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Executive summary
The AMBER project stands for “Arrival Modernization for Better Efficiency in Riga”. This project was led
by a consortium formed by Air Baltic, Quovadis (who later was renamed Airbus Prosky) and Latvia’s
traffic service provider LGS (Latvijas Gaisa Satiksme).
The objectives of the AMBER project were:


To demonstrate regional turboprop aircraft capability of flying tailored RNP AR procedures, in
order to reduce CO2 emissions by achieving track mile savings together with Continuous
Descent Operations (CDO), compared to conventional procedures;



To optimize the arrival routes into Riga International Airport’s RWY 18 using PBN technology;



To reduce the noise impact, where possible, over populated areas using vertical profiles.

The AMBER initiative introduced in Latvia a proven advanced form of GNSS-based precision operation.
It takes full advantage of RNP AR capabilities for a variety of aircraft including jetliners (such as Airbus,
Boeing and Bombardier aircraft), as well as turboprop aircraft such as the Q400 Dash 8, by designing
and validating through approximately 100 revenue flight demonstrations, RNAV (RNP) STARs and
RNP-AR approaches for the arrival to runway 18 of Riga International airport. This project also foresees
the training of local Air Traffic Control personnel to handle efficiently and without disruption the mix of
RNP and non-RNP capable aircraft during the flight demonstrations and prior to full implementation.
The project has been divided into seven work packages and distributed in three phases to be completed
within 24 months of the project start. Phase 1 addressed the design, testing and validation of the
procedures; Phase 2 encompassed the flight demonstration activities and analysis of results; and Phase
3 addresses the communications and public relations activities.
Two approaches have been designed. The first one, called RNAV(RNP) approach Z RWY 18, is a
slightly longer track ensuring a comfortable 2 NM straight-in final segment. The second one, called
RNAV(RNP) approach Y RWY 18 has been designed in order to increase track mile savings, by
designing a shorter track with a slightly more challenging last turn and only 1 NM straight-in final
segment.
The demonstration flights have been carried out under Visual Meteorological Conditions (VMC), in block
periods spanning approximately 9 months between Mid-September 2013 and end of May 2014. 371
flights were dispatched as trials flights; 124 of them performed a successful AMBER arrival, either 18Z
or 18Y. The other flights did not start the approach or had to cancel the approach mainly due to weather
issue, RWY 36 in use or ATC rejection.
The implementation of Flight Data Monitoring (FDM) during the flight trials also allowed the Consortium
to compare specific measurements such as fuel burn/CO2 emissions, air distance flown, flight time or
level-offs during approach, between conventional approaches under radar vectors and AMBER
approaches to Riga Airport’s runway 18. As expected, results show that the use of RNP AR procedures
can lead to savings up to over 15 NM of flight distance / 60Kg of fuel per approach.
The AMBER project is part of the Atlantic Interoperability Initiative to Reduce Emissions (AIRE)
programme, aiming to reduce CO2 emissions, capitalise on today’s aircraft technology, and accelerate
the uptake of ATM best practices. AMBER thus demonstrates measurable immediate benefits at hand
that can be used to improve operations efficiency and trigger a rapid deployment across Europe.
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1 Introduction
1.1 Purpose of the document
This document provides the Demonstration report for the AMBER project at Riga airport. It describes
the results of demonstration exercises defined in the demonstration plan (Project Number 01.03, Edition
01.00.002) and how they have been conducted.

1.2 Intended readership
The SESAR Joint Undertaking (SJU) and, specifically, the SJU’s points of contact and reviewers
assigned for AMBER will find this document particularly interesting as it provides a detailed analysis
regarding use of RNP AR in Riga International Airport RW18.
Secondly, this document shall be a very useful tool for all members of the project as it contains clear
descriptions of all technical and operational concepts, details and tools used during the project.
Finally, the document might provide remarkable inputs to other projects dealing with the introduction of
RNP AR procedures in terminal airspaces, as well as introducing RNP AR procedures for regional
turboprop aircraft.

1.3 Structure of the document
The document is organized as follows:



Section 1 is the introduction;



Section 2 presents how this project and the demonstrations contained in it are related with
the SESAR program and the near-future objectives of the ANSP;



Section 3 explains the project management;



Section 4 provides an overview of the exercise execution and planning;



Section 5 provides information regarding exercise results but also the project’s conclusion and
recommendations.



Section 6 summarizes the project’s communication activities ;



Section 7 presents the last steps to be conducted in order to finalize the project;



Section 8 provides the list of applicable and reference documents.

1.4 Glossary of terms
Continuous Descent Approach (CDA). An approach, enabled by airspace design, procedure design
and ATC facilitation, in which an arriving aircraft descends continuously, to the greatest possible extent,
by employing minimum engine thrust, ideally in a low drag configuration, until the final approach fix /final
approach point.
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3.2 Work Breakdown Structure
The AMBER project is formed by seven (7) work packages (refer to Figure 2). Each work package is
led by a Consortium Member with the contribution of other project members and participants.

Figure 2 : Work breakdown structure of AMBER

The work packages are distributed into three (3) distinct project phases as shown in Figure 3.

Figure 3 : Work package distribution of AMBER Project

Phase 1 of the project encompasses WP0 to WP5, which includes overall project management,
procedures design work, safety assessments, and development of operational procedures prior to
commencement of the flight demonstration activities. Figure 4 next page displays the work development
that will take place during Phase 1 of the project.
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Figure 4: Phase 1 activities for AMBER

WP0 (Project Management) concentrated on the overall management and coordination activities of the
project, most importantly interfacing with the SJU on behalf of the Consortium Members. Control of the
project deadlines, milestones and accomplishments, budget actions, risk management,
communications activities and deliverables submission is included as part of this WP.
 Air Baltic, as project coordinator, led WP0.

WP1 (Operations requirements specifications) defined the ANSP and the airlines operational needs,
assessment of local RNP AR regulations, and the requirements for the flight demonstration activities.
The main deliverable for this work package is a Project Specifications document detailing the factors
and criteria agreed between all project parties for the design of the procedures at Riga airport.
 Air Baltic and Airbus Prosky both led WP1;
 LGS validated the conclusions reached during WP1 and approved the project specification.

WP2 (Procedure design) addressed the design of the flight procedures. The conceptual design has
been discussed during the kick-off meeting in October 2012, and has been frozen prior to starting the
detailed design. The deliverables of this work package include procedure technical reports, production
of navigation database coding and charts resulting from the detailed design work. The resulting material
has been analyzed, validated and accepted by the Consortium Members prior to start the ground and
flight simulation tests.
 Air Baltic and Airbus Prosky both led WP2;
 LGS participated to the detailed design definition throughout the process, and then accepted the
flight procedures when they were designed

WP3 (Validation and verification) encompassed the ground validation, flight simulator, and aircraft
performance tests required as inputs for the Flight Operations Safety Assessment (FOSA) document of
WP5. These tests also ensure that the designed procedures are flyable under agreed parameters. The
deliverables of this work package are the simulator validation test results.
 Airbus Prosky led WP3 in close collaboration with Air Baltic

WP4 (Training) defined the flight crew and ATCOs training requirements prior to commencing the
demonstration flight trials. This includes the review and dissemination of training guidelines and syllabus
for aircrews to adopt, and ATC training on the developed procedures to ensure efficient clearances
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during the demonstration activities. Deliverables of this work package include training syllabus for both
operators and ATC.
 Airbus Prosky led WP4, to define the training requirements and propose the training plan and
materials for both flight crews and air traffic controllers
 Air Baltic was involved in organizing and coordinating the flight crew training activity
 LGS was involved in organizing and coordinating the air traffic controllers training activity

WP5 (Safety Assessment) encompassed the activities required to produce the Flight Operation Safety
Assessment and ATC Safety Assessment document deliverables for the TMA and the aircraft types
participating in the demonstration flights.
 Airbus Prosky and LGS led WP5
 Air Baltic coordinated the development and validation of these assessments.

WP6 (Flight Demonstrations and Evaluation) was part of Phase 2 of the AMBER project. In this phase
the Consortium accomplished exactly 124 successful demonstration flights at Riga. The aircraft
equipment utilized on these flights was based on operator’s availability, trained crews and ATCOs
present for the demonstrations. The deliverable of this work package are initial reports resulting from
the Flight Data Monitoring outputs and radar tracks obtained from the flights, in addition to other
statistical information that can be obtained during the time these operations take place.
 Air Baltic led WP6.
 Contributors included Airbus Prosky and LGS.
WP7 (Analysis and Communication) was part of Phase 3 of the AMBER project and dedicated to the
Awareness & Dissemination activities also outlined in the Communications Plan described in Section 7
of this document. Figure 5 below provides a high level view of the timing expected for the
communications activities related to major project milestones:

Figure 5 : Milestone Comm. Releases of AMBER

 Air Baltic and Airbus Prosky both led WP7.
 LGS provided support by providing some data and analysis on the recorded flight trials.
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intended way in which data will be captured to meet the objectives of the project are explained within
each exercise section.
The procedure design process is composed of the conceptual design and the detailed design. When
tasked to design procedures, a conceptual design is performed for each airport taking into account the
environmental constraints together with the ANSP’s and operator’s requirements. Items such as the
aircraft models, speeds, ATC procedures, AIP information, and operational constraints are all factors
taken into consideration during the conceptual design. These design(s) are then presented and
discussed during the Kick-Off Meeting.
After presentations and discussions between the interested parties, the conceptual design, project
objectives, project planning, applicable regulations were summarized and included in a Project
Specifications document, that shall be validated formally by all stakeholders prior to the start of the
detailed design.
During the detailed design of the procedures, the project managers and procedure designers ensure
that the intended trajectories take into consideration all constraints identified in the conceptual design,
ensure paths are flyable and comply with the performance of the aircraft types intended for the
procedures. Each flight leg of the procedure is checked to ensure that the aircraft is capable to fly the
different constraints (altitude, speeds, and turn radius). If there are significant changes between the
conceptual design and the detailed design, changes must be approved by all stakeholders prior to
implementation.
Each RNP AR instrument procedure is thoroughly evaluated in a representative simulator to:
- Verify the flyability of new designed instrument procedure;
- Define adequate normal and abnormal flight crew procedures;
- Validate the FMS navigation database coding; and
- Evaluate the absence of TAWS warning when the aircraft is on the nominal flight path.
During this evaluation, the effect of the aircraft design had to be taken into consideration and evaluated
in variable conditions such as normal or rare wind and temperature conditions. As necessary wind
and/or temperature limitations may have to be defined in addition to the temperature limitation, which
may be mandated by the design criteria of RNP AR approach procedures.
Due to inadequate Q400 simulator configuration in Stockholm, Air Baltic used a DH-8 Q400 simulator
in Toronto training center to test the flyability of the procedures on DH-8 Q400 aircrafts. Due to its
unique relationship to Airbus, Airbus Prosky used the A320 simulators of Toulouse Training Center to
test the flyability of the procedures on one jetliner model.
A detailed design review meeting was set by all involved parties on 4th June 2013 to freeze the final
design and procedure trajectories prior to final coding and charting. In addition a technical report and a
flight operation safety assessment were produced providing pertinent information for the ANSP and
operator to prepare training items for crews and ATCOs, and for the authorities (when involved) to
deliver any authorizations required by the interested parties upon successful completion of a flight (FFS
or live) demonstration. The up to date Navigation Database with RNP AR approaches coded was
provided to Air Baltic on June 2013.
To ensure achieving the objectives of the project, a significant quantity of flight data related to present
conventional procedures available for Riga airport were captured. These processed results were then
compared to the data captured during the RNP AR demonstration flights.

4.3 Deviations from the planned activities
During the testing phase in simulator, it appeared that the RNP AR trajectory agreed during the kick off
meeting was restrictive and not enough efficient regarding the design specs for flights coming from
West / North West. Therefore, a new RNP approach has been designed for flight coming from the West
– North West and has then been connected to all the entry points existing for the first approach.
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This led to design two different RNP AR approaches:


The RNAV (RNP) Y RWY 18: This approach is the one initially planned for the project, during
the project’s definition and kick-off meeting in 2012. It provides the shortest possible track from
South/South West arrivals to land on RWY 18, and leads to maximum efficiency and avoidance
of nuisance for populations. However, this approach was eventually found to be trickier
depending on the meteorological conditions (e.g strong winds). In particular the final turn leads
to stabilizing the aircraft rather late in final at 300 ft AAL, and with challenging winds such as
westerly crosswind, this may be a challenge for pilots to handle.
It was decided to keep this approach available for project trials, but to restrict its use to fair
weather conditions (good VMC conditions, light wind, absence of crosswind).



The RNAV (RNP) Z RWY 18: refer to 5.1.2.3. This approach provides a longer and more
comfortable stabilization segment in final to RWY 18.

Due to operational requirements, external factors to the project (i.e. weather) and late approval
(obtained in September 2013), the flight trials began later and lasted longer than expected in the initial
project’s scope. Indeed, the flight demonstration occurred in August 2013 and the flight trials took place
from September 2013 to May 2014. One of the main issues encountered was to be able to combine:
- RNP AR approved aircraft (all the Air Baltic fleet was not capable of RNP AR),
- Trained flight crew for RNP AR operations,
- Adequate runway in use (RWY 18),
- Weather and wind suitable for a VMC approach,
- Light traffic period of day, and ability for ATC to issue the clearance for AMBER approach.
However, more than 100 flights have been performed an AMBER approach at the end of May 2014 and
the comparison exercise between conventional approaches and AMBER approaches has then been
successfully completed.
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5 Demonstration Exercise report
5.1 Demonstration Exercise Report
5.1.1 Exercise Scope
5.1.1.1 Exercise Level
The demonstration exercise of AMBER project covers RNP STARs and RNP AR approach
demonstrations into RWY 18 of Riga airport.

5.1.1.2 Description of the Operational concept being addressed
The introduction of PBN is a proven-concept that allows many operational benefits for all aviation
stakeholders: airlines, air traffic management organisations, airport and local communities.
Riga Airport is rapidly growing, and therefore, the implementation of modern technologies is a natural
step to accompany this growth whilst keeping the environmental-friendly objectives of Latvian aviation
development a priority.
In line with this development, Air Baltic is rapidly renewing its aircraft fleet to more modern, more fuelefficient aircraft, such as Bombardier Q400 NextGen (2013) and Bombardier CS300 jetliner (2015). All
these new aircraft are capable of handling modern PBN solutions such as RNP AR approaches.
Therefore, the AMBER project is a trigger to introduce innovative solutions in order to enhance the
traffic flow on approach and lower fuel cost and environment footprint.
Procedural and operational improvements within busy TMAs as expected in the AMBER project, are
covered by SESAR Traffic Synchronization Priority Business Needs, more precisely by OFA 02.01.01,
OFA 02.02.0.

5.1.1.3 Demonstration objectives and hypothesis
The first objective (OBJ-01.01-1) of this demonstration exercise is to design optimized lateral/vertical
paths and RNP operations. Then, on top of this lateral path reduction, the objective is to provide an
approach design that allows no intermediate level offs from entry in Riga FIR to the interception of the
final approach path (Continuous Descent Arrival concept) which will further contribute to optimizing the
approach path.
The second objective (OBJ-01.01-2) of this demonstration exercise is to actually execute flight trials,
to demonstrate the successful implementation of these RNP procedures in Riga. This implies carrying
out a validation and approval exercise with the CAA of Latvia, in order to grant authorization for these
passenger flight trials, properly training and briefing the required personnel including flight crews and
ATC, and then capturing the required data, in order to perform a study that will show achievements of
introducing new procedures compared to conventional ones.

The third objective (OBJ-01.01-3) is Fuel savings and CO2 emissions reduction on RNP STARs and
RNP AR Approach.
This objective is a direct result of the successful completion of OBJ-01.01.01-1. By creating an approach
path that allows track miles reduction and optimized flight profile, significant fuel savings can be
achieved. This has a direct consequence on CO2 emissions reduction, since CO2 emissions are
proportional to fuel burn.

The fourth objective (OBJ-01.01-4) is Noise reduction using green trajectories.
Finally, environment concerns in Riga airspace very much include noise –sensitive areas in any study
aiming at optimizing flight tracks. In particular, in the case of Riga approaches to RW18, it is essential
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to avoid overflying the touristic and very noise sensitive area of Jurmala city on the coastline of the
Baltic Sea.

5.1.2 Conduct of Demonstration Exercise EXE-01.01-001
5.1.2.1 Approach Design
5.1.2.1.1 Optimization of lateral flight track:
RNP AR approaches allow to design optimized curved paths, to join the required entry points (in Riga:
the transfer points at the FIR boundary) to arrive on the final axis. Because the aircraft is stabilized at
the FAP on a lateral and vertical guidance and because it is possible to design curved paths after the
FAP, it is not required to design an approach with a long straight-in segment of 5-10 nm, as it is the
case for an ILS approach for example.
Taking benefit of this, the concept was to design a lateral profile that joins a right-hand “base leg”, just
South of Jurmala city, and then turns right to line up in short final of runway 18, with RNP levels set to:





RNP 1.0 until initial approach fix
RNP 0.3 during approach
Gradual increase to RNP 1.0 on missed approach

Below is the corresponding approach chart:
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Figure 6: RNAV (RNP) Y RWY 18 lateral track

This is the shortest possible lateral track to connect entry points such as GUNTA or ASKOR to the final
approach of RWY 18, taking into account the environmental constraints:

-

Not to overfly the populated area of Jurmala City and coastline
Not to overfly the City of Riga (east of the airport)

For the other entry points, the concept was to join the final part of the approach at the same waypoint
(RA721) in order to have a common final approach track. This led to a slightly sub-optimal lateral track
for the ERIVA arrivals, which could be shorter if designed east of the airport.
As mentioned in Section 4.3, an additional RNP AR approach has been designed in order to take full
benefits of RNP AR capabilities.
The new trajectory allows first to take benefit from RNP AR for flight coming from the West / north-West,
but also to increase the last radius, as it is flown over the Gulf of Riga, which was the difficult point of
the first RNP AR approach.
The submitted design is the following:
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Figure 7: RNAV (RNP) Z RWY 18

The development of this second approach has been conducted in parallel with the other one. Therefore,
the design specifications, safety and environmental aspects and methodology used are the same as
for RNAV (RNP) approach Y RWY18 (refer to 5.1.2.2).
This second approach (renamed “Z”) became the reference track to be used for the trials, having the
more challenging “Y” one as a second option to be use in the good conditions after initial RNP AR
experience is gained by using the “Z” approach.
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5.1.2.1.2 Optimization of vertical profile:
On top of optimizing the lateral track, it is essential that the RNP AR design includes vertical profile
optimization. This is achieved by allowing the various aircraft to fly the procedure whilst descending on
their optimized descent profile, which is the one calculated by their on-board FMC. This includes:
- Descending at or close to the aircraft’s optimal calculated TOD (Top of Descent)
- Avoiding unnecessary altitude constraints that would force the aircraft to descend too low, or stay too
high, and then have either an unnecessary level-off or on the other hand an excessive energy level to
cope with (use of speed brake, increase of fuel burn).
- Avoiding unnecessary speed constraints that would result in aircraft’s early speed reduction increase
of overall flight time, and therefore decrease in fuel burn efficiency.
This was achieved by observing the FMC-predicted optimal vertical path (with no constraints) and then
adding altitude constraints (for ATC purposes) which were non-restrictive for the aircraft’s optimal path.
As an example, “at or above 5000ft” constraints were added, where the aircraft is really between 6000
and 8000ft on its optimal descent path.
To ensure compatibility with all aircraft types, a standard jetliner (A320) was used as a reference. The
ideal (unconstrained) profile for the A320 was computed using its FMS, and then altitude constraints
were added, that are below the optimal profile. Then checks were made in order to verify that the Q400
would be on or close to its ideal profile.

5.1.2.2 Design validation
Once the detailed design frozen and agreed by all the stakeholders, the two approaches have been
coded and tested on simulator.
Full flight simulator tests have been conducted on both DH-8 Q400 and jetliner model (A320).
The DH-8 Q400 simulator session took place in Toronto (Bombardier training centre). During the
session in a few cases unexpected disconnection of the autopilot near the VIP was observed, resulting
in inability to further keep the AP for approach. This was eventually understood as an issue of flight
phase transitioning in the FMS. To clear the issue, Air Baltic developed an internal procedure to include
a small level-off of 2 NM before the VIP, and ensure the aircraft intercepts the final path in level flight.
The simulation session conducted on the A320 full flight simulator did not raise any concern related to
the aircraft.

5.1.2.3 Training
A specific RNP AR training has been provided for both Air Baltic personal and ATC personnel.

5.1.2.4 Safety assessment
Safety assessments have been prepared from perspectives of different participants, with any risks
respectively addressed.


Airbus Prosky prepared a Flight Operational Safety assessment (FOSA).



Air Baltic prepared a Safety Assessment, based on the FOSA and internal considerations.



Airbus Prosky and LGS also prepared a safety assessment regarding ATC clearance and
monitoring of RNP AR operations.
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5.1.2.5 Approval
After providing the full project documentation to CAA for review and demonstrating - through a nonrevenue flight demonstrating of all five “Z” arrivals (*) - the navigation system capabilities, aircraft
flyability, ATC procedure and communication efficiency as well as operator procedures and crew
preparation, Air Baltic received on 13th September 2013 the approval to start flight trials.
(*) The Y approach was approved and introduced later.

5.1.2.6 Flight trials
The first flight trial was flown mid-September, after having being approved by the CAA. Between
September 2013 and May 2014, 124 successful AMBER flights were completed. Results are provided
in section 5.1.3 of this report.
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concept, it is presumed that also AMBER Y approaches will provide at least equal reduction in noise
level, through reduction in noise level could be even higher, due to lower speed restrictions prescribed
in the Y arrival procedure. On the other hand, trajectories of the AMBER arrivals are overflying homes
of more residents than the current conventional arrivals, where final turns are executed over Baltic Sea.
When comparing the positive effect of noise level reductions (minimum 0.6 dBA, measured 1.2 dBA)
against the negative effect of more residents affected (equivalent of 0.1 dBA for Z approaches and
0.7 dBA for Y approaches), the positive effect is considered more significant, thus introduction of
AMBER RNP AR approach procedures is considered desirable from airport noise management
perspective. A scanned copy of the prepared noise assessment report has been attached to this
document in Appendix A.

5.1.3.2 Data capture methodology
For all of performed trial approaches, several indicators have been stored and analysed. For data
recording the existing Flight Data Monitoring system was used, consisting of on-board quick access
recorder and computer infrastructure in Air Baltic offices. Such solution provides the most exact and
reliable figures, without workload increase for the participating flight crews. Readings of the fuel flow
metres were used for fuel consumption calculation. In figure 1 the used data acquisition model is
described.
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Figure 8: Project’s data acquisition model

The Key indicators for this project were:


Air distance flown



Flight time



Fuel consumption (CO2 emissions derived from fuel burn)



Level-off cumulated distance and time

The method used for indicators calculation and comparison between conventional and RNP AR
approaches is to capture data when the aircraft arrived within in a 75NM radius from Riga RIX VOR
DME (located on the airport), in order to ensure a realistic comparison between the conventional and
RNP approach. This calculation method allows to:
- Observe the benefits of both shorter tracks and continuous descent profile
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5.1.3.3.3 Results impacting regulation and standardisation initiatives
Not applicable

5.1.3.3.4 Unexpected Behaviours/Results
The main issue of the project was encountered during the simulator session on DH-8 Q400 simulator
in Toronto. While performing a CDA and crossing the FAP on a -3° FPA, the autopilot unexpectedly
disconnected at 2500ft and remained disconnected even if the crew attempted to manually re-engage
it. The problem does not happen if a slight level-off segment is performed just before reaching the FAP.
2 similar cases were reported during flight trials, when the level off segment was not included.

5.1.3.3.5 Quality of Demonstration Results
The quality of the results obtained in AMBER flight trials is very good. The QAR data are acceptably
accurate and the sample of the analysed data is sufficiently large to allow for meaningful results.
During the project a parallel study was performed by EUROCONTROL specialists using the V-PAT
(Vertical Profile Analysis Tool) tool. Automatically generated surveillance data was supplied for 121
AMBER flights by LGS, the profiles were analysed to determine how much level flight occurred during
each descent, and therefore the degree to which the flights undertook Continuous Descent Operations
(CDO). Also a fuel consumption figure was calculated.
The results obtained by V-PAT tool were very similar to the ones calculated for AMBER project with the
methods described in previous sections. One flight was found as performed with intermediate level-off;
noise profile of flights was calculated as averagely at or slightly better than that expected by CDO
arrivals. Mean fuel burn difference was 5.3 kg, which is considered very low. Such facts are further
increasing trust in reliability of performed calculations. For a full V-PAT analysis report please refer to
Appendix D.

5.1.3.3.6 Significance of Demonstration Results
The significance of the results obtained in AMBER flight trials is good, highly supporting the goals set
for both the project and the initiative in general. Project results have demonstrated that RNP AR
approach technology offers considerable environmental benefits also for applications with the relatively
less fuel consuming turboprop aircraft as well as for airports which are not currently considered amongst
top highest traffic European air traffic hubs.
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5.1.4 Feedback from the exercise
5.1.4.1 Feedback from the pilots
12 Captains and 9 First Officers, most with more than 2 years of flying experience on the type were
selected to participate in the AMBER trial flights. After one training session in a Dash 8 Q400 simulator,
they were approved.
On average, each pilot performed 12 approaches and filled in a report form after every attempt.
Feedback on the experience via this form was consistently positive (in truth the ability to provide a
comment easily and frequently was reportedly highly appreciated by participants). Individual interviews
also confirmed that pilots generally liked this procedure.
The approach was generally described as “simple and straightforward”. Pilot involvement consisted
primarily of system monitoring and speed control which reportedly made the final low altitude turn
unnerving in the beginning. This disappeared after a few successful trials.
Reportedly, being the first European turboprop group to perform such approaches elicited pride.
Involvement also led pilots to investigate their aircraft’s automation capability and trust it more.
Withdrawal rate from the project and refusal to share results remained nil.

5.1.4.2 Feedback from the ANSP
During the trial period, no outstanding related operational reports were received from ATC controllers,
thus the provided preparations are considered adequate. Especially highly evaluated by ATC personnel
were the performed ATC simulator sessions.
After completion of the trial a detailed survey was performed for the ATC officers who participated in
the process, revealing both the operational difficulties experienced and the improvements introduced in
the ATC environment. The main difficulties were related to integration of both AMBER and conventional
flights in periods of high traffic and non-standard situations due to nearby airspace restrictions related
to military activities or dangerous weather. Also it has been noted that more frequent RNP arrivals would
have been useful for more comprehensive everyday experience of merging RNP and conventional
arrivals. On the other hand the very high demonstrated track keeping accuracy during all of the trials
was especially highly apprised. Also the minimised airtime in terminal airspace and reduced number of
radio transmissions per arrival have been evaluated as very useful improvements from ATC side.
ATC officers also highlighted further valuable considerations for perspective widening of RNP AR
approach usage and its integration with conventional traffic in Riga terminal airspace, e.g. possibilities
to combine vectoring and RNP AR approach and including the PBN approaches in automated arrival
management system (AMAN). Related LGS AMBER project closing report has been attached to this
document in Appendix B.

5.1.4.3 Feedback from the supervising Authority
During the entire course of AMBER project the CAA of Latvia actively provided the needed support and
oversight, within the respective regulatory framework.
At the closing stage the project is evaluated as successfully completed and valuable, ensuring and
verifying both the capability of Air Baltic flight crews and operational personnel to conduct RNP AR
Approach operations as well as will and capability of LGS to provide such possibility in Riga International
Airport. The acquired expertise has potential to highly facilitate a full scale approval and introduction of
specific PBN specifications in everyday operations and promote necessary amendments in operator
manuals. Based on analysis of project results a well-grounded economical assessment can be done,
justifying the required investment into new aircraft equipment. Also the need for high effort and
participation of both airline and ANSP is underlined in further introduction of PBN specifications in
Latvia, to ensure highest possible efficiency of the airspace use. For a full text of opinion letters of CAA
of Latvia in Latvian, please refer to Appendix C.
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Figure 9: Screenshot of project promotional video No.1

Figure 10: Screenshot of project promotional video No.1
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The second video is targeted to aviation professionals, covering one full AMBER “Y” approach and key
facts about the project.

Figure 11: Screenshot of project promotional video No.2

Figure 12: Screenshot of project promotional video No.2
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7.2 Lessons learnt and recommendations
The following provides some elements of lessons learnt and recommendations for possible similar
projects and trials in the future, based on the experience of the AMBER project.

7.2.1 Overall
Importance of stakeholders’ cooperation and involvement
The AMBER project was successfully conducted and completed thanks to a good general teamwork
between all stakeholders, since the project’s start until its completion. Stakeholders need to have a
clear understanding of what their involvement will be throughout the project, and need to maintain
communication on their progress and difficulties, to mitigate risks of blockage or delays.
In the case of AMBER project, as for possible other similar projects of PBN implementation in Europe,
the following stakeholders have been involved from Day 1 through the realization of the project:
- The airline;
- The ANSP;
- The regulation authority;
- The airport;
- The procedure design company.
A kick-off meeting should present the project objectives and general framework, and should allow for
everybody to agree on the general design and execution objectives. Making the kick-off meeting a
publicity event could further solidify the persistent commitment towards a successful result.
Note: A pre-kick off meeting supported by SESAR could help to establish grounds and responsibilities
for the project before the project actually starts.
Regular progress meetings or telecons need to be organized so that all stakeholders are well informed
of the progress of the project, and of the difficulties that others may encounter in their own respective
tasks.

7.2.2 Design of the procedures
Short lateral track
The design of the procedures should be carefully studied from the start of the project, and agreed by
the project participants. In particular, for projects such as AMBER, with environmental objectives such
as track miles reduction, and fuel/CO2 savings, it should be avoided to try and design the shortest
possible track, but instead design a less ambitious but more operationally comfortable track, in order to
facilitate the discovery of RNP technology by the project stakeholders.
In the example of Riga, the initially targeted savings of 25 NM was only achievable by a quite challenging
track (Y, which was eventually approved in a second step of the trials) but the project team opted to
preferably develop and use a more standard and comfortable approach path to begin the operation,
leaving the more challenging for days with good weather and calm winds. Savings were therefore less,
but this less challenging approach allowed gaining confidence and experience in the technology, which
was a positive step forward.
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Figure 13: Short lateral “Y” track

Late design changes
Late design changes, such as the ones decided during AMBER project (a couple of weeks only before
the validation), are a risk, since they need to be carefully discussed and approved by the stakeholders.
Risks associated to late design changes are:
- heavy (re)design costs, and possible long delay in delivery of the procedures;
- insufficient involvement by ATC in the choices made for the changes, and risks for traffic
separation issues;
- inadequacy of the changes with the aircraft’s capabilities, procedures not flyable;
- inadequacy of the procedures with environmental constraints (e.g. noise impact study).
Vertical profile and altitude constraints
One of the potential benefits of implementing PBN procedures is the capability to perform the approach
in a continuous descent operations (CDO) mode. However, airspace management and ATC
considerations usually dictate that altitude constraints be implemented for easier airspace organization
and strategic separations of traffic. The design phase should ensure that these altitude constraints will
not prevent aircraft of various performances to operate the procedure in continuous descent, in
particular it should be preferred as much as possible to:
- Avoid “AT” constraints, and prefer “AT OR ABOVE” constraints;
- Avoid as much as possible “constraining” constraints, e.g. altitudes that will impose a level off
or earlier descents with shallow path;
- Avoid keeping the aircraft high until late in the arrival, that will necessitate a steeper and nonoptimal descent to reach the final altitude (possibly with early use of speedbrakes and landing
gear);
- Avoid early and unnecessary speed reductions, which usually translates into sub-optimal
descent paths (e.g. descent at 220KT is shallower and less fuel efficient than at 250kt).

7.2.3 Aircraft and Aircrew
Obviously, one of the challenges of implementing RNP AR procedures, even for flight trials, is to have
aircraft and aircrew qualified for such operations.
For non-equipped or non-capable fleets, getting systems upgrade, or certification to operate RNP AR
approaches may involve extra costs, and delay in the process.
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Before engaging in such a project, airlines should carefully consider these aspects and their associated
costs, to determine whether the project is feasible and viable for them.
At the beginning of the AMBER project, Air Baltic made a clear choice of modernization of their fleet,
and took benefit from receiving brand new Q400 Next Gen aircraft to have them upgraded to RNP AR
capability. This goes along with a more global fleet modernization strategy for the airline, whereby Air
Baltic will replace their aging B737s by brand new CS300 series aircraft, all capable of RNP AR as well.
As RNP AR arrivals rely on automation on-board the performing aircraft, technical reliability issues have
to be properly addressed for execution of trials, with minimum equipment lists accordingly updated and
proper contingency procedures developed.
Also aircrew qualification is an important consideration. Associated training constraints and costs have
to be considered as they will be a pre-requisite for the start of the operations, even in a trial mode.
In the case of AMBER, only a subset of aircraft and aircrew were eventually qualified to operate RNP
AR in the frame of the flight trials, and therefore this induces a complexity in the dispatch considerations
for the trials (the dispatch had to match qualified tail numbers with qualified crew, on adequate routes,
so these would be targeted to request an AMBER approach trial).

7.2.4 Authority
An adequate and pro-active involvement of the supervising authority must be ensured from Day 1 of
the project, to guarantee its success. Typically, if the demonstration is to be conducted in a country
where no/little previous PBN experience exists, the authority will need to process and study regulations
in order to allow the implementation of RNP technology and eventually approve the flight trials. This
task may appear overwhelming, and may induce reluctance to carry on, or unexpected delays at some
stage, eventually jeopardizing the planning for the trials.
In the example of AMBER project, the CAA of Latvia was on-board, and actively supporting the project
and the direction taken by Air Baltic since the start. Latvia CAA had already started activities to
modernize the airspace and included PBN in their roadmap, and therefore the AMBER project was seen
as an additional step in this roadmap. However, it was a challenge to implement the regulations quickly,
and account for all the technical considerations involved in RNP operations, in time for the trials
approval.
Authorities should be supported in this effort by experts of the PBN/RNP world, and by SESAR previous
experiences. As an example, PBN/RNP workshops can be organized beforehand of the project’s kickoff (as was the case for AMBER) in order to review the various implications of PBN implementation and
plan ahead the possible difficulties.

7.2.5 ANSP
As for the authority, the Air Navigation Service Provider (ANSP) needs to be very much involved in the
project, at all stages. In particular, the following aspects seem to have been important for AMBER:
- Before starting such a project, ATC controllers should be briefed on what RNP operations are,
and what kind of implications it will have on their work;
- Sufficient ATC simulator training was found very useful by LGS employees;
- Air Traffic Controllers need to be involved in the design of the procedure, since their inputs will
be essential to an efficient design. Separation strategies should be implemented at the
procedure level (e.g. SID versus approaches, separation between approaches, tie points…) to
minimize the work of the controllers down the road;
- Air Traffic Controllers need to receive adequate theoretical and practical training on RNP
operations. In particular simulation scenarios involving RNP traffic, and RNP versus non-RNP
traffic should be considered to familiarize with possible situations;
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The ANSP must conduct a safety assessment, in order to anticipate on the possible implications
of introducing new procedures with the existing operations of the airspace.

Generally, it is found by previous experiences (USA, Middle East) that RNP implementation does not
add workload or complexity to the Air Traffic management, or to ATC controller’s job, quite the contrary.
However it is a significant change in the way to work separations between traffic and this point has to
be carefully considered.

Figure 14: Example of route interaction study
RNP AR approaches versus conventional SIDs RWY 18

7.2.6 Flight trials execution
The AMBER project involved the execution of flight trials in VMC conditions, in order to use the new
RNP procedures. The requirement for VMC conditions was put from the start, because it was neither
planned nor possible to go through a complete RNP AR approval process (allowing IMC operations) for
the project. The thresholds for VMC conditions were discussed and agreed with the regulator. Because
the MSA in Riga is very low (2000ft) it was possible to put rather low VMC ceiling requirements.
However, it has to be noted that, in the case of AMBER, imposing such VMC requirements was a heavy
burden on the rapid execution of the trials phase in some seasons (autumn/winter), and played a big
part in the fact that the flight trials lasted much longer than initially anticipated (more than 7 months,
instead of 3-4 months anticipated). Thus a precise project time planning is essential, to allow performing
actual trial flights in possibly favourable weather conditions.
A regulatory framework to approve the flight trials has to be discussed and considered at an early stage
of the project, between the stakeholders, in order to ensure that the flights can start on schedule when
all the previous milestones have been completed. In the case of AMBER, the regulator was able to
ensure that:
- The aircraft were capable for RNP AR;
- The aircrews were trained and qualified;
- The approaches would be operated in VMC below the MSA 2000ft, thus alleviating the need
for a complete RNP AR approval process as per EASA rules.
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Feedback on the progress of the flight trials was provided continuously by Air Baltic Flight Operations
through a score card indicating the number of successful/unsuccessful approaches, and reasons.

Figure 15: AMBER Scorecard during flight trials campaign

7.2.7 Data measurement
Because demonstration activities need to provide factual data to show the results and benefits of the
exercise, it is important to decide from an early stage on how data will be captured, and which data will
be used to compare conventional approaches to RNP approaches.
The first consideration is whether to use aircraft systems automatically recorded data or manual data
reports by pilots. To facilitate the decision it’s required to learn what data is the aircraft able to record
and if the data are available to be downloaded for post-flight analysis. Essential data such as position,
speed, altitude, fuel burn should be available to allow making an analysis of the results.
Processing and re-computation of available data allowed to:
- Determine the “equivalent FIR entry” of conventional arrivals, to be compared to the FIR entry
points used by the AMBER arrivals;
- Calculate the level off cumulated times and distances (time spend in level flight in excess of
30s);
- Calculate the cumulated wind effect, and air/ground distance flown during the approach.
Also analysis by separate tools, such as V-PAT, may allow to process the radar exported track, and
make an independent, cross-checkable assessment of the vertical profile, in addition to aircraft
downloads.

7.2.8 Communication
Communication about the project is important to promote the concept of aviation modernization, and
aviation innovations for environmental benefits and sustainability.
Communication should both target the aviation community, and the general public.
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In the case of AMBER, several communications activities have been carried out, included press
releases, media events, Internet links, and a promotion video explaining the AMBER project for the
general public. This video explains in generic terms how it was possible to implement shorter tracks for
arrival to Riga, how the project was conducted, what were the main positive results, and how the public
(passengers and neighbouring communities) will benefit from this technology.
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7.3 Next steps
7.3.1 Steps following AMBER project in Riga/Latvia
The possible next steps for a wider implementation of the AMBER trials in Riga are:
For Air Baltic:
- To have a wider fleet of aircraft qualified for RNP AR operations (both turboprops and jets);
- To submit a request for RNP AR approval, in order to be able to operate the approaches with
less restrictive weather conditions and capitalize on AMBER benefits regularly.
For LGS:
- To capitalize on the experience gained during the AMBER project, and implement RNP traffic
regulation during more busy time slots, and involving more RNP traffic at the same time.
For Latvia and specifically Riga airspace and operators:
- To develop RNP approaches to RWY 36, and possibly tailored RNP departures;
- Publish the procedures in the Latvian AIP, and target a wider use of the procedures by other
operators.

7.3.2 Other similar projects in Europe
Similar projects to promote new technologies and demonstrate the benefits for the environment and
sustainability of the aviation industry could be considered in other countries having no or little
experience. Further technological improvements could be studied where applicable and economically
feasible, e.g. RNP to ILS applications.
The AMBER project has shown that even for a country not having PBN experience, it is possible to
implement a successful PBN project, having clear and quantified positive outcome for the airline, for
the communities and for the environment, in a rather short period of time. This experience has also
helped to build experience and confidence in this new technology and will certain play a positive role in
preparing other steps of PBN implementation in Latvia in the future.
Guidance and possibilities provided by experienced and resourceful supporting organisations, such as
SESAR JU in the case of AMBER project, are essential for success in such cases, especially if the
country in question is rather small airspace-wise. Additionally an introduction of pan-European agency
has played a role to make the involved parties more open for even closer cooperation, as a clear
common goal is provided.
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LGS AMBER Project Closing Report
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V-PAT Analysis Report

On the following 17 pages is included the AMBER project V-PATH Report on Continuous Descent
Operations at Riga Airport.
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