CCO / CDO Action Plan   29

Q5: Collaboration – “The Observatory” in Spain

Appendix Q2 details the essential need for focused and continuous ATCO / Flight Crew collaboration, cooperation and coor-
dination in the design, development, assessment, trialing and implementation of new ATM and CDO procedures. 

This case study highlights a collaborative study in Spain; the objective of this shared exercise was to educate Pilots / ATCOs on 
safety issues, environmental constraints and mitigations, and to come up with unique solutions for optimising the airspace. 

This kind of collaborative exercise not only fills the gap between identifying the need for airspace and procedure optimi-
sation and solution proposals, but also offers a unique opportunity to build the necessary trust and collaboration required 
between Pilots and ATC to obtain the critical buy-in for future airspace change proposals.

Observatory of safety and efficiency of air operations of ENAIRE and COPAC

Maintaining safe and efficient air transport depends on coordination and close collaboration among the different parties 
involved in operations. In Spain, ENAIRE (the ANSP) and COPAC (the Pilot Union) have a shared objective: provide and 
guarantee air transport users a safe service of the highest quality. This being the case, on 8th May 2017, both parties signed 
a General Protocol of Action to establish a framework for collaboration on various issues related to the efficiency and im-
provement of air transport. On 2nd July 2019, an agreement was signed for the creation of the ‘Observatory of Safety and 
Efficiency of Air Operations’. This agreement has an initial duration of one year, extendable for three more years.

ENAIRE exercises competences in air navigation and airspace. It coordinates national and international operations in Spain’s 
national air traffic management network and focuses on the efficient use of airspace.

The agreement with COPAC and the actions that derive from it are aligned with ENAIRE’s functions in providing safe, effi-
cient, high-quality and sustainable air traffic services.

On the other hand, he Official College of Commercial Aviation Pilots (COPAC) is a public corporation covered by Spanish Law 
and recognised by the State. COPAC’s essential functions are to collaborate with the Administration in conducting studies, 
issuing of reports and preparing statistics as well as to carry out other activities on request.

In the 2019 agreement, it was established that the Observatory’s activities would focus on:

a) Improving mutual knowledge of the Pilots’ and Controllers’ operations;
b) Identifying good practices to enhance safety and operational efficiency; and,
c) Promoting an image of collaboration and transparency in an innovative project.

The Observatory’s objective is obtain data samples related to the safety and efficiency of real air operations, from specially 
trained COPAC Pilots and ENAIRE ATCOs.

After coming off duty, Observers have to fill out a form in which they identify any threats, errors or situations that affected 
the safety and efficiency of the air operations that they have observed during their work. These records have to be made 
without prejudice to the obligations regarding the notification of events and the processes of the respective Safety Man-
agement Systems, both of ENAIRE and of the airlines affected.

The information on these forms will be analysed by technical experts, who will prepare reports on the trends observed and 
assess how the various situations were being managed.

These reports will subsequently be reviewed in formal working groups (technical event review groups), constituted by the 
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observers themselves, together with a coordinator. They will try to identify improvement actions, as well as strengths and 
good practices. If relevant safety issues are detected, these have to be brought to the attention of the respective Safety 
Management Systems of ENAIRE and the airlines in question.

Once the conclusions of the observations and the technical groups have been obtained, data will be published on the Ob-
servatory website and information sessions will be held for Pilots and ATCOs.

Actual situation

COPAC selected the Pilot Observers from its members. The sample of the selected Pilot observers was formed by Flight 
Crews that operate into the five main airports of Spain: Madrid, Barcelona, Palma de Mallorca, Malaga and Gran Canaria, in 
a ratio proportional to the airlines and type of aircraft flying in Spain. For this, it was initially estimated that 37 Pilots were 
required.

The airlines of these Pilots were fully aware of their participation in the Observatory and accepted their participation through 
the signing of a Confidentiality Agreement, which protects the data provided and the identity of the Pilots.

ENAIRE is in the process of selecting ATCO Observers from amongst its staff. The sample of Controllers will be made up of 
ATCOs belonging to the ACCs and towers of the five main airports, which provide aerodrome, approach and area air traffic 
control services. Initially, it was estimated that around 30 Controllers would be needed.

Both the size and composition of both samples of Pilots or ATCOs may be adjusted by prior agreement between COPAC and 
ENAIRE according to the evolution of traffic, so that it is representative of air operations in Spain, and the needs that arise 
from the activities of the Observatory.

COPAC and ENAIRE have jointly agreed on the content of the data collection forms by both the Pilot Observers and Air 
Traffic Control Observers. These forms are in the draft phase and are currently being modified with contributions from the 
Observers. Proposals for adaptation to standardised measurement criteria, in which EUROCONTROL’s support is considered 
important, will ensure that the measurements are will be in line with current harmonised practices.

Once the content has been agreed upon, COPAC will manage the contracting of the development of the “Qliksense” data 
collection application, to which the forms will be transferred in order to facilitate the collection of data by the observers.

Training of the observers

Both COPAC and ENAIRE are responsible for providing adequate training for all personnel carrying out their activities in the 
Observatory. The differences between their functions are clearly aligned with the requirements set forth in Regulation (EU) 
376/2014 of the European Parliament and of the Council, published on 3rd April 2014, concerning the notification of events 
in civil aviation.

In order to ensure that data capture is carried out in a standardised manner by all observers, prior to the start of data cap-
ture, face-to-face training sessions have been carried out in the five ACCs, for both Pilots and Controllers.

The duration of each training activity has been two days and has included practical cases of filling in questionnaires.

COPAC is in charge of the hiring of the training design, the preparation of the material and the remuneration of the trainers.
Observation of the Operations
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Observations will be made annually of at least one per thousand of the total flights made in the five terminal areas chosen.
During the flight or the control shift, the observers will pay special attention to the identification of practices, situations or 
behaviours that have facilitated or hindered the efficiency of the flight, as well as threats, unwanted situations, good prac-
tices and practices to avoid in relation to safety. These practices, situations or behaviours will include the application and 
implementation of CDO.

The data capture will always be undertaken at the end of the flight and the control shift, by completing a de-personalised 
questionnaire developed in the Qliksense mobile application.

Data Analysis

Data captured in the mobile application will be analysed by technical experts (hired by COPAC) who will prepare monthly 
reports on flight safety and efficiency. In carrying out the analysis, the analysts will have these tools, the contracting for 
which being managed by COPAC:

n Qliksense: it will provide statistics on the efficiency of the operations observed: consumption, flight times, etc.; and,
n Bowtie: the analysts will make representations of the day-to-day operational processes, documenting, integrating and 

quantifying the level of exposure to existing threats, the effectiveness of the barriers or control mechanisms and aggra-
vating factors or consequences.

Good practices identification

The reports prepared by the analysts will be reviewed quarterly by the Technical Event Review Groups, constituted by the 
observers themselves, in which they will try to identify improvement actions, as well as strengths and good practices. In 
order to carry out exhaustive analyses and facilitate the identification of concrete improvement actions, there will be a 
technical group in each control centre.

From each meeting, the Coordinator will prepare a summary that includes the topics discussed, the conclusions reached 
and the actions to be taken. From these minutes, the analysts will prepare quarterly executive reports.

In the case of identifying relevant safety issues, these will be brought to the attention of the respective Safety Management 
Systems, of both ENAIRE and the affected airlines.
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Disclosure of results

As results and conclusions derived from the Observatory are obtained, various disclosure activities will be carried out to the 
different interest groups:

OBSERVATORY – DISCLOSURE OF RESULTS 

a. Creation of the Observatory Portal: in which the results of the indicators will be published, together with news 
derived from the Observatory. It will consist of a public area with global and airport results and an area for registered 
professionals, in which the indicators will reach higher levels of detail. COPAC will manage the contracting of the 
Portal development;

b. Holding information sessions for professionals: information sessions will be held semi-annually in the five large 
airports or in the control centres, aimed at Pilots and Controllers. ENAIRE will provide a room suitable for the 
number of attendees and with the necessary means to provide the information and for the recording of the event, 
if deemed appropriate;

c. Edition of Controller / Pilot videos: short Controller / Pilot videos will be prepared with a summary of the conclusions 
and good practices resulting from the information sessions;

d. Dissemination through social networks: both the positive achievements and the activities of the Observatory.

Management of the Observatory

In order for the Observatory to function properly, COPAC provides a full-time Coordinator and an Observatory Manager.

The Observatory Coordinator is responsible for planning and coordinating activities related to observations and data anal-
ysis (observer training planning, planning and observation requirements, technical contact with software vendors, supervi-
sion of data analysts, coordination of technical event review groups, etc.).

The Observatory Manager is responsible for administering the Observatory’s resources (constitution of the observer team, 
contracting and software development, etc.) as well as the quality control of the activities (review of the reports made by 
the analysts, of the minutes of the technical event review groups, etc.). The Observatory Manager is also responsible for 
coordinating the Observatory’s communication and promoting different tasks.

The Manager is supported by a part-time Legal Technician, hired by COPAC, and by other professionals in various fields, from 
both COPAC (economic-financial, communication, etc.) and ENAIRE (quality, security, communication, etc.).

The Manager reports to the Governing Committee on the performance and results of the Observatory, of which it will be a 
part, to support the conclusions obtained and the actions derived from them.

In order to carry out all the activities of the Observatory, the signed agreement has associated economic clauses on the 
contribution of resources by both entities.
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Q6: Performance monitoring from the Airline perspective - Wizz Air

Airlines can use aircraft-derived data for CDO monitoring and data can be presented in a myriad of different ways. One 
such example from Wizz Air illustrates how this airline benchmarks CDO performance by individual flights / Pilots. The per-
formance statistics are given to the Pilots; they show each individual what their performance is like, and more importantly, 
where it is ranked, compared to the performance of all other Flight Crew at the same base.

As an airline with a fleet of 120+ aircraft, consisting solely of Airbus A320 / A321 (ceo / neo), Wizz Air wanted to systemise 
the performance of its flights after a thorough QAR data analysis revealed that there were major differences in the average 
descent fuel consumption across Pilots operating from the same crew base. 

The magnitude of the differences was high enough to place descent optimisation into Wizz Air’s TOP 5 initiatives for CO2 
reduction. A detailed data analysis of the QAR data revealed that the airline’s performance was particularly weak in areas 
such as:

n Delaying the ToD which resulted in high speed descents;
n Deceleration and configuring early for approach;
n Non-efficient use of aircraft automation and the FMS;
n Inaccurate calculations of the FMS; and,
n Inappropriate design of the arrival procedures resulting in the inability to take advantage of the FMS calculations. 

Wizz Air worked with Storkjet and the Silesian University of Technology to identify fuel burn inefficiencies using QAR data 
as the source of fuel burn data. The analysis concluded that the precision of key performance model output parameters (i.e. 
fuel flow) creates the foundation for high-precision integrated models and accurate outputs see Figure 101.

 
Figure 101: Error distribution of Storkjet performance model in Wizz Air analysis

The conclusions of the analysis agreed with the recommendations of the Action Plan, namely that not only were higher 
level-off segments more efficient than lower segments, but a CDO (plus a step climb) saved more fuel than a CCO (plus a 
step descent at the same level). 
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This means that if there was a choice between a 50nm level-off at FL250 in the climb phase OR the descent phase, the lev-
el-off in the climb phase would generate more fuel savings: see Figure 102. The root cause of this conclusion was the fuel 
burn difference between step-level altitude and the optimum altitude – this difference was much smaller in the climb.

Figure 102: A comparison of fuel burn for a Wizz Air A321 comparing a CDO (+ step climb) versus a CCO (+ step descent) 
with the same length of level segment and FL in climb and descent

The data availability and accuracy of fuel burn performance modelling prompted Wizz Air to carry out a benchmarking 
exercise on the fuel burn performance of the descent phase of flight. The objectives of this benchmarking performance 
were to reduce the total descent fuel consumption from a pre-defined distance from touchdown until the final approach. 
This distance was agreed on the basis that it should be as short as possible, but far enough to include the part of the cruise 
component i.e. capture the ToD and enable a comparison between airport arrival performance. The nominal distance was 
set at 150nm.

The performance measurement programme was developed internally with collaboration between the Flight Operations 
and the Information Technology Departments, with QAR output as the principal data source together with additional infor-
mation provided by Flight Crew.

The primary KPI developed was the ‘total fuel consumption during descent’. The Wizz Air QAR data is made available once a 
flight has landed and the QAR is connected to the local 4G network, downloading all kinds of performance data that can be 
used not only for fuel burn performance analyses but also for safety analyses and other regulatory requirements. 

As the QAR data was available, Wizz Air considered the identified metric was more appropriate and accurate, given the data 
availability as it would give immediate fuel burn data as opposed to using the proxy of level flight segments.
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The total fuel consumption during descent was measured for each airport where Wizz Air had a base with feedback on 
performance given to all Pilots at each base every month. The feedback included the analysis of all fuel efficiency-related 
initiatives, including descent performance feedback and included the number of sectors flown per Pilot.

The performance feedback allows each individual Pilot to see their own descent efficiency score and more, importantly, 
where they rank amongst all other Pilots at the base. Each individual is able to see only their own performance whereas the 
fuel efficiency manager is able to identify each Pilot. This allows the airline to support individual Pilots with refresher training 
or to follow up on the reasons for a certain performance level, but it is not a punitive culture – there are no performance 
bonuses for better than average performance and there are no penalties for lower than average performance. The analysis 
may be compared with a number of human characteristics e.g. age, Pilot background (e.g. military / civil / business aviation) 
etc. which can identify where Flight Crew CDO training could be more focused.

When average performances per base are compared, Wizz Air is able to identify straight away which airports have more 
constraints or inefficiencies in the descent profile. It can adopt a pro-active approach to working with individual airports 
with the aim of further optimising CDO – yet another benefit of performance monitoring.

Figure 103: Comparison of fuel burn consumption per airport in 2018 for 50 most popular Wizz Air bases. 
Fuel burn is defined as fuel burned from 120nm until 5nm before landing.

Figure 103 shows the amount of average fuel burn per arrival from 120nm to 5nm to touchdown at the 50 biggest bases. 

This figure highlights the reference fuel that is required at the more efficient airports and could be used as a benchmark for 
measuring the additional fuel burned at less efficient airports; at times it may even be double the amount of reference fuel 
burn.

In the first year of descent fuel burn monitoring, the total descent fuel consumption was reduced by 8%. This was achieved 
primarily by higher compliance with ECON speed on descent and a more accurate estimation of the ToD.

It should be noted that descent performance was reported only for descent to unrestricted airports. “Unrestricted” means 
that there are no complex arrival procedures and arriving traffic is low, so allowing full control over the descent profile. Such 
airports constitute 50% of Wizz Air’s network – so in reality, the 8% fuel savings were generated by only half of the flights 
that Wizz Air operates.
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One example of a significant improvement in descent fuel burn can be demonstrated at Oslo Torp airport. Figure 104 shows 
the descent fuel burn data after the introduction of modified descent procedures with an emphasis on the importance of 
accurate ToD point estimation in January 2018. The six-month moving average fuel burn values clearly demonstrate dou-
ble-digit performance improvement in the first 12 months, together with a clear indication of the cyclical nature of CDO 
performance: in winter CDO performance is affected more by weather and in summer more by traffic intensity. 

Figure 104: Change in average descent fuel burn at Oslo Torp (TRF) airport

Based on the success of this initiative, Wizz Air have taken the main outcomes of the fuel benchmarking study and created 
training materials for descent management that have been developed in collaboration between the Flight Operations and 
Training departments. 

Following the observed improvement in descent performance, Wizz Air have also identified further potential foe fuel sav-
ings using QAR data such as:

n Improvement of FMS calculations, consideration is being given to furnishing the FMS with Descent Profile Optimisation 
modifications;

n Application of accurate IDLE factors which help the FMS to determine optimum descent more accurately; and,
n Enabling automatic wind-uplink data to FMS before the aircraft starts the descent.

Should these steps prove successful, the Wizz Air fuel efficiency team will recommend updates to operating procedures in 
the OM in order to maximise the advantages of automation.

One final indication of the benefits of measuring CDO performance using QAR data can be seen in Figure 105. The optimum 
fuel burn usage in a 120nm to 5nm descent may be in the range of 260kg fuel. This picture shows an example of descent “Ac-
tual” where ATC enabled unconstrained descent and the Flight Crew almost totally adhered to the recommended practices.
If you compare these values with the values of the best performing airports in Figure 103 - Kiev (IEV) and Riga (RIX) - you will 
see at those airports, approximately 30kg of fuel burn from a perfect idle profile is achieved. This means that these airports 
create very good conditions for Flight Crews to perform green, idle descents. However, the remaining 30-40kg of possible 
fuel savings can only be made by better piloting techniques.
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Figure 105: detailed fuel burn analysis of a ‘perfect’ descent


