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Safetyinvestigations

The BEA is the French Civil Aviation Safety Investigation Authority. Its investigations
are conducted with the sole objective of improving aviation safety and are not
intended to apportion blame or liabilities.

BEA investigations aredependent, separate and conducted without prejudice to any
judicial or administrative action that may be taken to determine blame or liability.
SPECIAL FOREWORD TO ENGLISH EDITION

This is a courtesy translation by the BEA of the Final Report on the
Sakty Investigation.

As accurate as the translation may be, the original text in French is the work
of reference.
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Synopsis

Time Around 11:460

Operator Airhub Airlines (Maltese operatcr)

Type of flight Scheduled passenger commercialtadmsport

Persons on board Captain (PF), epilot (PM), 4 cabin crew, 172 passengers
Consequences and damage None

Transmission of incorrect altimeter setting (QNH) by air traffic
service near-collision with ground during satellite approach
procedure with barometric vertical guidance

The crew of the Airbus A320 registered -BIMU were carrying out scheduled flight NSzZ4311
between Stockholm Arlanda airport (Sweden) and P@tiarles de Gaulle airport (Franc®)ork

was being carried out on th&S for runway 27R at CDG, so the crew carried out a satellite
approach with barometric vertical guidan¢@NP APCtown to LNAV/VNAV minima

During the approach, in a rain shower which severely impaired visibility, the crew were given an
incorrect altmeter setting (QNH) byhe air traffic servicewith a difference of 1Pa (1011 hPa
instead of 1001).

An error in the altimeter setting will mean that the aeroplane's actual altitude does not
correspond to the altitude displayed-or approaches with barometric vertical guidance, the

vertical profile and the associated vertical guidance #mes affected. Using a QNH value 10 hPa

higher than theactualvalue resulted in the approach being flown on a vertical profile that was
paralkel to but around 280 ft (85 m) below the published vertical profile.

The design othe IFR proceduress basedon normal operations and thudoes not take into
accountan incorrect altimeter settingThe crews' operating procedures and those of the air
traffic controllers did not prevent the use of an incorrect altimeter settiAgrthermore, neither

the aeroplane's instruments nor the air traffic controller's tools were designed to detect this type
of error.

At low height, a ground proximity warning (M$¥) was triggered in the control towefSeveral
seconds later, the air traffic controller informete crewof the situation usingan incorrect and
inappropriate phraseology. The crew did not hear this announcement and continued
their descent.

After reaching the indicated altitude corresponding to the chosen minima, the ccawied out a
go-around because they had not acquired the visual references needed to continue the landing.
During the manoeuvre, the minimum recorded and corrected realtometer heidit was 6 ft, i.e.
about 2 m, when the aeroplane wabout 0.9 NM from the runway threshold, outside the limits

1 Except where otherwise indicated, the times in this report are in Coordinated Universal Time (UTC). Two
hours should be added to obtain the legal time applicable in Metropolitan France on the day of the event.

2 The aeroplane was operated under a wet leasgreement (or Aircraft Crew Maintenance and
Insuranceg(ACMI) leasing agreement) between Norwegian Air Sweden (lessee) and Airhub Airlines (lessor).
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of ParisCharles de Gaulle airportAs per design, there was no -twoard ground proximity

alert (TAWS) during the event. In thedtatements, the crew indicated that they had not been
aware of this proximity with the ground.

The second approach was also carried out with the same incorrect QNH. This time, the crew
acquired visual contact with the groundt a height of more than 60&. The PF corrected the
flight path and landed without further incident.

The BEA has issued twelve safety recommendations, six safety recommendatomsssued
when the preliminary report was published on 11 July 2022and six additional safety
recommendations accompany the publication of this report. These latter
recommendationsoncern:

- the overall reassessment of the Controlled Flight Into Terrain (CFIT) risk and the
associated mitigation measures in relation to the threat of an incorrect altimeter setting
for baro-VNAV approacbperations

- maintaining the safety level of approach operat®om Europen 203Q in connectionwith
the Commission Implementing Regulation (EU) 2018/1048 of 18 July 2018 laying down
airspace usage requirements amperating procedures concerning performanbased
navigationknown asthe dRPBI regulation;

- ground systems for detecting an incorrect altimeter setting;

- onboard Terrain Awareness Warning Systems (TAWS);

- air traffic cantroller training in response to BISAWalert;

- the DSNA safety management system.
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Glossary
Abbreviation English version
AAL Above Aerodrome Level
ABAS AircraftBased Augmentation System
ACARS Aircraft Communication Addressing and Reporting Sys
ACCREP Accredited Representative
ACO Auto-callouts
ADI Aerodrome Control Instrument
ADIRU Air Data Inertial Reference Unit
ADSB Automatic Dependent SurveillanceBroadcast
AIP Aeronautical Information Publication
ALTSM Altimeter setting monitor
AMC AcceptableMeansof Compliance
AP Auto-Pilot
APCH Approach
APM Approach Path Monitor
APS Approach Control Surveillance
APV Approach Procedure with Vertical guidance
ATC Air Traffic Control
ATIS Automatic Terminal Information Service
ATM Air Traffic Management
ATPL Airlines Transport Pilot Licence
BAAI Bureau of Air Accident Investigation of Malta
BaroVNAV Barometric Vertical Navigation
BEA French Civil AviatioBafety Investigation Authority
BKN Broken
BOREAL Operational lighting with status and alarm feedback
BPS Barometric Pressure Setting
CAMBTA CorrectedAltitude Monitor Below Transition Altitude
Cb Cumulonimbus
CBT Computer Based Training
CDFA ContinuousDescentHnal Approach
CDG Charles de Gaulle
CFIT Controlled Flight Into Terrain
CLS Local safety committee
CPL Commercial Pilot Licence
CRM CrewResourcéeManagement
CVR Cockpit Voice Recorder
CVsS Combined Vision System
DA/H Decision Altitude/Height
DAP Downlink Aircraft Parameters
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Abbreviation English version
DAR Direct Access Recorder
D-ATIS Data linkAutomatic Terminal Information Service
DECOR Données environnement contrdle pour Orly et Roiss
DGAC French Civil Aviation Authority
DME Distance Measuring Equipment
DSAC Civil Aviation Safety Directorate
DSNA Air Navigation Services Directorate
DSNA/DO Operations Directorate
DSNA/DSEC Safety Directorate
DSNA/DTI Technical and Innovation Department
EASA European Union AviatioSafety Agency
EC European Commission
ECAC European Civil Aviation Conference
EFB Electronic Flight Bag
EFIS Electronic Flight Instruments System
EFVS EnhancedHight Vision System
EGNOS European Geostationary Navigation Overlay Servict
EGPWS Enhanced Ground Proximity Warning System
EHS Enhanced Surveillance Mode S
EIS ElectronicinstrumentsSystem
ENAC French National Civil Aviation School
EPAS European Plan for Aviation Safety
ETSO European Technical Standards Order
FAA FederalAviation Administration
FAF Final Approach Fix
FCOM Flight Crew Operating Manual
FCU Flight Control Unit
FD Flight Director
FDM Flight Data Monitoring
FDP Final Descent Point
FDR Flight Data Recorder
FL Flight Level
FLS FMS Landing System
FLTA ForwardLookingTerrain Avoidance
FMA Flight Modes Annunciator
FMGS FlightManagement andsuidanceSystem
FMS Flight Management System
FNE Event Notification Sheet
FPA Flight Path Angle
FSAU Abnormal and Emergency Situatioraihing
FSTD Flight Simulation Training Device
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Abbreviation

English version

FWC Flight Warning Computer
GBAS GroundBased Augmentation System
GLS GBAS Landing System
GM Guidance Material
GMS Ground MovemenSurveillance
GNSS GlobalNavigationSatellite System
GPS GlobalPositioning System
HBN doud base height
HF Human Factors
IAF Initial Approach Fix
IAS Indicated Air Speed
IATA International Air Transport Association
ICAO International Civil Aviation Organization
ICNA French & traffic controller
IFR Instrument Flight Rules
ILS Instrument Landing System
IMC Instrument Meteorological Conditions
IMS Integrated Management System
INI controller Initial approach controller
IRBA French Army Biomedical Research Institute
ISIS Integrated Standbynstrument System
ITES Significant EverstHandling Body
ITM controller Intermediate approach controller
LC Line Check
LNAV Lateral Navigation
LOC Localizer
LOSA Line Operations Safety Audit
LPC Licence Proficiency Check
LPV LocalizePerformance withVertical guidance
LVP Low Visibility Procedure
MAPt MissedApproachPoint
MDA/H Minimum Descent Altitude/Height
MEL Minimum Equipment List
METAR MeteorologicalAerodrome Rport
MLS Microwave Landing System
MMR Multi Mode Receiver
MOPS Minimum Operational Performance Standard
MSAW Minimum Safe Altitude Warning
NALS No ApproachLighting System
ND Navigation Display
NDB Non-Directional Beacons
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Abbreviation English version
NES Notification of a Significant Event
NOTAM NOtice To AirMen
NOZ Normal OperatingZone
NPA Non-PrecisionApproach
NPA Notice ofProposedAmendment
NTSB National Transportation Safety Board
NTZ Non-TransgressiorZone
OoCC Operator Conversion Course
OCH ObstacledearanceHeight
OJTI On the Job Traininfpstructor
OM Operating Manual
OPC Operator Proficiency Check
PA Precision Approach
PANSATM Procedures for .Air Navigation Servicesir
TrafficManagement
PANSOPS Procedures for Air Navigation Servicesircraft Cperations
PAPI PrecisionApproachPath Indicator
PBN Performance Based Navigation
PC Controller fully qualified
PDA PrematureDescentAlert
PdD Descent Path
PF Pilot Flying
PFD Primary Flight Display
PIC Pilot In Command
PM Pilot Monitoring
RA RadioAltimeter
RAD Aerodrome Radar Control
RNAV Area Navigation
RNP Required Navigation Performance
RTCA Radio Technical Commission for Aeronautics
RVR Runway Visual Range
RVSM Reduced Vertical Separation Minima
SBAS SatelliteBasedAugmentationSystem
SCT Scattered
SD System Display
SDF Sted Down Fix
SHRA Shower Rain
SIA FrenchAeronautical Information Service
SIL Service Information Letter
SLS SBAS Landing System
SOP Standard Operating Procedure
SPP StandardPractices and Procedures
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Abbreviation English version
STC Supplemental Type Certificate
STCA Short Term Conflict Alert
STD Standard
TAWS TerrainAwareness andWarning System
TCF Terrain Clearance Floor
TDZ Touch Down Zone
TEM Threat and Error Management
TLB Technical Log Book
TMA TerminalManoeuvringArea
TOGA TakeOff GeAround
TR Type Rating
TWR Tower
UCS Unit Competence Scheme
uTC Universal Time Coordinated
UTP Unit Training Plan
VD Vertical Display
VMC Visual Meteorological Conditions
VNAV Vertical Navigation
VOR VHF Omnidirectional Range
VSD Vertical Situation Display
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Organisation of the investigation

The serious incident occurred on 23 May 2022 at around 13:40 local time. An occurrence
notification form was completed the same day by the tower controller. The following day, the
ParisCharles de Gaulle control unitotified the French authorities, includg the BEAof a
significant occurrencenamely thenear-collision with the ground

Based on the initial factual information gathered, the BEA opened a safety investigation into this
incident. In accordance with Annex 13 to the Convention on Internatid@ivil Aviation and
Regulation (EU) No 996/2010 concerning the investigation and prevention of accidents and
incidents in civil aviation, the BEA informed on 25 May 2022, the following stakeholders of the
opening of the safety investigation:
- the Malteseinvestigation authority, the Bureau of Air Accident Investigation (BAAI), as
State of Registry and State of the Operator of the aeroplane;
- Airbus, the aeroplane manufacturer;
- the French air navigation service provider (DSNA) of the French Civil Aviation
Authority (DGAC);
- the French civil aviation safety directorate (DSAC) of the DGAC,;
- the European Union Aviation Safety Agency (EASA);
- the International Civil Aviation Organization (ICAO).

The BAAI appointed an accredited representative accompanied by tadhaudvisers from the air
operator, Airhub Airlines.

From 24 May to 31 May, the investigation team consolidated the initial information which had
been obtained with additional information from flight data and statements from the crew and air
traffic controllers.

The event was reclassified as a "serious incident" on 31 May 2022 due to the proven proximity
with the ground (neaicollision), with no external visual referergeand no situational awareness
on the part of both pilots and controllers.

A preliminary reportwas published on 11 July 2022 by the BEA:
- given the seriousness of the occurrenc
- to urgently recommend that those on the front line in this serious incident implement
immediate safety measures
- toraise collective awareness of the CFIT risk caused by an incorrect altimeter setting;
- to encourage the various institutional stakeholdeto initiate the appropriate studies and
define associatedafetyactions.

9x safety recommendationg/ere issuedto the air navigation services at Paftharles de Gaulle
airport and to the air operator, Airhub Airlines.

Four working groupswere then set up to identify and gathehe information required for the
investigation inthe following areas: flighbperations, air traffic management (ATM), -board
and ground systems, and performanbased navigation (PBN).
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The following entities were also approached during the investigation:

the United States investigation authority, the National Transportationfetya
Board(NTSB), which appointed an accredited representative accompanied by technical
advisers from the TAWS manufacturer, Honeywigim Boeing androm the American
civil aviation authority, which is also in charge of air navigation, the Federatidkvia
Administration (FAA);

the European Commission (EC)

Eurocontrol;

Météo France (French met office);

the International Air Transport Association (IATA);

the French Armed Forces Biomedical Research Institute (IRBA);

the equipment manufacturer Aviatio@ommunication & Surveillance Systems (ACSS).

The draft final report was submitted for consultation to the accredited representatives and
their advisers, in accordance with article 6.3 IGFFAOAnnex 13. It was also sent to the
European Commission, EASAABSDSNA, ICAO, Eurocontrol, Airbus and Météo France.
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1 FACTUAL INFORMATION

1.1 History of the flight
Note: the following information is based on ragiommunication recordings, radar data, DAR
RIGILE 1a ¢S¢tf¢ a4 GKS ONX g Qadath waRnotp2eyeitvete f £ SNE Q &

The crew of the Airbus A320, performing flight NSZ4311 (call sign Red Nose 4311), took off on 23
May at around 09:30 from Stockholm Arlanda airport (Sweden) bound for-Bheasles de Gaulle
airport (CDG)The captain was thPF, the cepilot was the PM.

Before the descent, the flight crew prepared for a satellite approach procedure with barometric
vertical guidance, in this case a RNP APCH operation down to LNAV/VNAV minima, to runway 27R
at CDG because the ILS was out o¥ieer The meteorological information indicated in the ATIS Q
(Automatic Terminal Information Service) used by the flight crew to prepare the approach was
the following:
Transition level 70, wind 280/10 kt, visibility 10 km, broken clouds at 1,500 ft,
temperature19°C, dew point 14°C, QNH 1001 hPa.

The crew indicated in their statements that they remained in clouds, without visual references,
for all of the approach. They experienced moderate turbulence and flew through heavy rain,
which led them touse the windshield wipers at high speed.

1.1.1 Transmission of incorrect altimeter setting (QNH) to crew by the intermediate
approach (ITM) controller
At 11:32:24, when the aeroplane was on approach to CDG, the intermediate controller cleared
the crew to descendd 6,000 ft and gave them an incorrect QNH value of 1011 hPa instead
of 1001 hPa in force at the tif¥ RetiNose4d31mM RSaAOSYR 00 dfeeRSADSY R X
Thet a NBXFR o6l O1 U 800fed101LINE JARS R YNose4B311.£

At 11:34:28, she cleared the crew to descend to 5,000 ft, repeating the incorrect QNH, and

Of SINAY3A GKSY T2 NRedNés& 3 Wbdescehd. 5,00@et DA © cledred full

RNP 27righté ¢ KS ta NBFR o0l 01 GKS WIITReNdnd 5 00D jeetl y R
QNH1011 cleared full NP approach Z right RedNose4 31 1.¢

At 11:35:37, the ITM controller cleared an easyJet crew to descend to 5,000 ft and gave them the

al YS Ay 02 NBKGMikeAlpHa irect Pap&olf 6501 X | YR RSBIDIYR p=nn
cleared RNP approach72ighté ¢ KS Sl a&dwSid ONBg¢ RAR y2i O2NNBC
they read back the valid QNH of 1081t | Ditectéto PapaGolf 650 descend 5,000 QNH100 1

Easy 7 5 Victor Alpbea ¢ Ks\nat pigkled up by the controller.

3 The meteorological conditions indicated in the ATIS S in force were: wind 280°/9 kt, visibility 10 km,
scattered clouds at 1,600 ft, broken clouds at 2,800 ft, few CB 5,000 ft, temperature 18°C, dew point 15°C,
QNH 1001 hPa.
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At 11:36:04, the ITM controller cleared in French, an Air France crew to descend to 5,000 ft with
the correct QNH 1001 hPaAir France trentecing Alpha Juliette bonjour descendez cing mille
pieds mille un et guidage R P vingtsept droiteb &he Air France crew correctly read back the

message along with the QNH 1001. The correct QNH was then transmitted in Etvgdisither
times while NSZ4311 was still on the frequency.

At 11:36:55, the crew of flight NSZ4311 readhthe Final Approach Fix (FAF) at an indicated
altitude of 4,889t QNH1011 (4,623t QNH1001) at around 14.8IM from the runway threshold.

The Indicated AirSpeed (IAS) was 185 kt and the aeroplane was in configuration CONF 2.
TheFINAL APP mode was eggd.

Around one minute later, the ITM controller instructed the flight crew to contact the north tower
(N TWR) air traffic controller.

NOTEdue to the incorrect altimeter setting, the altitude value displayed on the aeroplane instruments was
around 2® ft higher thanthe actual altitude of the aeroplane. The crew thus carried out the approach on a
vertical profile around 280 ft below the published and expected vertical profile without being aware of this.

1.1.2 Near-collision with ground
At11:38:09,the 8¢ O2y il OGSR GKS b ¢ 2Bonjd2REAMISRIBIISON 6 K2 NJ
are number 1 wind B0 degrees 1&nots runway 2 right cleared to land The crew correctly
read back the clearance.

At 11:38:44, at a height of 2,500 ft, and as per design, the Raldimeter (RA) values were
displayed on the Primary Flight Displays (PFD).

At 11:40:49, at an indicated altitude of 1,395 ft QNH 1011 (1,123 ft QNH 1001, 837 ft RA),
corresponding to thestabilization altitude for the crew (1,000 ft above aerodrome), and
at 3.1NM from the runway threshold, the aeroplane was configured for landing (CONF FULL) with
anlAS of 139 kt corresponding to the target approach speed without the engine thrust centrol
being set to IDLE&Nd with a vertical speed 6738 ft/min.

NOTEt aA RS FNRY GKS FIOG GKFG GKS FTSNRLIXFYySQa FftA
the approach could be considered as stabilized.

At 11:41:32, the ground Minimum Safe Altte Warning (MSAW) was triggered (sEmgurel,
Point ) in the airtraffic control systems. The aeroplane was at an indicated altitude of 919 ft
QNH 1011 (645 ft QNHDQ1, 239 ft RA), at 1.5 NM from the runway threshold.

At 11:41:41, at 1.2 NM from the runway threshold, and with a vertical speed@1f ft/min, the
aeroplane flew through the indicated altitude ofi8 ft QNH 1011 (537 ft QNH 1001, 122 ft RA),
which corespondedapproximatelyto the Decision Altitude (DAYor the crew (Point ). The
crew indicated in their statements that they initiated a-goound at the minima as they had not
acquired external visual references.

4¢ KS 2 LISNI (2 Népect a2 NAV/BRAV appriodchedNwas to add 50 ft to the published minima.
Therefore, according to the NavBlue chart used by the crew, their DA was 802 ft (752 ft + 50 ft).
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At the same time, i.e. roughly nineconds after the MSAW was triggered, the N TWR controller
g1 NY SR (i R&NoSXI14 Y jush had a ground proximity alert are you okay do you see

the runway? 6t 2)ATHhé crew indicated in their statements that they did not hear this
radio-commurication.

At 11:41:47, when the controller had finished his message and the aeroplane was at an indicated
altitude of 735ft QNH1011 (461ft QNH1001, 52ft RA) and at NM from the runway threshold,

the auto-pilot (AP) was disengaged and the captain made afupsi@put on the ministick almost

to full deflection (Point ).

Three seconds later, at 11:41:50, at an indicated altitude of f6T@NH1011 (405t QNH1001),

the minimum recorded and corrected radatimeter heightwas 6ft when the aeroplane was
about0.9ba FNRY GKS NMzygl & GKNBaK2ftR®d ¢KS | SNRLX |y
noseup. At the same time, the captain moved the thrust levers forward into the TOGA detent

(Point ).

No Terrain Awareness and Warning System (TAWS) alert was rdaudeg the approach.

The two pilots indicated in their statements that theply heard theradic-altimeter auto-callouts
at 2,500 ft and 1,000 ft.

At 11:42:02, the flight crew reported to the controller that they were going around (Point

The latteNJ NBLWABRNI ¥ wWSR b2asS n o M wm Gdz2Ny NRIKIG
altitude 5000feet 1001d¢ ¢ KS ONBg NBFIR oF O] dzaAy3a GKS LI
theN-¢c 2 w O2y G4 NRBf t SNI3RAD RN glitnk 5003keOdn 1aizllIReddoses 3 1 1¢

(Point ).

During these exchanges, the controllers on duty in the tower could still not see the aeroplane.
After a few seconds, they saw it coming out of the clouds, at low height, with a pitch up attitude.

At 11:42:05, the AP was +ngaged at an idicated altitude of 1,203t
QNH1011(930ft QNH1001, 593t RA) and at 0.BIM from the runway threshold.

At the same time, and while the N TWR controller was transmitting the message to the flight
crew, the S TWR assistant in the south towadvised the N TWR assistant that they had not
switched on the approach lights of runway 27R.

At 11:42:27, the N TWR controller switched on the approach lights. Following the MSAW and the
omission of switching on the approach lights, the N TWR contrelbs replaced by his N TWR
assistant and a new N TWR assistant took over.

5 At the time of the incident and in accordance with CDG procedures, each set dfeghavaways (north

and south) was managed by a pair of controllers: a Ta@Rtroller and a TWRassistant. The pair of
controllers responsible for the north runways was situated in the north tower, the pair in charge of the
south runways was situated in ¢hsouth tower.
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Captain’s nose-up inputs

1600 A
e Crew read back
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1400 Controller’'s MSAW message to crew QNH 1011
1200 - MSAW alert
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Figurel: vertical profile of first approach, flight path calculated using recorded flight parameters
(source: BEA)

Crew report go-around to controller.
Controller clears crew
to climb to 5,000 ft, QNH 1001

800 A
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BEA

11:41:41
Altitude (QNH 1001) = 537 ft
Radio altitude = 122 ft
Passing of decision altitude on PFD of 802 ft (QNH 1011)
Controller’s MSAW message to crew
11:42:15 “Red Nose 4 3 1 1 | just had a ground proximity alert
Altitude (QNH 1001) = 1,443 ft are you okay? do you see the runway?”
Radio altitude = 1,050 ft
Crew read back climbing to 5,000 ft, QNH 1011

11:41:50
Altitude (QNH 1001) = 405 ft
Radio altitude = 6 ft

11:41:32
Altitude (QNH 1001) = 645 ft
Radio altitude = 239 ft

11:42:02 MSAW alert

Altitude (QNH 1001) = 778 ft
Radio altitude = 378 ft . 11:41:47
Crew report go-around to controller. \ Altitude (QNH 1001) = 461 ft
{ Controller clears crew to climb to 5,000 ft, QNH 1001 \ Radio altitude = 52 ft

5 : = \\ Captain’s nose-up inputs
r o S AN
7 Sttt ey % Wind 260°, 12 kt
; i I I..‘ - --: o= 7.‘_7' “.

Map source: IGN Wind info provided by
controller during landing clearance

s Flight path of 9H-EMU based on GPS averaged data downloaded from DAR

Times are in UTC time B E A'

Figure2: horizontal profile of first approach (source: BEA)

1.1.3 Second approach

At 11:44:42 and after givinthem several radar headings, the N TWR controller instructed the
crew to contact the Arrival (ITM controller) for the second apptoathe aeroplane was on the
downwind leg for runway 27R. Around 15 s later, the ITM controller indicated to the flight crew to
expect RNP 27R.

At 11:49:09 after managinga conflict between flight NSZ4311 and another aeroplane which had
triggered a ShorfTerm Conflict Alert (STCA) and required the use of the associated emergency
phraseology, the ITM controller cleared the crew to carry out a second RNP approach for
runway27R.

At 11:53:40, the N TWR controller cleared the crew to land. The crew reababksand asked if
the approach lights were on, which the controller confirmed was the case.

NOTEthe aeroplane was still flying with an incorrect altimeter setting. Neither the crew nor the
air traffic controllers were aware of this incorrect QNH whiclceoagain put the aeroplane on a
vertical profile which was around 280 ft below the published vertical profile.
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Although below the published nominal vertical profile, the approach carried out in FINAL APP
Y2RS gFa 2y0S 3 Ay d&dadelogahd wasd cBriiguredfar Mhdingv@ith ahNBS 6 @
approach speed of 140 kt and the AP engaged.

At 11:55:43, there was a new MSAW alert ($egure3, Point ). The aeroplane was, this time,
at an indicated altitude of 1,403 ft QNH 1011 (1,131 ft QNH 1001, 842 ft RA), at 3.1 NM from the
runway threshold.

Four seconds later, the N TWdantroller (who was in the N TWR assistant position for the first
approach) warned the crew of the MSAW ala@iRedNose431m L Q@S 2dzad 3240 | oo
areyouokay? ot 2)A Y

The crew indicated in their statements that they did not undarst the reason for this message.
¢KS ta NS MWESBRERILwé are well established on path and we have visual®éw

At 11:56:00, at an indicated altitude of 1,287QNH1011 (954ft QNH1001, 60Zt RA) and

at 2.6 NM from the runway thresholdthe PF made a nosep input on his ministick (Point ).
Simultaneously, the AP disconnected. The Flight Directors (FD) were switched off eight
seconddater.

The crew indicated in their statements that this time they had acquired the visual references wel
above the minima.

The PF corrected the flight path and landed without further incident at 11:57:14.

Altitude [ft]
&

1800

MSAW alert

1600 A

Controller’'s MSAW message to crew

Captain corrects flight path

1200 ~

1000 q sarometric altitude of aeroplane Altitude displayed to crew
corrected with radio altimeter height (corrected QNH = 1011 hPa) [ft]
(corrected QNH = 1001 hPa) [ft]
800 A1
Decision altitude - 802 ft \‘\\\\\\\
600 + .
.. Vertical profile (3}
\_\
N Runway 27R

400

200

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0

Distance to threshold [NM]

Figure3: vertical profile of second approach, flight path calculated using recorded flight
parameters (source: BEA)
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BEA

1.2 Injuries to persons
Not applicable.

1.3 Damage to aircraft
Not applicable.

1.4 Other damage
Not applicable.

1.5 Personnel information

1.5.1 Flight Crew
Licence, rating, training and checks

Captain

Copilot

Age, nationality

Aged 37, Lithuanian

Aged 42, Spanish

Type of licence and date of issue

ATPL(A) 23 November 20]

CPL(A) 13 October 2008

First Type Rating (TR) on A3
obtained on

23 November 2015

2018

A320 TR valid until

31 December 2022

28 February 2023

Class 1 medical fitness certificate va
until

23 March 2023

10 December 2022

English language skill level and date ICAO Level 5 ICAO Level 6
validity 24 February 2024 Valid
Last two Operator Proficiency Chec 4 April 2022 14 March 2022

(OPC)

27 October 2021

26 August 2021

LicenceProficiency Check (LPC) whi
can be combined with the OPC

27 October 2021

27 February 2022

Last Line Check (LC)

5 December 2021

1 September 2021

Last ground training 13 March 2022 6 June 2022
Declared experience

Captain Corpilot
Total experience/apilot in command 5,878 /2,529 2,221/ 481
(Flight Hours (FH))
Total on A320/aspilot in command 5,878 /2,529 947 /0
(FH)
Previous three months (FH) 143 h 58 min 95 h 38 min
Previous 30 days (FH) 62 h 39 min 48 h 04 min
Previous 7 days (FH) 19 h 06 min 19 h 06 min
Previous 72 hours (FH) 16 h 23 min 16 h 23 min
Previous 24 hours (FH) 04 h 20 min 04 h 20 min
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Roster
The day of the serious incident corresponded to the last day dhrae-day programmed

sequence of flights for the captain anide co-pilot. Prior to this, the cepilot had been off duty
since 5 May 2022 and the captain since 3 May 2022.

Date Legs (IATAaxes) Start.of ﬂ.' ght Flight time
service time
Before 20 May Rest N/A N/A
ARN CTA 3 h 40 min
21 May CTA ARN 04:30 3'h 39 min
ARN BUD 2 h 07 min
22 May BUD ARN 04:20 2 h 13 min
ARN HEL 0 h 52 min
HEL ARN 1 h 00 min
23 May ARN CDG 03:50 2h 52 min
CDG ARN Flight post
incident
TOTAL N/A N/A 16 h 23 min

No deviations were identified fronthe flight time and rest period rules applicable tommercial
air transport operatorsbased on theprovisions ofcommission regulation (EU) No 965/2012
0ly2g¢y I a amdlitdamendnefitdying down technical requirements and administrative
procedures related to air operations

The sleep deficit possibly accumulated by the succession of three early statte inlays
preceding the incident, and to a lesser extent, the sequence of three flights on the day of the
incident, may have contributed to a possible state of light or moderate fatigue in the crew,
without them being aware of it.

1.5.1.1 Captain

Professional expaence

The captain carried out his initial training in 2011. He was then recruitedn air operator

in 2013 as cepilot on the A320. He was appointed captain in 2018. He joined Airhub Airlines

iNnh QG 20SNJ HAHM I a OF LIl Ay® | S employees yagidiihadzay S 2 F
freelancecontract.

Statement

The captairhad decided to be the PF for the flight to CDG, a destination he was used to flying to.
He had not felt tired on this flight. The forecast weather conditions indicated storms on arrival. He
therefore decided to take extra fuel epoard. The flight was uneventful. Communication with the
co-pilot was good, he had already flown with him and he considered that the Crew Resource
Management (CRM) was satisfactory.

In cruise, just before starting theescent, both he and the epilot had consulted the ATIS
information in turn and had noted the information on a piece of paper. They then compared their
data and calculated the landing performances using the Electronic Flight Bag (EFB).
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They started theapproach briefing and reviewed the Flight Management and Guidance
System(FMGS)nputs in preparation for a landing on runway 26L or 27R. The threats identified
were the bad weather and the heavy traffic at CDG. He specified that the operating manual had
an additional checkist to be carried out during the briefing for RNP approaches, including
checking GPS accuracy at level 100, altitude/distance @tossks at the various final approach

points and increasing minima by 50 ft. He considered that thistewhdil RNP briefing had been
carried out satisfactorily as they were used to doing it. They then started the descent.

At the first altitude clearance td,000 ft, the air traffic controller gave them the QNH. He
remembered that the cepilot read back theQNH and that the controller did not correct him. He
thought that if the controller had heard an incorrect reddck, he would have reacted. The
captain therefore thought that the QNH provided was correct and entered it in the FCU. He then
checked with theco-pilot that the altimeters were consistent. He thought that he was only given
the QNH value once before the goound. He also indicated that he tended to trust the controller
when the latter provided a QNH, particularly as their information was mooeme than that of
GKS ONBgQa ¢gK2 KIFEIR GKS !'¢L{ vbl ®

He remembered a certain confusion in the frequency changes with the ATC. They were then
cleared to descend to 5,000 ft and to continue to the Initial Approach Fix (IAF). This was followed
by a clearancefor the RNP approach. The weather conditions were bad, the weather radar

wasON and he could see storm cells on the radar. Nevertheless, the approach
proceedednormally.

During the final approach, the egilot (PM) crosshecked that the altitudeslistane were
consistent every nautical mile and each time, they were on the slope. The FMGS displayed
the PROGRESS page. The approach was stabilised. They were continuously in the clouds without
visual references.

He indicated that on this aeroplane, there amo RA auteOl f f 2 dzi & al  b5w95
anddalLblLa! ¢ FyR GKIFIG A0 A& GKdza (GKS ta K2 YIS
auto-callouts at 2,500 ft and 1,000 ft but not the other calls. In particular, he could not remember
KFE@Ay3a KSIFNR kS aypRn ¢ dalloost ié dadi@itenl that without external

visual references and at the minima, if he had heard this sequence, he would have immediately
carried out a gearound. Neither could he remember a message from the controller about a
terrain proximity alert. He indicated that they both used the Airbus standard audio headsets.

They did not have sight of the ground during the approach. The rain was heavy and the windshield
wipers were at maximum speed. At the minima and still not having sighteofjtbund, he called

2 dziGo Around flapg ¢ KSlot iBférmed air traffic control of the gearound. During the go

around, another pilot indicated over the frequency that the approach lights were extinguished.
The controller replied that it was an erron their part.

During the gearound, they were given heading 360° and cleared to climb to 5,000 ft. From what
he could remember, the QNH was not mentioned at this time and the controller did not ask them
why they hadcarried out a gearound.
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They thencontacted the approach controller. He made a passenger announcement advising that
they had carried out a garound due to the bad weather. He temporarily transferred the controls
to the copilot, updated the FMGS and carried out a quick briefing. They wee cleared for

the IAF still at 5,000 ft. The second approach proceeded as for the first one, with tpdoto
crosschecking the altitudedistances every nautical mile. The approach was once again stabilised.

Just before the minima, he saw the approach lights, the runway and the Precision Approach Path
Indicator (PAPI). From what he could remember, he éawhite, pink and two red lights. Maybe
three red lights, but not fou¢ He disengaged the AP and the FDs. It was still raining and the
windshield wipers were still at high speed. He corredi@dthe gusts and turbulence.

At practically the same time, the controller warned them of a terrain proximity alert and asked
them if all was well. The cpilot replied that they could see the runway and that they were going
to land normally.

The controller made no further mention of anything else, nor did he indicate that anything had
gone wrong. They thought that there might have bea technical problem in the tower. They
then contacted the ground and taxied to the parking area. For him, the operations were normal.
They then prepared the aeroplane for a return flight to Stockholm. The flight to Stockholm
proceeded without incident.

Two days after the landing at CDG, the chief pilot called to inform him that the French authorities
had opened an investigation due to the low altitude alert reported by the control servittethe

time, he did not understand why, as for him it was aneuentful flight apart from the garound

at the minima which was a normal operation.

1.5.1.2 Copilot

Professional experience

The copilot started flying on light aeroplanes in 2008. He was an instructor on the Cessna C172.
He worked as a calibration engineer 102010 to 2018; during this time he also assessed RNP
approachoperations

He started hiscareer as an airline transport pilot in 201&nd flew brieflyon the Boeing737. He

then obtained an A320 ratingnd wasemployed by a European operator until 2018 didnot fly

for several months because of the COMMD pandemicand then joined GetJet Airlines in

July2021 and followed a supplementary module to allow him to fly with Airhub Airliimes
September 2021. The two air operatdnad nearly the same procedes. He was not one of the
2LISNF G2NRa SYLX 28SSa YR KFER I FNBStIFyOoS 02y iNY

Statement

They prepared the flight bound for CDG. The weather conditions had been updated, storms and
rain at destination were reported, windshear was not forecast. There veaparticular NOTAM

apart from the ILS not being available. They then checked performance and the minima in order
to carry out a RNP approach. They anticipated landing on runway 27R. By mutual agreement, they
had taken on extra fuel because of the weathenditions. They were ready at 08:55 but were
given a slot at 09:25 because of the storms. They were running late but did not feel under any
pressure. The flight was uneventful. He had not felt tired on this flight. It was the first time that
he had flown 6 CDG with this operatorHe had been there several times when working for
another operator.
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He was PMor the flight. In cruise, he consulted the FCOM and reviewed the RNP approaches.

Close toReims, he consulted the CDG Abl$found that the audioreception was not good. He
noted the information on the EFB and in his personal notebook.

He calculated the landing performance. They carried out the briefing with the additional diseck
for RNP approaches that he was used to reviewing. The RNP grggfecified adding 50 ft to the
minima. The threats identified were the storm activity, the busy frequency and the parallel
runways in specialised operation.

After their transfer to the Reims eroute control centre, the frequency became busy with a bt o
radar vectoring by the control services to avoid the storms. He added that at times, it was difficult
to hear the frequency and he had to ask for the initial approach segment twice. He considered
that the weather conditions were worse than forecast fbat day at Paris.

They were radar vectored and cleared to an altitude below the transition level, perhaps
to 6,000ft. He could not remember exactly whether the controller gave the QNH, but he read
back the clearance. He considered that if he had madeaatback error, the controller would
have called him back to correct him. When a controller gives him a QNH, he likes talceagsit

with hisATIS notes. On this occasion, he indicated that he did not have time to do it, probably
because of the workloadssociated with the weather conditions. He specified, however, that
the SOP do not require this check. In retrospect and after having listened to the-radio
communications of the incident at the BEA, he thought that he may have hesitated with respect
to the QNH value tbe used.

Shortly after being cleared for the RNP approach to runway 27R, they were transferred to the
tower. At 6,000 ft, they had no external visual references and were in heavy precipitation.

During the approach, herincipally looked at the FMGS, the approach charts on the EFB and the
instruments. He did not look outside. He perceived that everything was grey and that there
wasturbulence.

As PM, he crosshecked the altitudedistance every nautical mil&verythingwas consistent and
there were no faults, the system was performing correctly. There was no loss of signal and the
accuracy of the GPS remained between 0.3 and 1 NM in accordance with procedures.
Furthermore, the Vertical DEViation indicator DEV) was atero. He indicated that both he and

the captain were satisfied that the aeroplane was corre@owingthe vertical profile.

'S AYRAOFGSR ( MHuniredkaBoveQl ffvalSoiRe the dminimal Just before the

minima, he looked outside. He expectto see ground lights or the runway but they remained
gAGK2dzG SEGSNY It @A &dz t AfpddaESnyBiviiousha & (1 i KISK Srya yOYil
did not remember having received a call from the controller and specified that the workload was

high on @proaching the minima. He did not remember hearing the acétiouts except for those

at 2,500and 1,000ft.

¢CKS OFLIGFAY (Géafoun®fidpg SRy B dzil K&& LISNF2NYSR GKS
reconfiguredthe aeroplane, checked the ditide and the vertcal speed. He then informed the

tower that they were carrying out a garound. The controller gave them an altitude and heading
clearance which differed from the standard procedure that they had prepared for during the
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briefing. He indicated that this wastandard at CDG and that they expected to be radar vectored.
He did not remember that they had been givére QNH. He was concentrated on the speed and

altitude during the gearound. He checked the FMA aneconfiguredthe aeroplane. He specified
that they had a high workload and that everything accelerated.

They carried out level flight at 5,000 ft and were then given other radar vectors. Hdeey quick
briefing concerning the quantity of remaining fuel and the key points of the RNP approach
procedure for runway 27R. After checking the minima, the pilot activated the approach phase.
They went through the items of the FL 100 procedure again ared ahimeters showed no
difference. The coilot indicated that he checked that the ILS pushbuttons were actually in
the OFF position during the two approaches.

At 5,000 ft on the downwind leg, they were given interception headings and then started the
approach again. They had already carried out the approach chistkNext, they repeated the
same check sequencas for the first approach verification ofmode engagementon the FMA
verification of accuracy of GPS, altitude/distance crasscks every nautal mile, verification

that the VDEV was effectively centred on zero and verification that the speed was being
correctlyheld.

This time they exited the clouds well above the minima. They saw the runway and the
environment. They thought that during theecond approach someone asked if the approach
lights were lit.

They continued, they had the runway in sight. Just before the flare, the controller asked them if
all was well. He replied that they had visual contact and were going to land. He was surpegsed
had not understood why the controller asked them this questidhe controller continued by
informing them that they had had a terrain alert. He still did not understand and thought it was
because the captain had reduced speed or that there might Hasen a gust of wind or that
there had been a malfunction. They were both surprised by this terrain alert call. He added that
he did not know what the MSAWystemwas, YR G KI 0 (GKS 2LISNI G§2NDa&
mention it.

They landedand were transfered to the ground frequencyo taxi tothe terminal.

1.5.1.3 Workload of crew during approach

The final approach flown by the crew during the serious incident was carried out without any
external visual references, in rather heavy rain requiring the windshielémsipo be set to the
highest speed, and without the approach lights illuminated.

The final approach is a flight phase that usually generates a high mental workload, with a lot of
visual and auditory information to process, and decisions to be made urighrtime pressure.

In particularfor RNP operationsthere are numerousaltitude-distance crosshecks and calls
taking up mental resourced his was noted by the investigation team during the playbacks of the
serious incident on the flight simulator (sparagraphl.6.4).
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Here are a few examples of approaches carried out during the day with no external visual
references and/or in the rain, as well as with the windshield wipers in kégieed mode, to show
the reader what an approach in these conditions is like. Not all the approaches are carried out on
the Airbus A320.

9 https://www.youtube.com/watch?v=ySvirRbgKc8

9 https://www.youtube.com/watch?v=Sebt3x36LLE

I https://www.youtube.com/watch?v=nM13jpHrpjU

9 https://www.youtube.com/shorts/pmPKxOypmNQ

1 https://www.youtube.com/watch?v=LmbaaVIEv6Q

1.5.2 CDGair traffic controllers

1.5.2.1 General information

At CDGgualified controllersi.e. controllers who have successfully completed tligiming in the
unit, hold the unit ZZendorsement Theyare able to take all the tower and approach positions,
except for the Tower supervisor and Approasipervisor positions which requirgeniority and
additional training

Control tower
In the control tower, the possible positions are Pileght, GND, TWR, TWR assistartere are
also the Tower supervisor position in the north tower and the South tower coordinator.

TWR/TWR assistant positioithe TWR controller is responsible for tiheanoeuvrig area on the
runways, the runway safety areas and the taxiways situated between the parallel runidays.
issues for the runway or parallel runways under his responsibility, the-tdlkelanding and
runway crossing clearances along with thethorisations to enter the runway and safety areas.
He monitors and maintains centrelin®-centreline separations, provide crews with all the
information they need for landing and taking off and draws the Tower supervisor's attention to
the need to switch lighting oor off.

The TWR assistant controller assists the TWR controller so that the latter can concentrate his
resources on traffic management. To do this, the TWR assistant is positioned next to the TWR
controller and, in particular, coordinates and facilitatthe TWRontrollers work (for example by
drawing the TWR controller's attention to threats such as weather changes, particular
traffic, etc.). The TWR/TWR assistant pair provides the control service, the information service
and the alerting service fahe aircraft in their area of responsibility.

When the approach room is open and the north and south towers are open, one TWR/TWR
assistant pair man the north parallel runways in the north tower and a second pair man the south
parallel runways and heligbin the south tower.

Tower supervisor positionthe tower supervisor is responsible in real time, for the operation of
the control structure and the supply of air traffic services for all of the CDG platform. The tower
supervisor position is manned 24 h from the north tower or the central tower (irti@#ar at
night). Thereaktime management of the south tower is delegated to the south tower coordinator
who warns the tower supervisor of any problem. A tower supervisor (or south tower coordinator
in the south tower) can hold a control positiorhié can quickly resume his duties if necessary.
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At the time of the serious incident:in compliance with theOperating Manual (OM), the
controller holding the N TWR positibaas also the tower supervisor. Another controller was in
the NTWRassistant position, a third in the GND position and a fourth in the-FRGHT position.
The physical stations of these controllers are directly situated in front of the picture windows. Set

back in the tower, another controllewith the appropriate trainng was at the tower supervisor
station to ensure telephone communications, but not the supervisor duties.

The N TWR frequency was busy less than 18% of the time during the serious incident.

Approach room
In the Approach room, the possible positions abEP (N/S), DEP COOR (N/S), INI (N/S),
INICOORNY/S), ITM (N/S/BA) and approach supervisor.

Intermediate approach (ITM) positionsthe ITM controllers provide control, information and
alert services for the aircraft for which they are responsible. Theiaaf responsibility includes

the parts of the Paris TMA managed by the CDG approach in which inbound aircraft or certain
outbound aircraft operate, after their transfer by another sector or unit, as well as the final
approach pathsbefore their transfe to the TWR controller. They provide air traffic services and
carry out radar "monitoring, assistance and vectoring" functions for CDG and Le Bourget arrivals
at the end of the initial approach until their transfer to the TWR controller and for any other
aircraft entering their area of responsibility. Among other things, they apply the interception rules
for independent parallel approaches and ensure the separations required to maintain the runway
landing and takeoff rates and wake vortex separations.

The ITM sector in the approach room is made up of three control positions, corresponding
respectively to the northern sector (N ITM), the southern sector (S ITM) and the sector concerning
arrivals at and departures from Paflie Bourget airport and other pipheral
aerodromeg(BAITM). The positions may beombined at the discretion of the approach
supervisor, as long as each ITM handles fewer than eight aircraft.

Approach supervisor positionthe approach supervisor is responsible in real time, for the
operation of the approach room control structure and the supply of air traffic services for all of
the CDG airspaces.

At the time of the serious incident:on returning from her lunch break, the ITM controller
mentioned below wast the North ITM station wher the three ITM positions wereombined

The first exchange with flight NSZ4311 took place in this configuration. Due to heavier traffic, the
positions weresplitat 11:31 and the controller kept the N and BA ITM positions.

The N + BA ITM frequency wassly less than 50% of the time during the serious incident.

5 The term "station" refers to the physical location where the controller performs his duties and the term
bLl2aiAdAizyb NBFSNAR (2 (GKS 3S23INILIKAOFE |NBI 2F NBaLke
werecombinedatthe NITM& | G A 2y @€

7 And their NOZ (Normal Operating Zone) and NTZ {Nansgression Zone).
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1.5.2.2 ITM controller for the two approaches
Licence, rating, training and checks

Age, nationality Aged 43, French
Valid mtingsand endorsements ADI(GMS TWR, RADAPS
Unit endorsement LFPG/Zz
Endorsement expiry date 14 September 2023

Other endorsements and expiry dates| Assessowaliduntil 14 February 2023, OJTI/STizlid
until 10 December 2023

English language endorsement a ICAO level #alid until 25March 2023

expiry date

Last refresher training FSAU/APP 12 October 2020, FSAU/TWR 31 March
PPS 16 November 2021

Medical fitness certificate Valid

Experience

On completing her initial training, the controller in the N ITM position during the serious iriciden
was assigned to an emute control centre for six years. In 2007, she was assigned to the- Paris
Charles de Gaulle control unit. She had been a qualified controller since 2009. She obtained the
assessorating in 2014. Shbeadalso had a tweyear secondrant between 2013 and 2015 to the
Instruction subdivision.

Activity and duty periods prior to the serious incident

¢tKS L¢a O2ydiNRffSNRa GSIFIY KIR 6SSy 2FF Rdzie
incident. The controller indicated that she had arrived on site at 09:30 UTC and that she started
her duty period at around 11:00.

Statement

History of the seriousncident

The controller indicated that she had not been aware of any abnormal situation at the time of the
serious incident. She stated that the crew had carried out their approach andathéSAWalert

had been triggered on short final. She was no lorigeradio contact with the crew at the time of

the alert. She added that this alert had been perceived by all the personnel in the approach room,
as it appeared both on the display screens and as an aural alert throughout the Mumalert

had no operatbnal consequencem the approach roonas the aeroplane waalreadyin contact

with the tower.

She recalled that the crew carried out a-gmund and came back on her N+BA ITM approach
frequency Theaeroplane was established on the downwind legha@00 ft on a heading of 090°.
She added that she had not been aware that the altimeter setting was incorrect and had given the
crew the instructim, "Continue as clead£ Shespecifiedthat she did not give the QNH again
because the crew had reported thahey were stable at 5,000 ft and were supposed to have
already received this information.

8 See glossary.
9 Instructor.
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The controller indicated that she then received a Short Term Conflict Alert (STCA) because of a
potential flight path conflict between NSZ4311 and another aeroelthat wasin contact with
the S ITM controller anthat wascleared to descend to 4,000 ft for ILS 26L. She reported that she

used the emergency phraseology to resolve the conflict, as did the controller in the S ITM
position, which meant that they didat go below the separation standards.

She stated that the crew of NSZ4311 carried out a new approach andathé$AWalert was
triggered again. She was no longer responsible for the aeroplane and was not in radio contact
with the crew. She assumed thatdle was a technical problem on board and that the crew were
going to divert to another airport. She completed the occurrence notification form with respect to
the triggering of the STCA. She considered, along with the other people in the approach room,
that the only significant safety occurrence was the one involving the triggering of the STCA with
the use of emergency phraseology.

She also specified that on that day, at around 13:20, there was another safety occurrence
concerning a conflict between two a@planes and the triggering of the STCA, followed by an in
flight loss of control of an aircraft [into which the BEA has opened an investigation] which
attracted most of the attention of the air traffic controllers that day, with the controller being
relieved and the immediate playback. In her opinion, this may have mitigated the perceived
seriousness of the serious incidentolving NSZ4311.

After the occurrence

The controller indicated that she was informed a week later of the "reRIT" classificatn of

the serious incident involving NSZ4311. She then became aware of the actual course of the event
and its seriousness. She subsequently discussed the serious incident with other controllers who
were also unaware of the importance of the QNH for cerfANP approachedpte: Several other
controllers questioned by the BEA during the investigation indicated the same lack of awhreness
However, she indicated that one of her relatives, an Air France pilot, was surprised by this
perception, because for hiine QNH is aKiller item' during BareVNAV approaches.

Before the serious incident, she considered that the controller should pay particular attention to
the following points during an RNP approach in contrast to an ILS approach:

- there is only one intezeption altitude;

- the absence of any possibility of intercepting the vertical profile from above.

With regard to the first QNH error, she indicated that it was possible that there had been a
confusion between the flight call sign spelled out in EnglishResd Nose 4 3 1" and the QNH
announced as "1 (L 1". She also specified thdt 0 1 1 is easier to say thah00 1.

She indicated that she was in the habit of looking at the DECOR screen (see parhdfph
where the QNH is displayed before announcing it on the frequency. Memehe could not
remember whether she did so on this particular occasion.

101t is the serious incident to the Beec®0 registered FHHAM and the Airbus A320 registeredAY|
operated by Lufthansa on 23 May 2022 near P&#ds Bourget for which the BEA has opened
aninvestigation
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With regard tothe two other QNH errors that followed, with NSZ4311 and then with an easyJet
flight, she indicated that she may have unconsciously kept the "musicality” ofl"1' @ mind.

Shespecifiedthat she was not tired and that the workload was not too heaegduse the ITM
positions weresplit.

She added that following the serious incident, she had consulted the CDG RNP Final Approach
quickreference sheet for the ITM, which is available at the position and which she rarely
consulted because controllers aresed to clearing RNPs. This sheet specified giving the QNH
when clearing the RNP approach. However, she believed thaineodid this. She indicated that

the QNH must be given when giving the first altitude clearance, whatever the type of approach,
and posgbly by reflex on subsequent altitude clearances.

With respect to the possibility of detecting an inconsistency between the altitude displayed on
the radar screen and the expected flight path, she said that, even if the level flight at 5,000 ft had
been bnger, she did not think she would have noticed an anomaly on the first approach. Indeed,
she did not detect an inconsistency in altitude during the ten minutes or so that she had the crew
on the frequency and the aeroplane was in level flight at 5,00feftveen the gearound and the
second approach. She added that she did not use the "Alt" button to display the QNH aftitdide

the aeroplanes (see paragradhl0.3.2.

Regarding the procedure in the event@MSAWalert, she said she did not know how to react to
it and could not remember the standard phraseolodjofe: several other controllers questioned
by the BEA during the investigation indicated the same lack of familiaBhe thought that in the
event ofa MSAWalert being triggered, she would impose a-goound. She observed that this
alert was not very frequent and that it most often concerned aircraft that were not in contact
with CDG, patrticularly for approaches to Le Bourget airport. As a result,D@edontrollers were
not particularly alarmed when a MSAWert was triggered. She recalled having had a briefing or
training when the MSAW system was introduc&hehad not had any since then.

1.5.2.3 N TWR controller for first approach
Licence, rating, training@nd checks

Age, nationality Aged 46, French

Valid mtingsand endorsements ADI(GMS TWR, RADAPS

Unit endorsement LFPG/Zz

Endorsemenexpiry date 14 December 2023

Other endorsements and expiry dates OJTI/ STDJalid until 14 December 2023

English language endorsement a ICAO level #alid until 22 March 2025

expiry date

Last refresher training FSAU/APP 10 December 2020, FSAU/TWR 19 May
PPS 21 September 2021

Medical fitness certificate Valid

11 This was confirmed by the actual playback of the radar data.
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Experience

The controller in the NTWR position at the time of the serious incident had been appointed to
the ParisCharles de Gaulle control unit in 2001 on cdetimg his initial training. Hevorked asa
qualified controller and instructor up to 2018, except for a one year period betw2@d9
and2010 when he had been seconded to tBavironment andsafetyService Quality subdivision.

He obtained his qualification for the Duty Supervisor position on 30 May 2010 and Tower
Supervisoposition on 1 April 2016. He had been Approach Supersgisme 1 November 2018.

Activity and duty periods prior to the serious incident
The controller had been on duty as Approach Supervisor on 21 May 2022 from 08:00 to 14:30. He
was off duty on 2May, the day before the serious incident.

The controller stated that he came on duty at 04:30 as tower controller (N TWR) and Tower
Supervisor, to exercise the privileges of his unit endorsements with a vieevedidating them.

He carried out this shift in the team to which he had belonged ptebecomingApproach
Supervisor in 2018.

He specified that between 04:30 and 10:00, he was first N TWR controller, and then N TWR
assistant, GNRontroller and Tower Supervisor. He took his lunch break between 10:00 and 11:00
and then resumed as N TWRn¢wller at around 11.10.

Statement

History of the serious incident

The controller indicated that, on the day of the serious incident, the lighting had been switched
off at around 07:00 local time once daylight had set in. He added that the weatheitmomsdhad

been good during the morning but that a squall had passed over the airport between 10:30
and11:15, leaving the runway wet. Hetated that about ten minutes before NSZ4311 came onto
the TWR frequency, he noticed that another episode of bad weatias approaching the runway
and decided, in consultation with the TWR assistant, to switch the lighting on, to brightness
setting three out of four. The controller stated that he thought he had switched on the PAPI, the
runway lighting and the approaclights. He noted that during the final approach of NSzZ4311,
visibilitywas temporarily very poor and he could not see the aeroplane.

He indicated that he did not notice any anomaly when the aeroplane was on final ,auRt8 AW

alert was triggered. He thereacted by informing the pilot of the alert and asking him if he could
see the runway. He remembered that the crew replied rather late, reporting -argand. The
controller estimated that three or four seconds elapsed before he saw the aeroplane emerge
from the clouds at low altitude in a noag attitude. He asked the crew to carry out a missed
approach procedure to the north at 5,000 ft and specified he did not notice the incorrect QNH
read-back.

The controller added that shortly afterwards they recalva telephone call from the S TWR
assistant controller in the south tower, who warned them that their approach lights were not
switched on. He then immediately activated the lights and increased the brightness. He
remembered that he was then asked if he ntad to be relieved, which he accepted because he
felt slightly unsettled by the fact that he had forgotten to switch on the
approach lights.
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He indicated that his N TWR assistant then took the N TWR position, that another controller came
to take the TWR assistant position and that he himself took the tower supervisor position at the
dedicated station. He then took charge of changing the ATIS and coordinating the second
approach of NSzZ4311 with the approach supervisor. He thought about proposing tfoe ibSer

runway 27L for the second approach, but this option was ruled out in view of the improved
weather conditions.

He stated that he had beensurprisedthat a new MSAW alertvas triggered on the second
approach of NSZ431However this time the clouds had begun to dissipate and the crew were
able to finish with a visual approach.

At the end of the shift he completed an occurrence notification form about the triggering of
the MSAW. He indicated that he had discussed the seriooglémt with two other controllers
present in the tower when the MSAW was triggered. He recalled that all three had doubts about
the seriousness of the incident: it had seemed to them that the aeroplane was low when they had
seen it perform the garound, wthout being certain of this.

After the occurrence
On the subject of RNP approaches, he believed that there is an accumulation of
difficulties,namely:

- interception at a specific altitude, which complicates the task for the ITM;

- higher decision height;

- the importance of the QNH.

He indicated that the controllers were regularly reminded of these points during periodic
briefings and that the Control subdivision had placed a great deal of emphasis on these aspects
and the associated risks. He added tliae subject of RNPs had been dealt with on several
occasions and that the Control subdivision had ensured that all the controllers attended briefing
sessions and had access to the relevant information. He indicated, however, that these points
remained verytheoretical, that "it had never happened to us" before and that it was difficult to
realise the real importance of the QNH without avent to tie it to.

Asked about the pilot's incorrect redshck of the QNH during the ggroundeven though he had
provided the correct QNHhe declared that he had not heard it. He explained that the standard
phraseology for these situations was "headialgitude-QNH" and that in the TWR position, it was
very common to shorten the garound to save time, which is what haddin this case where
there was no conflicting traffic.

In the TWR position, altimeter setting information is almost never proviebeckpt in the casef
go-arounds with an altitude clearance. He indicated, however, that the pilots of some operators,
sudh as easyJet, usually asked for confirmation of the QNH when conducting RNP approaches. He
added that these requestsurprieed controllers used to ILS approaches, but that they now made
sense in the light of this incident.

Concerning the detection of anconsistency between the altitude displayed on the radar screen
and the expected flight path when the MSAW was triggered, he indicated that in this situation he
did not have the time to calculate the relevant elements or to have them confirmed. In faet, t
"Alt" button has to be pressedo display the QNH altitude (see paragrapiil0.3.3, which he
considered to be too tim&onsuming in practice.
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He added that itwas not easy to remember whether there was any particular phraseology to be
used in the event of a MSAW alert, due to the rarity of this type of occurremd@DGand not

being used to it. He only remembered the terngrdund proximity taught in initial instruction

and had no recollection of having seen the subject of MSAW in subsequent training. Lastly, he
indicated that in the approach room, MSAW alerts in moases, do not concern the CDG unit,

and that in the case of NSZ4311, in the control tower, the team members had immediately
realised that it involved an aeroplane in contact with them.

1.5.2.4 N TWR assistant controller for first approach and N TWR controller §econd

approach
Licence, rating, training and checks
Age, nationality Aged 29, French
Valid mtingsand endorsements ADI(GMS TWR, RADAPS
Unit endorsement LFPG/ZZ
Endorsement expiry date 15 August 2024

Other endorsements and expiry dates| OJTI/STDJalid until 15 August 2024assessor valid
until 24 November 2024

English language endorsement a ICAO level #alid until1 November 2022

expiry date

Last refresher training FSAU/TWR course on 13 January 2022, FSAU/APH
PPS courseattended in 2018 2021 period

Medical fitness certificate Valid

Experience

The controller in the N TWR assistant position at the time of the serious incident had been
appointed to Pari€Charles de Gaulle in 2015 on completing his initial trainingh&tebecome a
qualified controllerin 2018and instructor in 209. He obtained hisssessorating in 2021.

Activity and duty periods prior to the serious incident

The N TWR assistant controller had been off duty the three days preceding the day ofithes se
incident. His duty period began at 07:30 and he started in the-FRGHT position before
changing to the N TWR assistant position at around 11:00.

Statement

The controller indicated that although the workload was heavy on the GND aneFPIRBHT
frequencies, traffic was light on the TWR frequency. He added that the weather conditions were
not a problem until about ten minutes before the serious incident, when a cloud mass arrived
from the east. This severely hampered the controllers' sight of th@planes on final. However,

he indicated that the unit had not switched to Low Visibility Procedures (LVP), as the
deterioration was very localised and conditions at the airport as a whole were still favourable.

He stated that, during the serious incident, it was the MSAW alert that drew his attention. He
declared that in his opinion, the procedure in the eventd¥ISAWalert was to report the alert to

the crew and ask them if they had sight of the ground. HecHjeal that if the aeroplane was not
being radar vectored, the recommended phraseology wals€ck your altitude

The N TWR assistant controller reported that after hearing the MSAW alert, he tried to get sight
of the aeroplane, without success, while theTWR controller was communicating with the crew.
The crew then replied that they were going around. He remembered seeing the aeroplane then
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exit the clouds in climb before the threshold of the runway at what he considered to be a very
low height.

The NTWR assistant controller then coordinated the missed approach procedure with the DEP
coordinator controller for a standard downwind leg at 5,000 ft and passed the information to
the N TWRecontroller who gave the crew a northerly heading andadtitude clearance of 5,000 ft.

Once these actions had been completed, the N TWR assistant controller suggested to the N TWR
controller that he relieve him, which he considered to be standard procedure for this type
of situation.

The controller added thaat one point during the sequence, he received a call from the S TWR
assistant controller informing him that his team had forgotten to switch on the approach lights for
their parallel runways and had also noticed that the approach lights for the northliphranways
were not switched on either. He remembered passing this information on to the N TWR
controller, which seemed to unsettle him and perhammstributed to himagreengto be relieved.
Immediately afterwards, the approach lights were switched &mortly after the gearound,

the N-TWR assistant controller moved to the N TWR position.

On the second approach and following the triggering of the MSAW, he remembered informing the
crew that the ground proximity warning had been triggered and asking thiewerything was OK.

The crew replied that they had sight of the ground and the controller then cleared them
for landing.

The controller also indicated that he had seen the aeroplane emerge from the cloud layer in level
flight, during the radio exchange at a height he considered too low. He then observed the
aeroplane intercept the vertical approach path and land without incident.

After the occurrence

The controller indicated that after the serious incident dmefore readngthe report produced by
the Environment andSafety Service Quality subdivisiozoncerningthe serious incident, he had
not suspected that controller error in the transmission of the QNH could have been the cause.

He also declared that he was surprised that the rbadk error ha not been picked up during

the goaround. He thought it was possible that this had occurred when he was relieving the TWR
controller and the latter was disconnecting his audio equipment and he was connecting his own.
He thought that it was possibl¢hat the similarity in sound between the call sign and the QNH
may have played a role in the reddck error.

Asked about RNP approaches at CDG, he replied that because the ILS for runway 27R had been
out of service for several days, controllers were only iffg RNP approaches to this runway. He
added that they were used to this type of approach and that the procedures and associated
phraseology were mastered. However, he felt "less composed" than for ILS approaches. He felt
that, although there had been a ltome of training on RNP procedures which he described as
large, some aspects were more problematic. He gave as an example, the importance of the QNH.
He observed that he had not grasped to what extent it was important before the serious incident,

or the nead for controllers to ensure that the vertical approach path is intercepted at the correct
altitude. He added that altimeter setting information was generally only provided by the TWR
controller at the explicit request of the crew or in the event of aggound.
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Concerning the detection of an inconsistency between the altitude displayed on the radar screen
and the expected flight path when the MSA¥\triggered, he indicated that, in his opinion, even if
the "Alt" button for displaying the QNH altitude waressed, calculations would be necessary and

that, given the approximations, it would be difficult to determine whether or not the aeroplane
was on the published flight path.

On the subject of the MSAW, he said that the CDG controllers were not ustistalert being
triggered for aeroplanes which were on the frequency with them. He stated that he had not been
briefed on this point, although he recalled the existence of an associated procedure in the OM.
However, he added that the OM contained a largember of procedures.

1.6 Aircraft information

1.6.1 General Information

Manufacturer Airbus
Type A320214
Serial number 1087
Registration 9HEMU
Delivery date 19 October 1999
Operator Airhub Airlines
Engines CFM565B

The aeroplane was within theeight and balance envelope specified in the flight manual. During
the first approach, the weight was around 63 T, with a centre of gravity at arouftla8&he
mean aerodynamic chord.

¢tKSNBE 6SNB y2 aLISOAFTAO AGSYAa NBORMNRSRequipyenti KS | S
included in the Minimum Equipment List (MEL) that could have had an impact on the
serious incident.

The aeroplane was not equipped to carry out an RNP APCH operation down to LPV, mmima
operationwhich usesSatelliteBased Augmntation System (SBAS) vertical guidance.
The aeroplane was not equipped with Digital'|S.

1.6.2 Altimetric system

1.6.2.1 General

A barometric altimeter measures the outside atmospheric pressure via static pressure ports
located on the fuselage and compares it witte altimeter setting, a reference value defined by
the crew.Based orthe variationin pressureas a function othe altitude in a ICAG? standard
atmosphere the altimeter displays one of the following parameters to the pilot, depending on
the altimetersetting:
- the flight level, using an arbitrary pressure reference set to 1013.25 hPa (or 29.92 inches
2F YSNOdzNEBOZ Ffaz2 (yz2ey +ta (GKS a{dFyRIFENRk{¢5
above the transition level to provide them with the same eedfnce to avoid
mid-air collisiors;

2 International Civil Aviation Organisation
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- the Altitude above Mean Sa Level (AMSL)based onthe atmospheric pressure value at
the aerodrome altitude, corrected tocorrespond to the measea level This is the QNH

- the height above ground, using the atmospheric pressure valug¢hataerodrome a
altitude. This is the QFE.

1.6.2.2 Airbus A320altimetric system
An Airbus A320 has thregtimetrica @ 8 Syay 2yS F2NJ 4KS IfGAGdzRS 2

the altitude onthe o-LJAAf 2 1 Q& &A RS | YR 2 ¥ FachBinstridsgstem aided y Ro &
two pressure measurement systems located on either side of the front fuselage.

The altimeter setting value for each Electronic Flight Instruments System (EFIS) on the

OF LIl loAp@ 2ki@a &aARS Aa asSi 2y GKS dtmetackystens? v (i NR €
the QNH setting is selected by pressing the barometric reference selector. The knob is used to
choose the desired altimeter setting value. To switch to the standatting), the selector must be

pulled. It is also possible to select the barometric pressure unit (hRaldg the latter being for

example the reference unit for altimeter settiagn the United States).

Refe
Window

eleclioc
FiguredY aSGdAy3a 2F GKS £ GAYSGwstiNg QNE FeSauDY3dBa (I8fy (1 K S
or at the standard value (right) (source: Airbus FCOM)

The barometric reference is displayed on the PFD below the altitude scale:

1
RADIO
HEIGHT

GROUND
REFERENCE

Figureb5: altimeter setting on the PFD (source: Airbus FCOM)

3 0lderA32G may have an altimeter rather than an altimetsgstem.
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According to the Airbus Flight Crew Operating Manual (FCa@M)regardless of the type of
approach, the altimeter reference must be set during descent when the aircraft isbpapping

the transition level and the crew is cleared to an altitudéis change of setting must be entered
manually on the threaltimetric systems and checked by the PF and PM.

On the Airbus A320, there is MQNH valuepreset function; the only optioris to change the
current value.

1.6.3 Radioaltimeter

The radicaltimeter is designed to measure thieeight abovethe ground or water surface. It is
based on the radar principle. A transmitting antentisgectsa wave towards the ground, where it

is reflected ad then received by the receiving antenna. By measuring the time between
transmission and reception of the wave, the distance to the ground, i.e. the Rdtmeter (RA)
height, can be calculated after the instrument has been calibrated.

The calculated Jaes are displayed on the Primary Flight Displays (PFDs) below an RA height
of 2,500 ft. The A320 has two separate raditimeters. The values measured by radio
altimeter No. 1 are displayed on PFD1 (captain) and those measured by-ahidi@ter No. 2
appear on PFD2 (epilot).

000000080

Antenna R2 7 e
Antenna T2 \

Antenna R1
Antenna T1

—th

Figure6: locations of the receiving (R) and transmitting (T) antennas of raldiimeters 1 and 2
on an A320 (source: Airbus)

The radiealtimeter height values recordeth the 9HEMU flight dataand dsplayed on the PFDs

were corrected by an increment of +5 ft, since the values recorded wefewhen the aeroplane

gl a 2y GKS INRdzyRd ¢KA&a O2NNBOGA2Yy 3IA@®Sa | O f dz
minimum radicaltimeter height value reordedin the flight data during the neacollision with

the ground was 1 ft before correction (6 ft after correction).

¢ K Suménary for each phase aSOGA2Yy Ay (KS ! ANbBdzaz C/ ha aiALldz
must keep the radialtimeter in their €an during the approach and landing. Apart from this

point, no call out or specific criteria associated with monitoring the raaliitude parameter are

included in the LNAV/VNAV or LPV SOP.

1.6.3.1 Display of the height value measured by thradio-altimeter

Different data from the radiealtimeters is displayed on the PFD, which may give pilots an
indication that the aeroplane is getting closer to the groufdhese are secondary parameters
designed to give the crew a better grasp of the sitaatin the context of CATII/CATIII operations
which, with a DH below 200 ft, require visual acquisition of references close to the ground
or runway.
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¢KS FSNRLX IYySQa KSAIKG F620S INRdAzyR @I f dzS Aa
for an RAheight less than or equal to 2,500 ft. The colour and size of the digits change according
to the radioaltimeter (RA) height value:

- 400 ft < RA < 2,500 fit

- w! o XK elinlly [Friey

The display of the digits alstepends on the height:
- RA > 50 ft: 10 frariations
- pn Fi x whriatgnsp FaGY p T
-  RA <51t 1 frariations

CAT3 AP1+2
DUAL |1 FD 2
A/THR

Figure7: display of the radialtimeter height value in the PFD, in this casel0ft RA(source:

Airbus)

1.6.3.2 Red rbbon on the altitude scale
When the aeroplane is at a RA heigiftless than 570 ft, a red ribbon appears at the bottom of

the altitude scale, the length of which varies depending on the RA height.

When the aeroplane is on the ground, the top of this ribbon is at the centre of the altitude
window. This ribbors only basedon the RA height and is not affected by the altimeter setting.

Radio
Altitude

uoor

Figure8: display of the PFD withRA height of 400 ft (on the left), and when- @MU was getting
closer to the ground (on the right) with the incorrect QNH (source: Airbus)
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1.6.3.3 Representation of the aerodrom@ & | f oih thei aliRu@e scale
The aerodrom@ a I fisirdpiesziél on the titude scale by a blue line on older instrument

models* (as is the case for 3BMU), or by a brown strip on more recent instrument moéfels
which are prevalent in the current Airbus fleet.

If the altimeter setting is correct and the terrain is flat before the runway threshold, the blue line
(or the top of the brownstrip), representing the aerodron@d I f shduidl digrdwith the top

of the radicaltimeter red ribbon during the final appach. On landing, these elements are at the
same level as the altitude window on the altitude scale. When the terrain is flat before the
runway, anincorrect altimeter settingwill result in a positional inconsistency between these two
elements, as showmithe figure below.

Figure9: representation of the aerodrom@ & | fwithAafi idzirct QNH and flat terrain before
the runway, according to the two Airbus EIS models (left: EIS1, as usedBk9Hright: EIS2)
(source:Airbus)

1.6.3.4 Representation of height on the PFD

Below 300 ft RA, the height is also given by the distance between the horizon line and the line
above the radiealtimeter height value. This line moves upwards when the aeroplane iBen
descent phase. As it movepwards, the attitude graduation marks progressively disappear, until
this line is superimposed on the horizon line, once the aeroplane is on the ground.

FigurelO: representation of the radi@ltimeter height on the PFD of 9BMU (source: Airbus)

14 Electronic Instrument Syste(&lS), which includes PFDs, NDs, E/WD and SD. Older models are known
asEIS1.
BEIS2.
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1.6.4 Auto-callouts

The purpose ofthe radio-altimeter height Aute/ I £ € 2 dzia o!/ ho A& (2 Syadz
awareness of the proximity to the ground. Such callouts are triggered when the descending
aircraft passes througleertainpin-programmedheightsabove the terrain.

On the Airbus A0, the Flight Warning Computer (FWC) generates these syniheite callouts

using data from the radi@ltimeters. These callouts are broadcast via the cockpit loudspeakers,

even when the latter are switched off or when the crew are using headsets. 32@ iAcludes 20

callouts which are fully programmable by the operator (except for the mandatory
GCLUXBD5w95¢ OFff2dziod ¢KS F2ff2eBM3T OF f f 2dzid & SN

Height (feet) Call out
2500 TWO THOUSAND FIVE HUNDRED
OR TWENTY FIVE HUNDRED
1000 ONE THOUSAND
500 FIVE HUNDRED
200 TWO HUNDRED
100 ONE HUNDRED
50 FIFTY
40 FORTY
30 THIRTY
20 TWENTY
10 TEN
DH (or MDA/MDH) + 100 HUNDRED ABOVE
DH (or MDA/MDH) MINIMUM

Figurell: programmed autecallouts for 9HEMU (sourceAirhub Airlines)

¢KS a1l !b5w95 ! .h+9¢ YR dalLblLa!aé¢ 0600FNBYSGHNRKOOU
were not available during the serious incident (limitation related to #poacision approaché$

with EIS1). In this case, the FCOM stipulates thatRM is responsible for making these callouts.

The crew stated that they were aware that they had to make these two callouts, and the
co-pilot (PM) stated that he made them.

The pilots of 9HEMU indicated in their statementhade tothe BEA that they onlyeard the

callouts at 2,500 ft RA and 1,000 ft RA and that they did not hear the other callouts, in particular
6K2&4S GNARAIISNAY3IT a LINI 2F GKS acLC¢, X Chwe, K6 >
they had heard this sequence, they would have iediately realised the seriousness of

the situation.

At the request of the BEA, the two FWC ofEBMU were removed to be tested on an Airbus test
bench on 18 October 2022, in order thheckthe generation ofthe auto-callouts in a simulator,
for a nominalapproach andfor the two approaches in the conditions of the serious incident.
These threesimulationswere made for each FWC.

16 According to this logic, BatdNAV approaches are classified as 4poacision approaches as opposed to
precision approaches.
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During thesimulations all the programmed callouts were generatadd the tests did not reveal
any malfunction of the systeth

However, it should be noted that during the serious incident playbacks in the development
AAYdzZ F G2NE GKS LINIRBRE BH2IESNBSBHBEBIELISYSS RAR y?2
perceiwe all the callouts that were activated during the approach, even though the aim of the

session was to check that these callouts were triggered.

1.6.5 Barometric approaches on the Airbus A320
1.6.5.1 Barometric vertical navigation

1.6.5.1.1 General information on Bare/NAV and theconsequences of an incorrect
altimeter setting

Barometric vertical navigation (Batob ! + 0 A& I Fdzy OGA2y 2F GKS I SNJ
providing vertical guidance based othe barometric altitude. The Flight Management
System(FMS) generates the desnt profile based on the following parameters included in the
navigation database:

- Missed Approach Point (MAP?1);

- Flight Path Angle (FPA);

- Final Descent Point (FDP).

Final Descent Missed Approach
Point (FDP) Point (MAP)

| |
I

l

Flignt Path Angle (FPA) e

Figurel2: generation of the Bar¥NAV descent profile (sourcAirbus)

Vertical guidance uses the differences between the indicated pressure altitude and the
barometric altitude of the FMS descent profile to generate vertical deviations (V/DEV). However,
by design, the same source of information (i.e. the baroneeélititude) is used to both generate

the descent profile and calculate vertical deviations from this profile.

For example, if an incorrect barometric altitude is used due to an incorrect altimeter setting, the
aeroplane will follow a flight path that isapallelto but below/above the flight path designed and

published to avoid terrain and obstacles. Atorrect altimeter setting,10 hPahigher than the

expected valude.g. 1011 hPa instead of 1001 hRa) Y S| y GKF G GKS F SNRLJX I ySC
isaround 280 ft below the published vertical profile, all along the path.

Lastly, whatever the type of approach operation, an incorrect altimeter setting will impact the
altitude given to the pilotsWhen indicated to the crew,he Decision Altitude (DA) ahe
aAyAYdzy 5S0AaAirzy ' fGAGddzZRS o6a5!' 0 GAff 0§ KSNB T2
actualaltitude.

17 According to Airbus' analysis of the flight data, the "RETARDbualvas made during the event.
However, the sampling and accuracy of the data made it impossible to determine whether the "TEN"
callout was also made during this dynamic phase.
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/Pubﬁshed flight path]
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|AcMaIdeas@n5mnudek—~"”’f"

Figurel3: representation of anncorrect altimeter settingdf 10 hPa (source: BEA)

The vertical guidance principle in Ba¥dNAV cannot detect an incorrect altimeter setting, and the
vertical deviations (V/DEMhdicator and flight director (FD) bars displayed on the PFD remain
centred as long as the aeroplane is at the barometric algtofithe FMS descent profile.

AP1
1FD2
BARO 802 | A/THR

=
180 -

160- 10 41— 10

T140= :L]:-"Z‘-%’“—_:U:: et :]
+

120- 10

V. V. —

Figurel4: PFD simulation of the serious incident, with V/DEV anbd&®centred (source: Airbus)

Similarly, the altitude in relation to distanahecksprovided by the approach charts and required
by the procedures (separagraphl.6.5.2 isineffectiveto detecta QNH setting erroshared by
both altimeters durirg barometric approaches, since this incorrect altimeter setting information is
used to both generate the descent profile and check the altitude.

Lastly, it should be noted that the descent profile generated from the B&¥éV function may be
affected by emperature variations, and that satellite approaches may be subject to all types of
disturbance affecting a Global Navigation Satellite System (GNSS) signal, such as jamming
or spoofing®.

8 Jamming andspoofingfor GNSS navigation are threats currently being intensively addressed by the
aviation community. Although important, these subjects were not directly related to the event, and were
therefore not analysed by the BEA as part of this investigation.
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1.6.5.1.2 The different existing alerts

Several alerts are available vearn crews of inconsistencies tine altitude or altimeter setting:
- If there is adifference between thebarometric altitudeof the captainQ and co-pilotQ a
altimetric systens,  y I Y06 SNJVEI &NIREGAEC tAggered, associated with
the message ¢ displayed on the right side of the altitude scale
- If there is a difference between the barometric reference ussdthe captaim and co-
pilotQ altimetric systemgSTD vs QNH/QFE, or QNH vs QFF), I Y06 SN3VEARS NI d

¢/Ctrhiggered;
- If there is a difference between the altimeter setting value selected ondéyetaimQ and
co-pilotQ BCU control panel$, y | Y 0 SINGVEAS/NIUE & ¢ rtriggered

- Finallyto compensate for an omission to change thkB F SNBy OS> (G KS da{ ¢5¢
messageflashes on the PFD when STD is not selected above the transition altitude
entered in the FMS, or when STD is still selected during the approach phase below the
transition level.

However, there is no alert when:
- asameincorrect QNH is entered in both the captainfpdot altimetric systems, since the
aeroplane does not know what the actual local QNH is;
- the QNH displayed on the PFD is different from that of the FMS or from the setting
defined on the standby altimeteawsr on thelSIS (Integrated Standby Instrument System).
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1.6.5.1.3 The different guidance modes available on the Airbus A320

BaroVNAV approaches are available on Ailtbus aeroplanes. On Airbus A320s (such a€£BW) which are not equipped with the FMS Landing
System(FLS) or SBAS Landing System (SLS) functions, theNBavobfunction is used IRINAL APRanaged guidance moddlere are the different
managed guidancmodes available depending on the type of approach operation peegagraphl.8.1for the different types of approach operation):

ILS GLS RNP RNP AR LOC only VOR NDE
APPROACH RNAV(GNSS) RNAV(RNP)
ILS GBAS LS RNAV(GPS) RNP(AR) LoC VOR DME
RNP APCH RNP AR APCH
LNAV/VNAVY LNAY
FMS selection
ILS14R-Z GLS14R-Z RMNV14R-Z LAk

RNP14R-Z (AR) LOC14R-Z VOR14R-Z NDB14R-Z

APPROACH MODE ARMING

APPR | APPR | APPR _J APPR _J APPR _, Toc. _J APPR _J APPR _J
GUIDANCE G/s | LoC G/s | LoC FINnLAPP FINALAPP FINALAPP FPA | LOC FINALAPP FIN.nLAPP
MODE FMA | | I

NN

GPS GBAS

z
=
=
m

LATERAL SOURCE

FMS FMS

VERTICAL SOURCE GQ/s GPS GBAS Baro Alt Baro Alt Baro Alt Baro Alt Baro Alt Baro Alt

TEMPERATURE

compensation Not needed Not needed Not Not Not Not Not Not
(Geometrical beam) (not baro sensitive) Compensated Compensated Compensated Compensated Compensated Compensated

for Final leg guidance

Reommendedmede |« |+ |+ |+ | & |+ |« |~ |

Figurel5: the different managed guidance modes depending on the type of approach on Airbus A320s without the FLS or SLS functions
(source:Airbuswin)

The Airbus terminology for RNP APCH down to LNAV/VNAV minimavie:! + 6 Db { { 0 R2 gy { 2 Approachex carbidd but i KINALY | £

APP mode are performed using the Continu@escentFnal Approach(CDFA) techniquéorthe FINAL APP mode and as shown in the figure above:
lateral guidance is provided by the FMS system. During an RNP APCH approaayuéadance is based on a satellite soyrce

vertical guidance uses the BaktNAV function. The altimeter setting value (QNH) used by the crew will thus determine the descent profile and

associated guidance. The temperature is not compensated by the sy3$teenQNH and temperature must therefore be known by the pilots.
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1.6.5.2 Approach operation in FINAL APP guidance mode
The Standard Operating Procedure (SOP) is availaBlpgandix 1of this report.

During flight preparation, the GPS PRIMARYR\S Q& | @+ Af I 0Af AGe& Ydzad oS S
for descent, the crew must check that the temperature at the airport is higher than the minimum
temperature authorised for the type of approachr Yy R 206G+ Ay GKS | ANLI2NIQa
Using a QNH from aemote station is prohibited for an RNAV(GNSS) approach down to
LNAV/VNAV minima. The PERF APP page of the FMS is complé¢tedPF and crosshecked by

the PM The approach operation is selected on the ARRIVAL page of the FMS.

During the descent, thaltimeters are set by switching from the standard setting to the QNH
setting, and the maximum permitted discrepancy between altimeters is 100 ft. There is no
requirement to confirm the altimeter setting with another information source.

If the flight planis valid (lateral and vertical profile) and the selected approach is compatible with
the FINAL APP mode, when the crew press the APPRbutiin on the Flight Control Unit (FCU),
the APP NAV(lateral) andFINAL(vertical) modes are activated. When thertieal profile is
intercepted, the APP NAVand FINALmodes merge into theFINAL APHRnode. Energy and
configuration management is identical to that of an ILS approach.

From the Final Approach Fix (FAF), which in most cases at Airbus corresponds to [tBe§teat
Point (FDP)the PM must check the distances in relation to the altitudes as published on the
approach chart. They must also announce excessive deviations:

- XTRK (horizontal deviations) greater thaui NM;

- V/DEV (vertical deviations) greaterath %2 point.

When approaching the minima, the ONE HUNDRED ABOVE callout must be monitored (in the case
of an autoecallout) orcalled outby the PM100ft above theminima. Once the minima have been
reached, the MINIMUM callout must be monitored (in the case of an-aaltout) orcalled outby

the PM.

At the minima, if the visual references are sufficient, the approach is continued. If visual
references are not acqred, a gearound must be carried out.

In the event of a reduction in navigation performance on final approach, a procedure is provided
and must be briefed when preparing for the descent.

To summariseas applicable to 9HEMU at the time of the event

1 The SOP do not mention theFIT riskQNH entered in the EFIS higher than the actual
QNH) or the risk o& non-stabilised approacifQNH enteredn the EFISower than the
actual QNH) in the event of an imcect QNHsetting onalli KS F SNR LJX | Yy SQa | € G

1 The SOP do naskfor the QNH value to be psetin anticipationon the EFISthis cannot
be done directlyon the systembefore the descent, once the crew have obtained the ATIS
information and wherthe altimeter setting isstill set to the standard value.

1 When the aeroplane is approaching the transition level, or the crew are cleared to a lower
altitude by the air traffic controller, the QNH must be displayed on the EFIS control panel
and on the stadby altimeter. The QNH values must be compared with each other, as
mustthe altitudes.
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1 The SOP do not require the QNH value provided by the air traffic controller on approach
to be compared with other available sourc@dETAR, ATIS, QNH entered in EMS etc.)
1 The SOP requireegular checks ofhe distances in relation to the altitudes, as published

on the approach chart. These checks do not allow the crew to detectnaarrect
altimeter setting

1.6.6 Procedures and instruments for other aeroplane types angeyators

The Airbus SOP applicable to the entire Airbus fleet, as wethadBoeing SOP applicable to the
Boeing fleet of737, 747, 757, 767, 777 and 787, are similar to those applicable to the A320. In
particular, atthe time of the incident, there were no requirements for confirming the altimeter
setting with another information source so as to prevent the use of an incorrect altimeter setting.
Similarly,the instruments and systems available to the crea not allow the crew to directly
detect that all the altimeters &ve the sameincorrect altimeter settingexcept whenaeroplanes
areequipped with an ALTSM or CABTA system (segaragraphl.18.3.).

The reading of the manuals of other manufacturers such as Embraer, Bombardier and ATR did not
reveal any marked differences regarding the aforementioned topics.

However, it should be noted that some air operators explicitly regjuhat their crews, when
switching from the standard altimeter setting to the QNH setting, validate the QNH value
communicated by the ATC using another information source (ATIS, METAR, fligh€CARXtc.)

On the A350 and A380, as well as on partlef Boeing fleet, thealtimetric systems include a
QNHstandbypresd function. The SOP of these fleets requarestandbypreselection of the QNH
when preparing for the approach. Airbus indicated during the investigation that this QNdetpre
procedure is not a requirement on the A320, A330 and A340 fleets, because the instruments are
not designed for it, and because the operatiould require modifying thecurrent altimeter
setting value andauld also generatén some situationsalertsandaltitude deviations

Some air operatorbavealso established specific procedures in the evena diSAWterrain/low
altitude alert being transmitted by air traffic controllers to the crew when the latter have no
external visual reference These procedres may require the PULL UP operation to be applied,
for example.

1.6.7 Terrain Awareness and Warning System (TAWS)

1.6.7.1 System description

The Terrain Awareness and Warning System (TAWS) is-hoaod system designed to warn the
crew of a risk of the aircraft cadling with the ground. 9HEMU was equipped with a Honeywell
MARK V Enhanced Ground Proximity Warning System (EGRWI)AWS

The EGPWS comprises the following:
- The GPWS five basic protection modes, which are reactive functions mainly based on the
I SNE LX | yafifigiersNI RA 2
Excessiveate of descent.
Excessivelosureto terrain rate.
Negativeclimb rate oraltitude loss after takeoff.
Flight into terrain when not in landing configuration

N RE
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5. Excessive deviatiobelow the precision approach sloperfILS, MLS, Gt®Snd
whbt Lt /| R2gy (2 [t+ YAYAYFIZ 6AGK (GKS al
does not therefore work for Bar’NAV approaches.
- Several other enhanced functions (Enhanced GPWS), which also use a database of terrain
and obstacles inaddiA 2y G2 GKS |SNRLX FySQa LI NI YSGiSNaAZ
predictive functions, such as:
o Forward Looking Terrain Avoidance (FLTA);
o0 Premature Descent Alert (PDA), which is included in the Terrain Clearance Floor
(TCF) function on Honeywell systems.

DAGSY GKS | SNRLX FYySQa y2YAylf @GSNIAOFE &ALISSR Iy
basic modes would have triggered an alert during the serious incident. In the circumstances of
this serious incident, the function likely to trigger an alertiva G KS t 5! Q& ¢/ C Fdzy Ol A

Il 2ySepsStfQa ¢/ C FdzyOiAaz2y OFftOdzZ I 4Sa | GSNNI Ay C
triggers an alert if the terrain clearance is not sufficient, even when the aeroplane is in landing
configuration. It also protects agnst an attempted landing where there is no aerodrome.

The TCF function uses the aircraft position parameters, the aeroplane parameters (in particular
ALSSRE fGAGdzZRSE RS&aOSyd NXrasS FyR w! KSAIKGOXZ F
from the databas¢ and the obstacle database. If the aircraft enters the protection envelope, the
following alerts are triggered:
- d¢hh [h2 ¢9ww!Lbé¢ @2A0S IftSNI®d LF GKS I ANDI
triggered every time the height above grouddops by 20%.
- Visual alert on the instrument panel, by means of an indicator light.

The TCF envelope includes an inhibition zone around the aerodrome to prevent false alarms. This

zone depends on the EGPWS software version and the incoming data, iicufartthe
FSNRLX I ySQa LIaAAGAZ2Y &2dz2NOSO

400 ft Runway

700 ft AGL
AGL

Figurel6: descriptive diagram of TCF mode (source: Airbus FCOM)

¥ nstrumentbased Landing System, Microwave Landing System, GBAS Landing System.
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¢tKS ¢/ C a¢hh [ h? ¢ 9 waliokeb € I £ YSONENA | [@BRnck A 21 (lik8 Tl o
thed ¢ 9ww! Lb 'l 9! %ype alerts] The Aitbuss philosophy regarding operating
procedures in the event of a TAWS caution or warning alert may be summarised as follows:
- iy GKS S @Erying 21Fth8 tididds asked to perform an emergency manoeuvre
(full noseup input and wull thrust),
- iy GKS S@8niE 2 WBENE e casof i KS a¢hh [ h2 ¢9ww! Lbé
0 at night or in IMCthe crew is asked to perform an emergency manoeuvre (full
noseup input and full thrust)
o the flight path must be adjusted if the alertiggers in daytime and in VMC, with
the terrain and obstacles clearly visible
- TAWS operations are Memory Items that the crew must know by heart.

1.6.7.2 9HEMU EGPWS test

Honeywell conducted the EGPWS examination on 16 September 2022 under the supervision of a
Federal Aviation Administration (FAA) representative. The examination and downloading of
the EGPWS data from 9EMU did not reveal any alert activation or system failures during the
serious incident. The system operated in accordance with the specificatitms EGPWS used

the FMS position data and was naired to use the GNSS position data.

The EGPWS P/N was 98%76:003-206-206. The first ten digits correspond to the hardware, the
next three ¢206) are the operating software version, and the last thre206) are the
configuration software version. The operating software includes in particular the version of the
terrain databaseand detection envelopes. As for the configuration software, it includes the
version of the aeroplane interface file§/ersion-206-206 dated back to 1998. In subsequent
versions, Honeywell allocated dedicated P/Ns for each aircraft manufacturer.

The TCHetection envelope depends on the quality of the positioning data. In the circumstances
of the serious incident, Honeywell estimated, using a FdStionng source without Nav mode,

that the TCF envelope ended 1.9 NM from the thresh@ldringthe seriousincident, the EGPWS

did not trigger an alert because the aircraft was outside the TCF envelope, in the inhibition zone.
An error of 23 hPa, bringing the vertical profile 650 ft below the published vertical profile, would
havebeen necessary for an alerbtbe triggered in the circumstances of the serious incident, with
the EGPWS CF envelope of SEHMU.

Honeywell carried out simulations to determine whether EGPWS versions subsequent to that
involved in the serious incident would have triggered alerts. T envelope was improved

in 2003 with version-218218 (equivalent to P/N 96%676:002 on Airbus aeroplanes), which

reduced in particulgrthe inhibition zone around the aerodrome. On versic848-218 and latey

using GNSgositioning, Honeywell estimatB (1 K TGO LOW GERRAIN | € SNI 62 dzf R KI ¢
triggered at 200t RA, 617 QNHM A AmMZ G mMmYnmMYopX A®PSd mp aSO2yF
alert would have been triggered 1.4 NM from the runway threshold.
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TOO LOW TERRAIN

EGPWS TCF Envelope

QNH 1001 hPa
Figurel7Y RALF AN} Y 2F GKS FFSNRLX FySQa LI GK | yR
with an EGPWS using versi®18-218 or later and GNSS positioning
(source: Airbus)
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1.6.7.3 Regulatory requirements

Applicable specifications

As regard SljdzA LIYSy G OF NNBEAY3IS L/ ' h ' yySE c¢ 3l LI NI 3N
turbine-engined aeroplanes of a maximum certificated také mass in excess of /0 kg or

authorized to carry more than nine passengers shall be equipped with a groum@mjiyo
warningsystemg

In Europe, the provisions odmendedw S 3dzf I GA2Y 69! 0 b2 @GCPKHAMH O
regarding commercial air transpqrtequire as per CAT.IDE.A.150 Terrain awareness warning
system (TAWShat, dTurbinepowered aeroplanes having an MCTQiaximum certified take

off mass] of more than 5700 kg or an MOP3@aximum operational passenger seating
configuration]of more than mie shall be equipped with a TAWS that meets the requirements for

Class A equipmefitas specified in an acceptable stand@r@he associated guide indicates that

the European Technical Standards Order (ETSO) can be used as an appropriate standard.

With respect to the certification oT AWSequipment in Europetwo Certification Specifications
haveadditional requirements:

- the CSACNddefiningcertification requirements related to air operations at aircraft lgvel
sets out, through CS ACNS.E.TAWS.00%, tfa class A TAWS equipment can be
approved in accordance witstandardETS@GC151b,

- the CSETSO(defining certification standards at equipment leyekets out, through
standard ETS@C151, the requirements applicable to TAWS intended for installation in
fixedwing aircratft.

From 25 July 2020 onwards, the newly designed and manufactured T@MWSvhich the

equipment manufacturer applies for an ETSO approval/authorisatsirall comply with EASA

standard ETS@C151d equivalent to FAAstandard TSGC151d, referring almost exclusively

to RTCAdocumentD®c T X RIFGSR om al & HAamMT ® $pechiet@ubther ¢ { h 2
Authorisations granted for the TAWS designed and manufactimedccordance withprevious

standards are still valid.

20 Class B TAWS are intended for certain types of piston engine aeroplanes, while Class C TAWS are
intended for general aviation aircraft.

Page49/ 153

The BEA investigations are conducted with the sole objective of improving aviation safety and are not intended to apaor¢ian b
liabilities.


https://www.easa.europa.eu/download/etso/ETSO-C151d.pdf

Thus, operationally in commercial air transpotthere is no requirement to update TAWS
designed and manufactured in accordance with previous ETSO/TSO standards<CBBL8Meing

the minimum standard), and consequentgtandardRTCA D@67 does not apply to the TASV
equipping the A320egistered9H-EMU?! at the date of publication of this report.

Latest TAWS specification®RTCA D367

In paragraph 2.2.1.1.7.2.1 regardingutionalert criteria, RTCA D867 requires Class A TAWS to
provide PDAcautionsin less than 1.3 seconds, based on a heightatise volume at the runway
threshold as defined in the following diagram. This protection volume is the result of a
compromise between several TAWS manufacturers.

TAWS manufacturers must teite activation conditions otheir product and that it complies
with the PDA alertactivation heightbased on speed (descent rate and ground speed) and
distance criteria in relation to the runway threshold. The tests must be carried out at different
ground speeds, different descent rates and different distanfrem the runway threshold.

PDA Envelope

ao0

150 I : (12.3,380)
' | | \(5_5,3501 | \ | i

{12.3,350)

300

250 |
i (23,170 |
200 | !

150 -

PDA Alert Height (ft)

15.o,i?o] Muslt Alert

I [1.8,150)

i —— (1.0,80)

50 - |
i (1.0,10)

00 10 20 30 40 50 60 70 80 80 100 110 120 130 140 150
Distance to Runway (NM)

Figurel8: PDA envelope (source: RTCAIEJ)

The following diagram shows the positions of the different detection envelopes:
- Gadza i PbA&WwWbpaccording to RTCA B&B7 (n red)
- Honeywell TCF envelope (ight blue for versionr206-206 equipping 9HEMUand indark
blue for-218-218)
- standard3°vertical profile(in green
- As well as a
associated with aimcorrect altimeter settingpf 10 hPai( ).

21 Giventhe provisions of TS@151d paragraph 2.b., and the actual ETSO/TSO Authorisation granted to the
TAWS equipping the A320 registered-BMU, the aircraft configuratioromplies withregulatiors CS
ETSO/GBCNS/CAT.IDE.A.180d satisfiesat least the ETSQ151b requirements for Class A equipment.
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PDA Envelope (DO-367) and TCF envelopes

——FPDA envelope - must alert
250 ——3" nominal vertical profile
3" vertical profile offset downwards by 280 ft (~10 hPa)

——TCF envelope -206-206 (for 9H-EMU)
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Figurel9: comparison of the PDA envelopes with a 3° approach slope approximately 280 ft below
the published vertical profilésource: BEA)

Firstly it can be seethat the TCF envelope of an EGPWS using software ve0é®06 without
GNSS positioninguch as the one equipping MU, is much less restrictive than the envelope
of standardRTCA D@67 applicable almost 20 yealater.

It can also be seethat the 3° slope, approximately 280 ft below the published vertical profile and
associated with arincorrectaltimeter setting of 10 hPa, does nédll A Y (i 2 musKafré & t 5!
envelope of the currenstandardRTCA D@367. herefore, for all TAWS of aeroplanes designed
and produced today, there is no requirement for a PDA alert to be triggered in conditions similar
to those of the serious incident involving SEMU.

However,it can be observedi KI &G | 2y S@ ¢ St f fhasoftvdreCverSofi218218 €dS &
later issaferi Ky GKS a0l yRIFENRQaA YAYAYdzyY NEBEnjaek WSYSyda
around 200 ft above ground in such circumstances.

1.6.7.4 Status of Airbus and Boeing fleets with regard to carrying TAWS

1.6.7.4.1 Airbus
Airbus useswo TAWS suppliers: Honeywell (historically) and AG8®re recently).

ACSS

As part of the investigation, the BEA contacted ACSS to ask them to carry out approach
simulations in circumstances similar to those of the incident and with the same hypotheses as for
the simulations carried out by Honeywell (searagraphl.6.7.2.

The simulation results showed that all the ACSS standards triggered aheigs the conditions of

the serious incident. In these simulations, the PDA alerts were triggered more than 20 s before
the lowest point at 6 ft RA, i.e. at a distance of more than 1.6fi\ivh the runway thresholdand

at a heightabove270 ft RA.

22 Joint venture between L3Harris Technologies and Thales.
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It should also be noted that seMd f C[ ¢! a ¢ 9 wawibrLakerts lahd9thed £LTA
ac¢9Oww! Lb ! | 9warbingalért \vere|triggered in the last 15 s before tlwsvest point.

It can therefore be considered that no Airbus aeroplane equipped with an ACSS TAWS is impacted
by the abgnce of a PDA alert in circumstances similar to those of the serious incident.

Honeywell

Airbus estimated that approximately 600 aeroplanes still in service (around 500 A320s and
around100 A330s/A340s) could currently be equipped with a Honeywell EGRIWVS aisoftware
version earlier than-218-218, whichwill not triggera TAWS alert in the circumstances of the
serious incident.lt is difficult for aircraft and TAWS manufacturets estimate the number of
aeroplanes concernetlecause operators do not gsgnatically inform them of changes made to
their aeroplanes, and they may alsmake modifications covered by aupplemental type
certificate (STQ.

It should be noted that between 2004 and 2010, Airfuand Honeywef* conducted a
communication campaigiy means of nommandatory Service Information Letters (SIL), which
encouraged operators to upgrade their TAWS to more recent standanad to retrofit their
aeroplanes so that the GNSS information becomes the source for positioiaitag No retrofit
operation was conducted on 9BMU.

Today, m concrete terms these SIL are no longer really applicable due to compatibility reasons
and the technological jump between the older generation equipment concerned by the issue
raised by this serious @dident and the equipment currently produced. Today, aeroplanes can only
be modified on a casby-case basis, according to the level of equipment installed on board. For
example, retrofitting 9HEMU to a currently available standawhich would triggera TANS alert

in the circumstances of the serious incident would require an investneeailing a significant

cost for an operator.Indeed, such an operation would involve updating the TAWS software,
changing the hardware (MMR, ADIRU), modifying the FWfprogramming and modifying
the wiring.

1.6.7.4.2 Boeing

Boeing was also consulted during the investigation to determine the approximate number of
aeroplanes impacted by the TAWS issue raised by this serious incident. The aircraft manufacturer
was faced with the same dificulties as Airbus in providing a number, due to the fact that
operators are not required to inform them about the changes made to their aeroplanes, and that
they can also be subject to STC. However, Boeing estimated that, based on the information at its
disposal, around 1,000 aeroplanes in service could be equipped with a Honeywell EGPWS using a
software version earlier thar218-218, which would not trigger a TAWS alert in the circumstances

of the serious incident. Retrofit difficulties similar to thosentioned withrespect tothe Airbus

fleet in the previous paragraph may also be encountered.

23 Service Information Letter (SINp 34-080.

24 SIL D201504000056 in addition to the F8gecial Airworthiness Information Bulletin (SAIB) -BAL1
following the fatal accident to the Airbus A300 retgired N155UP and operated by UPS Airlines on 14
August 2013 at Birmingham Airport (Alabama, USA).
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1.6.7.5 SummaryregardingTAWS

f ¢KS | SNP LJX | fyh&iongd in9addotignce with its specifications and did not
trigger any caution or warning alerts during the serious incident.

T {dzo0aSljdsSyi az2FiolNB @GSNEA2Yya dzaAy3d Db{{ LJ2 a
¢cOww! Lbé¢ FfSNI&a Fd FNRdzyR wnn Fia w! o

1 The estimated numbeof Airbus and Boeing aeroplanes currently in service which use a
TAWS standard equivalent to that of ##MU (not triggering an alert in the circumstances
of the serious incident) was approximately 1,600.

1 Operationally, there is no mandatory requiremerd tipdate the TAWS standards of an
aircraft used in commercial air transport. As a result, an older aircraft can currently still fly
with the TAWS standard it had when it wasinufactured

1 The current certification standards applicable to TAWS do not recamy kind of ground
proximity caution or warning alert to trigger in the conditions of the serious incident, i.e. a
nominal vertical profile of 3° approximately 280 ft below the published vertical profile.

1.7 Meteorological information

1.7.1 Flight preparation iformation

The meteorological information available to the crew in flight file NSZ4311 dated 23 May 2022
regarding arrival at CDG was as follows:

Destination airport PARIS/CHARLES DE GAULLE RWY 08L 08R 09L 09R 26L 26R 27L 27R:

TAF 222300Z 2300/24086005K CAVOK TX19/2310Z TN10/2405Z PROB30 TEMPO 2300/2308
4000-TSRA SCT060CB BECMG 2306/2308 22010KT BKMORO 2309/2314 22015G25KT 2000
TSRA BKNO008 BKNO40CB BECR28G3/2315 28010KT BKN020 PROB40 TEMPO 2319/2323
25015G25KT 4000 SHRA BKNO012 SCT012CB=

The TAF message issued on 22 May at 23:00 and valid for 23fMagastmoderate to heavy
rain showers with reduced visibility to,@0m, broken clouds at 80ff and 4000ft and
cumulonimbus clouds temporarily between0® and 1400.

1.7.2 Weather conditions athe time of the serious incident

General situation

At ParisCharles de Gaulle airport, an unstable cold front was circulating in the morning and
moved away at approximately 13:€18:30, leaving behind a relatively inactivail end of a
depression The suth-westerly windsof the front were blowing in a west to norttvest direction

in the tail endzone. No lightning strikes were detected at CDG between 11:00 and 12:00, i.e. the
period during which the serious incident occurred.

TheMETARor CDG at 11:3a@nd 12:00 were as follows:

1 LFPG 231130Z 26008KT 9999 SCT016 BKN028 18/15 Q1001 RESHRA TEMPO 3500 SHRA

SCT060CB

At 11:30 UTC on 23 May at LFPG: wind direction 260°, wind speed 8 kt, visibility greater
than 10 km, scattered clouds (SCT, 3 to 4 oktas) withase at 1,600 ft AAL, broken clouds (BKN, 5
to 7 oktas) at 2,800 fttemperature 18 °C, dew pointemperature 15 °C, QNH 1001 hPa, recent
rain showers, temporarily a visibility of 3,500 m, rain showers, scattered clouds at 6,000 ft with
cumulonimbus (CB)
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1 LFPG 231200Z 29010KT 5000 SHRA FEWO010 BKNO15 BKN028 FEW050CB 16/15 Q1001
TEMPO 3500 SHRA SCT060CB
At 12:00 UTC on 23 May at LFPG: wind direction 290°, wind speed 10 kt, visibility 5,000 m, few
clouds (FEW, 1 adktas) at 1,000 ft, broken clouds at500 ft, broken clouds at 2,800 ft, few
clouds at 5,000 ft with cumulonimbus, temperature 16 °C, dew point temperature 15 °C,
QNH1001 hPa, temporarily a visibility of 3,56Q rain showers, scattered clouds at 6,000
with CB.

Precipitation radar image
Radar imagegan display areas of precipitation in real time, without providing any information
about their nature or their liquid or solid state.

The radar images centred on CDG at 11:40 and 11:55, corresponding approximatdigriothe

MSAWalerts were triggeredduring the two approachemade by9HEMU show rain showers in
the vicinity of CDG, with greater intensity during the first approach:

PGS 117.05
Ch 17

dBZ 8 16 20 24 28 32 36 40 44 48 52 56 60 64 68

mmv/h 0,1 04 06 12 21 36 65 12 21 37 65 115 205 365 649

Les valeurs en dBZ sont exactes.
Les valeurs en mm/h sont données
4 litre indhcafif.

Figure20: precipitation radar images at 11:40 and 11:55 (source: Météamnce)

Observations and measurements at CDG
Human observations made by the Météwance agent during the two approaches were

asfollows:

Time (UTC) Observ(er:)wsmlllty Observed phenomeng Cloud cover
11:31 15,000 NTR Overcast, CB
11:40 1,000 Shower Overcast, CB
11:43 1,500 Shower Overcast, CB
11:52 2,500 Shower Overcast, CB
11:56 2,500 Shower Overcast, CB
11:57 2,500 Shower Overcast, CB

The measurements on runway 27R for both approaches indicated a Runway Visual Range (RVR) of
more than 2,000 m.

All these measurements and human observations made by the MEtédace agent during the
two approaches showed that the weather conditions at CDG deteriorated, with the onset of a rain
shower and the associated decrease in visibility from 11:40raweghly coinciding with whethe
first approach ended an@H-EMUgot close to the ground.
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A rain shower was stiffresentduring the second approach, although this was less intense than
during the first approach, withraimprovement invisibility.

1.7.3 QNH variations over a 3tninute period

cC2tt2gAy3a (G(KS aSNRRMMS IMNEGA RESENIDAbY (HieSDIRE! diek
paragraph4.4), raised the questionof the feasibility and relevance of installing an aeroplane
system that would Eert pilots in the event of a marked discrepancy between the QNH used when
preparing for the approach, generally enteréd the FMS, and the QNH value provided by air
traffic control, which the pilots then enter in the altimeters to set the altitude on the

I S NE LIbybtehfs.Q &

In order to understand the natural variations in QNH and thus eventually establish an appropriate
alert threshold, MétéeFrance conducted a detailed study on QNH variations over-mifQte
period, based on METARessagalata. The Eglish and French versions of this study are provided

in Appendix 2

In order to be as broad and comprehensive as possible, the database included all the METAR
availableworldwide for the year 2022)essthe METAR that could not be used (coding or date
issue, no QNH value or QNH valjoéedto the previous/next group, etc.). The study retainigd

total 38,877,820 METAR from approximately 3,700 airpottsoughout the world®,
representing97.9®@o0f the total METAR database for 2022.

The study showed thaQNH variations over a 3finute period are generally low, and that
the QNH value is a very stable parameter:

- no QNH variation in 70.960f cases;

- 0 or 1 hPa variation in 99.%70f cases;

- 0to 2 hPa variation in 99.9930f cases;

- 0to 3 hPa variation in 998%%00f cases;

- 0to 4 hPa variation in 99.99%0f cases.

With regard to marked QNH variations, i.e. variations greater than or equal to $rep@senting
approximately 2,700 METAR), the study showed that ofhyoBthese casewere due toa natural
meteorologicalphenomenon the remainder being@xplainedby:

- a human error when transferringthe QNHto the METAR, wherthe QNH wasnot
automaticdly transferred (approximately half of the METAR in the database). In
particular, digit transposition errors were highlighted, as well as peaks in the number of
errors around values of 10 and 20 hPa

- aground pressure sensor failure.

In the event of a natral meteorologicaphenomenon marked natural QNH variations over a-30
minute periodcanoccur:
- when organised storm systems are present (mainly in the United States, but potentially
anywhere in the world);
- when a cyclone is present (tropical zodeine to November in the Northern Hemisphere,
November to May in the Southern Hemisphere);

25 1t should be noted that, given the distribution of these airports, this database tends to represent the
climate in the midlatitudes of the Northern Hemidpere.
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- during winter storms (airports located at latitudes above 50°);

- in situations of strong winds over the terrain (mountain airports or airports close to
mountainous aras).

The study also established that the natural meteorological variation in pressure never
exceededll1 hPa over a 3ftnhinute period in 2022.

1.8 Aids to navigation

1.8.1 General information on the different types of IFR approach and their
specificcharacteristics

1.8.1.1 History and context associated with the development of BakiNAVapproaches

The development of landing aids began in the 1920s using radio aids providing lateral guidance
only, with systems such as Ndirectional Beacons (NDB). It then expanded with lipeed (LOC)

and VHF OmrRange (VOR). These systems provided and continue to provide lateral guidance
data for nonprecision approachesThe dscent slope (and therefore vertical profile) was
managedby pilots using their barometric altimeter ariyy sight The applicable miniméor these
approachesvere relatively high

At the same time, Instrumenrbased Landing Systems (ILS) developed, providing vertical guidance
(Glide Slope) by means of a radio signal received from an antenna on the ground, in atiition
the lateral guidance provided by the LOC. ILS systems thus created the concept of Precision
Approach (PA), which is better suited to operations in adverse weather conditions, as opposed to
the NonPrecision Approach (NPA), which does not provide vdrgeadance. Howeveras ILS
systems are expensivi® buy and maintainpbulky andhave numerous installation constraings

they were only installed on certain QFU at tlaegest airports.

Therefore, until the 1970s or thereabouts, ti@&IT riskluring non-precision approaches due to
incorrect altimeter setting (among other things) was high. It was nevertheless toleratethe
context of the overall safety requirements of the time. Commercial air transmgnificantly
developedover the decades thafollowed, and societal expectationsvolvedboth in terms of
safety andairport accessibilitynot being affected byweather conditions ILS installations thus
becamewidely used, becoming an equipment standard worldwide even to this present@iage

the associated vertical guidance is based on a ground radio source, the vertical profile and
associated vertical guidance are not affected bicorrect altimeter setting or
temperaturevariations

In the 1980s and 1990s, the development of Flight Managem@&ystems (FMS) and the
introduction of the Global Navigation Satellite Systems (GN8&Je it possible to use satellite
basedarea navigatio(RNAV) This initial concept of Required Navigation Performance (RNP) was
taken up by ICAO in the 2000s in the Berfance Based Navigation (PBN) manual, doc 9613.
Initially implemented en route and in terminal manoeuvring areas (TMA), satblised
navigation was then applied to all phases of flight, including final approaches.
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ICAO then created ra approach procedre category to supplement NPA and PAApproach
Procedurewith Vertical guidance (APV), using the BawdAV function or SBAS systeétAPV
offered vertical guidance, but without the vertical guidance performance oftyp& precision

approaches. They fditated the replacement of the Dive and Drive technique by the Continuous
Descent Final Approach (CDFA) technique.

BaroVNAV approachesaveplayed a major role in improving safety and continue to dacstay,

as they reduce the risk of collision withethground in the absence of a precision approach
procedure and on runways without radionavigation equipment, by providing vertical
guidanceinformation.

1.8.1.2 Types of IFR approagbroceduresand operations

1.8.1.2.1 NPA, APV and PA

APV proceduresdiffer from nonprecision approaches in that they take into account vertical
guidance of the aircraft, and from precision approaches in that they are not compatible with
Decision Heights (DH)qual to orless than RO ft due to the vertical guidance penfmance (DH

of APVislimited to 250 ft).

There are two types of APV: BavdNAV APV (using barometric vertical guidametiedRNP APCH
down to LNAV/VNAV minimin the ICAO PBN Manyeand SBAS APV (using satellite vertical
guidance calledRNP APCH down LPVminima (Localiser performance with vertical guidande)
the ICAO PBN Manyel

The PBN also introduced RNP APCH procedures with LNAV minima, which only take into account
the lateral guidance of aircraft. They are therefore associated withmr@tision approaches.

It should also be noted thah the 2010sRNP APCH procedures to LPV minima benefited from an
improvement in the performance of SBAS systems, some of which can offer a DH downfto 200
These procedures are generally called LPV 200 BASSCAT |, and are associated with
precisionapproaches.

Lasty, ICAO introduced the concept of Type A and Type B instrument approach operations, which
wastaken up bythe European Union Aviation Safety AgeneABAin 2021:

- aWide s ! Ay a G NozYSSW s dndngtnBnk &pproach operation with a
Minimum Descent Height (MDH) or a Decision Height (DH) at or abov#;250
- aWieLlsS . AyaidNYzy S yisian bpedatb®@wittOakDH Ddldsy R0 THeygé Q

broken down into the following catgories
0 (a) Category | (CAT I): DH not lower than 200 ft and with either a visibility not less
than 800m or an RVR not less than 560
o (b) Category Il (CAT II): DH lower than 0t not lower than 100t, and an RVR
not less than 300n.
0 (c) Category Il (CAT I1ll): DH lower than #00r no DH, and an RVR less than
300m or no RVR limitation.

26 The WAAS system was certified in 2003 in the United States, while EGNOS was certified in 2011
in Europe.
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1.8.1.2.2 2D or 3D operations

Airborne navigation systems were initially limited to receivest signals transmitted by
conventional radionavigation means. As a result, pilots only had, and used, lateral guidance
information fornorLINSE OA &A 2y | LILINR I OKS&ad Ly GKA&a O2y(SEGE

t NEBOAaA2y | LILINRIFOKSa FyR !'t+ax 3IAGSY (KASAYWE £¢0S NI
which additionally offer vertical guidance. The introduction of the BeMAV function made it

possible, subject to specific coding in the FMS databases, to conduepreaision approaches

as3D operations, using barometric vertical guidance infation derived solely from the

I SNR LX | y S dch asandAPBBato¥YNAV. Nowadays, most modern aircraft used in
commercial air transport havéhe BaroVNAV capabilityTherefore, norprecision approaches
(conventional or RNP APCH down to LNAV minimay be conducted as 2D or 3D operations

when using Bard/NAV

1.8.1.2.3 Augmentation systems and RNP approaches

The common factor betweemll RNP approaches is that they use the GNSS system. The use
of GNSS for approach operations requires enhancing the accuracygdity of the positioning
provided by a satellite constellation.

Twoaugmentationsystems are available for RNP approaches:

- AircraftBased Augmentation System (ABAS): this airborne system detects and rejects a
satellite with a faulty signal,

- SatelliteBased Augmentation System (SBAS): this system measures the offset between
the actual positions of a network of ground beacongdaheir positions calculated by
a GNSSsystem andtransmits this information via satellite to aircraft t@apply position
correctiors. The SBAS system is not available everywhere in the johtdmost of
Europe,SBAS is provided through the EGN@&ice(see paragraph 1.8.4.1)

RNP APCH operations down to LNAV minima and LNAV/VNAV minima can use either an ABAS or
an SBAS system. RNP APCH operations down to LPV minima can only use SBAS augmentation
systems, as only these systems provide sufficiemtical position accuracy.

There is also the Grouddased Augmentation SysteniGBAP which provides differential
corrections andnonitors GNSS data integrity using the satellite signals received by several ground
antennas on a given aerodrome. The diffntial correction message calculated from this data is
then transmitted omnidirectionally by a ground transmitter using a VHF broattgptquency.
Equipped aircraff can then carry out GLS (GBAS Landing System) operatidnish are
alternatives tolLSand LP\approaches|n Europe, only a few aerodromes amarrently equipped

with GBAS(CDG is nobne of them) and few procedures are publishe@BAS is not part of

the RNPas perthe ICAO PBN concept

27 In the first quarter of 2023, according to Eurocontrol data based onctiygabilitydeclared in flight plans
within the EuropearCivil Aviaton Conference (ECAC) area, 8% (15% for scheduled flights) of aircraft were
declared GBAS, handling 11% (13%) of flights.
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1.8.1.2.4 Requirements for RNP approaches

As for any opetion covered by the PBN concept, the following requirements apply when
conducting a published RNP approach in Europe:
- the aircraft must have the specified equipment for this type of operatifor which the
operator ensure the airworthines%
- the operabr must havedefinedappropriate operating proceduréy
- pilots must be trained and hold PBN privileges, which is now systematic in Europe for all
pilots holding an instrument rating (IR), in accordance with Regulation (EU) No 1178/2011,
ly2¢6y la &&!Lw /w92
1.8.1.2.5 IFR approach minima
The minima for landings, definddr & GKS aF SNBERNRBYS 2LISNI GAYy3T YA
usability of an aerodrome for a crew, expressed in terms of:
- visibility and/or RVR;
- Minimum Descent Altitude/Height (MDA/H) for 2D operations, below which a descent
must not be conducted without theequired visual referencg
- Decision Altitude/Height (DA/H) for 3D operations, at which a missed approach operation
must be initiated if the visual referenserequired to continue the approach has not
beenacquired

The MDA/H or DA/H is determinely the air operatof! using several criteria and must
correspond to the maximum of several values, in particular the Obstacle Clearance Height (OCH)
and the lowest minima permitted by the instrument approach operation (tlosvdst DH
permitted for a Category | ILS approach or an RNP APCH down to LPV minima is 200 ft. The
lowestDH permitted for an RNP APCH down to LNAV or LNAV/VNAV minima as well as for a LOC
or a VOR/DME approads 250ft).

The OCH is determined when estiahing the approackprocedure. The method for calculating it
varies according to the type of approach operation (NPA, APV, PA). Margins are greater for NPAs
than for APVs, and greater for APVs than for PAs.

For example, and according to the Aeronauticdbimation Publication (AIP), for runway 27R at
Paris CDG and for Category C aircraft (which includes the Airbus A320), in the context of RNP
APCH operations down to:

- LPV minima (antLS CAT):Ithe DA/DH is 600/200 ft for an OCH at 180

- LNAV/VNAV minia the DA/DH is 750/360 ft for an OCH at 3§8

- LNAV minima: the MDA/MDH is 880/490 ft for an OCH at 484 ft.

2 See Regulation (EU) No 965/201QAT.OP.MPA.126.

29 Some specific operations, such as approaches with authorisation required (RNP ARn&ReGapproval

by the operator, in accordance with Regulation (EU) No 965/203PA.PBN.100. This is not the case for

the RNP APCH operation down to LNAV/VNAV minisea by the crew during this serious incident, which

Aada F aadlyRFNRE | LILINRI OK®

30 According toamended9 dzNR LISy wS3dzf | GA2Yy 09! 0 b2 dcpkandimu 01 Y2
particularpoint CAT.OP.MPA.110 and its associated AMC and GM

31n this respect, the French aeronautical informatipublicationdirectly providing an MDA/H or DA/H in

addition to the OCH isnusual
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The RVR isbased onseveral parameters, includinthe DH/MDH, which in turn depends on
the OCH. Thughe lower the OCHhe lower the minimum RR authorised for the approach

1.8.1.3 Vulnerability to dtimeter setting

The different types of approacbperations have adescent profilethat may or may not be
affected by an altimeter setting error. In threst of the report,the approaches where thdescent
profile is affected by an altimeter setting erravill be referred to asbarometric approaches ", as
shown in the red box in the tde below:

APV -
Precision Approach

PBN Conventional
GBAS S
RNP APCH Navigation

Conventional PBN
Navigation RNP APCH
VOR - VOR/DME NPA GNSS

NDB - NDB/DME

LOC - LOC/DME LNAV

ILS

GLS PAR

Operated 1n 2D or 3D (with the
use of Baro-VNAYV)

Vertical profile impacted by altimeter setting! Vertical profile not impacted by altimeter setting

Figure2lY &adzYYIFI N® GlFo6fS FNRBY 9!w ht{ odzZ t SGAY HAHOUY
settings during APV BadNAV and nokJNS OA A 2y | LILINR I OK 2LISNI GA2yaé
EUR/NAT Regional Office iyJ2023

TheBaroVNAV functionwas not designedto be an autonomous approach and landing system,
and vertical guidance is based solely on data internal to the aircraft, in particular the barometric
altitude, which depends on the altimeter settind.hus while 2D approach operations are
systematically particularlyulnerableto altimeter setting erros, carrying out a 3D approach
operation does not mean less exposure to this danger, since those based on the/BAkKkO
function are just asulnerable

In cantrast, ILSapproactes, or approaclks based ona navigation performance augmentation
system (GBAS or SBA&re lessvulnerable to altimeter setting erros because the vertical
guidance and therefore the descent profile comes from a source outside thetii{signal from

a ground radidransmitter or satellite signal) independent of the altimeter setting.

The actual altitude of the aircraft at the decision altitude read by the crew is nevertheless
affected in all casé€dby an altimeter setting error and can lead to hard landing type events.

82 excluding CAT Il/11l operations where only the radio altimeter height is used for minima.
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1.8.2 Development of APV Bar¥NAV approaches: regulatory framework and
safety assessment

1.8.2.1 ICAO PBN concept, specifications and development plan

The PBN concept is presented in the ICABNPManual. This navigation method relies on
performance requirements which cover, in particular, the aircraft, the crew, dasign of
procedures, or the performance of navigation signals capable of supporting the operational
performance required in a gén airspace. These requirements establish accuracy, integrity,
continuity and availability conditions for the navigation function.

Annex 10 to the Convention on International Civil AviattoAeronautical Telecommunicatioffs
describes the performanceequirements for GNSS systems, in particular those intended to
provide horizontal guidance for RNP approach operations (whatever the minima) as well as
vertical guidance for RNP approach operations down to LPV minima.

For GNSS systems, the integnitgk, which determines their ability to provide timely warnings
when the system can no longer be used safely, is set at 2'kapProachfor lateral guidance
associated withRNP APCH operations down to LNAV/VNAV and LPV miamdafor vertical
guidance assoated with RNP APCH operations down to LPV minimly. It does not take into
account operational hazards suchiasorrect altimeter setting.

Supplement B to Volume | of Annex 10 sets out a strategy for the introduction and use -of non
visual approach anthnding aids. This strategy is not prescriptive regarding ILS, their retention or
removal. In addition, it recognises thaGNSS$ased approaches providing lateral and vertical
path guidance may offer a cosffective option when considering introductiaf Category |
approach service or when replacing or removing an existing da& that this must take into
account User equipment

One of the objectives included in ICAO Resolution-ABadopted in 2011 was to encourage the
development of PBN approackein particular with vertical guidance. This resolution stipulates
that all instrument runway ends or all runway ends serving aircraft with a maximum certificated
take-off mass of 5700 kg or more should have approagperationswith vertical guidance, wére
possible. This objective was considered as a lever for reducingCEie& riskn relation to the
existing situation, in which some of these runways were provided with NPA procedures only. This
resolution alsostipulates thatiICAOwill develop a safetyassessment methodology qsrt of the
informationto be made available to States.

During the investigation into this serious incident, ICAO informed the BEA that it had not
developed this assessment methodology.

33Doc 9613 (fourth editiorr 2013); version in force on the date of the serious incident.
34 Seventh edition (2018); version in force on the date of the serious incidefee Table 3.7.2:% in
Volume I.
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1.8.2.2 Development ofBaro-VNAVfunction

The introduction of the FMS on board aeroplanes opened up the possibility of continuously
providing vertical navigation (VNAV) information based on barometric information: this
corresponds to the BarYNAV function. The initial goaf this new function was to optimise fuel
consumption by making continuous descents. This capability was recognised in particular by
the FAA in 1988 with the publication of circular ACZZ¥®.

During the decade that followed, the higbFIT riskassociated with nofprecision approaches
without vertical guidance led the international aviation community to recommend and then
require continuous descent, including for final approaches, using the CDFA flight technique. The
use of the BareVNAV function was therefore also extded to final approaches.

To this end, in 2001, ICAO introduced criteria specific to ®NAV inthe doc 8168PANSOPS.
These criteria were subsequently amended by introducing specific performance hypotheses in
addition to those defined in AC229. In the 12" amendment to PAN®PS Volume Il on
procedure design, published in 2004, a new method for calculating obstacle clearance margins in
the OCH calculation was defined for RNP AEGWn to LNAV/VNAV minimaAs PAN®PS are
based on normal operationsthe threats inherent in the BarW¢NAV function, such as an
erroneous altimeter setting, were not taken into account when this method was introduaed

the reduction in minima for these approaches did not give rise to a safety study by ICAO.

The PAN®PS mention the risk @ficorrect altimeter setting and the fact that some operational

protection measures are nagffective ¢! y Ay RS LISY RS y-check Which iy &l ONEP a
for ILS, MLS, GLS, SBASIAPAT | is not available with AP\&m-VNAYV since the altimeter is also

the source on which the vertical guidance is based.

However, the PANB t { & LJS Ovitiadion of Kltinieterdfailures or incorrect settings shall be
accomplished by means of standard operating procedures simithiose applied to noiprecision

I LILINE | OK  |Jn@ SufpReamniSAatd the ICAO PBN Manual, fourth edition, specifies that

control of the risk oincorrect altimeter settinR S LISy Ra 2y LAt 234Q (y26f SR3

Performance criteria for verticalujdance of RNRAPCHoperationsdown to LNAV/VNAV minima
were described in Supplement A to Volume Il of the fourth edition of the PBN Manual, published
in 2013. However, these criteria were based on FAA A22)(published 12 September 19&8)d
withdrawn 8 May 2012) and werthus obsolete.Edition 5 of the PBN Manual published in 2023
no longer proposes any BatdNAV performance criteria.

There are currently no performance criteria for BarblAV systems used for RNP APCH
operationswith LNAV/VNAV minima in ICAO documentation.

Furthermore,ICAOhas notfixed the integrity risklevel applicable to Baré/NAV systems used
in RNP APCHdperations down toLNAV/VNAV minima. However, various studies show that the
integrity of data manipulated by humans is limited and cannot reach @¢kpectedorders of
magnitude for integrity comparable to GNSS systems used for approach guidant@’ (
per approach)

SShttps://www.faa.gov/requlations _policies/advisory circulars/index.cfm/go/document.information/docu
mentid/22188
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Aside concerning the United States

It should be noted that the United States is one of the countries with the highest number of
publications regarding RNAPCH operations down to LNAV/VNAV minima. Industry, associations
and the authorities strongly pushed for the development of BEfAV. Few noticeable events
associated withlincorrect altimeter setting were reported. When questioned about the reality of
the operations conducted, the Federal Aviation Administration (FAA) indicated that there was no
monitoring of the types of operations conducted by the crews. However, it indicated that, where
available, ILS approaches are still preferred.

It is importantto bear in mind that the context and organisation of airspace in the United States
differ substantially from those in other parts of the world, particularly in Europe. Comparisons
may therefore bdnappropriate and discussions at international level mtaske these differences
into account. With regard to the United Statebeseinclude

1 The altimeter setting given as inches of mercunyHg), not as hectopascals (hPa).
Standard pressure at 1013 hPa corresponds to 2h32y Altimeter settingin the United States
therefore generallyvary between 28.XX and 30.Xi Hg with 29.XXin Hg being the most
common value.

The most common error observed in Europe of £+ 1 on the second digit (+ 10 hPa, see
paragraphl.18.1.9 thus corresponds to an error of one tenth of an inch of mercury on an
altimeter set to the US setting (e.g.: 29.82 29.92), which only offsets the altitude by
around100ft. Having an erroequivalent to thatin the 9HEMU serious incident would mean an
error of three tenths, which is much larger, easier to detect and therefore less frequent (see
paragraphl.18.1.3.

Ly FRRAGAZ2YS t20Ff 08 aKiA DEtke® B0 XOGHY altdBEr Bfth v R dza
Iy Powgr 6 S T 2 NI Hdaltimeterdsetting to limit substantial errors.

9 Transition levelof FL180, and the altimeter setting providea eoute by the controller
during the descent.
This high transition level generally means that tladtimeter settingis changed fronthe STD to
the local referenceduring a lowworkload phase for the crewompared with FLO8®L050, which
is the transition ével generally used in Europe. This also gives the crew and controllers more time
to identify any altitude deviation.

1 The language used (English) is the mother tongue of air traffic controllers and of a large
proportion of pilots, thereby reducing thask of transmission errors, redaack errors or
incorrect information not being detected.

Page63/ 153

The BEA investigations are conducted with the sole objective of improving aviation safety and are not intended to apaor¢ian b
liabilities.



1.8.2.3 European specifications for RNP approaches

In 2009, EASA published AMC -Z®* on RNP approach operations down to LNAV
and LNAV/VNAV minima, which contained the following criteria:
- use by controllers of a phraseology appropriate to RNP APCH operations
- 2 Y i NRKndwedgB o the aircraftQ & NAV capability, as well ad the spediicities
associated withthe altimeter setting andthe temperature effect potentially affecting
the APV BARONAYV operation
- RYUNREESNEQ O2yFANNIFIGAZ2Y 2F GKS vbl gAGK T
approach, in order to minimise the potentialrfmisssetting a barometric referenge
- necessity for air operators to highlight, by means of procedures and crew training, the
importance of having a correct altimeter setting. A crew training syllabus was proposed,
including items specific to the BaMNA/ function, such as requirements in terms of
currency, accuracy and integrity of the altimeter setting, as well as recommendations on
when and how to change the altimeter setting or on the fact that altitude/distance checks
do not detect such errors.

For the most part, these provisions were progressively integrated into various regulations,
includingamendedw S3dzf F 1A2y 69! 0 b2 dcpKHDAMAropetaffiorssy | &
amendedRegulation (EU) 2017/373 (known as AAMS IR) regarding air naviigm services and

the Certification  Specifications for  Airborne  Communications, Navigation and
SurveillancdCSACNS), and AMC 27 was finally repealed.

It should be noted, however, that thissueof incorrect altimeter setting, which had been clearly
identified and highlighted in AMC 287, was diluted in all these regulatiorsnd nocontexiual
information was givenFor example, the following can be observed:

- the need for controllers to confirm the QNH with flight crews prior to commencement of
the gpproach in order to minimise the potential for missetting a barometric referenge
was not included in the ATMNS IR (segaragraphl.17.1.3.4;

- the necessityf havinga correct altimeter setting in the context of a BaviNAV approach
due to theCFIT riskvas not included inhe AIR OPS

- the information that altitude/distance checks do not detedcorrect altimeter setting
was not included irthe AIR OPS.

1.8.2.4 Eurocontrol safety assessment of APV BaVvdlAV approaches

In 2010, Eurocontrol carried out a safety assessment on AP\AB@Y approach operations. The
change considered was the introduction of APV Bé@MAV operations on a runway for which
an RNP APCH operation down to LNAV minima had already been published.

The report on this safety assessment has not befitially validated or published by Eurocontrol.
Only a draft version of this report exis@ndthis was made available teeveral orgaisations.

The safety study considered various scenarios, including the case of an ARVNB&Woapproach
conducted with an incorrect altimeter setting. TH&FIT riskand of an error not being detected
was clearly identified throughout the study; for exalap72 altimeter setting incidents, reported
by operators to the Civil Aviation Authority of the United Kingdom between February 2009

36 Airworthiness Approval and Operational Criteria for RNP APERRIO/RNP APCH) Operations Including
APV BARQ'NAV Operations
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andFebruary 2010, were analysed. Eurocontrol proposed a number of additional
safetymeasures:
- communication ofthe ATIS ad QNH information by the crewo the controller prior to
commencement of the initial approach
- reminder of the QNH by the TWR controller or AFIS on first contact
- raising the transition altitude to allow the crew to set the QNH during a phase when the
workload is lower than during the approach, and to give them more time to detect any
incorrect setting
- using the radio altimeter as a means of identifying a QNH error if the terrain is flat before
the runway.

The study concluded thathe altimeter setting is essential for APV BarblAV approaches, that
the frequency with whichncorrect altimeter setting occur in APV BatdNAV approaches should
be similarto that of NPA approaches, and that APV BY®MNAV approaches do not provide any
safety benefit in this specific case, as both types of approach are eqaéffibcted by
settingerrors.

1.8.2.5 PBN deployment plans in France and Europe

To comply with ICAO Resolutio®AL1, the French civil aviation authority (DGAC) published its
PBN implementation plan in 2012. The plan drafted by the DGAC contained, ghedium and
longterm objectives. In the long term, the aim was for aircraft to be equipped with avionics
enabling them to carry out CAT | SBAS approaches using RNP APCH operations down to LPV
minima, which represents the only recognised solution equivalent t@iL&LSn terms of safety

and performance.

In 2015,via the Notice of Proposed AmendmemMPA 20181, EASA proposed regulations for
implementing Performance Based Navigation (PBN) in the European Air Traffic Management
Network (EATMN). With regard to approach operations, the proposed provision was that air
navigation service providers and aerodrome opefdid A Y LIPBNYaSpyoach procedures with
vertical guidance (APV) at all instrument runway ends where there are currently only non
precision approach procedures published before January 2024.

The associated safety impact assessment (included in Rsice of Proposed Amendment
NPA201501) was limited to this specific transition and did not consider the differences in
relation to precision approaches. It concluded that the introduction of APV appropehations
(whether SBAS or BaldNAV) would allowharmonisation of the approach types, a better
separation from obstacles and an improved pilot situational awareness compared te non
precision approacloperations Thevulnerability of BareVNAV approaches tmcorrect altimeter
settings, which was not a dasive parameter given the change considered, was neither studied
nor mentioned in the NPA. The regulatory impact assessment carried out by EASA concluded that,
from a global point of view including safety, the proposed provision was, just like the ragulat

as a whole, preferable to the regulatosyatus quo.

Opinion 10/2016 published by EASA confirmed the objective and conclusions of NPA12015
while bringing forward the application date to 2020 instead of 2024.

Commission Implementing Regulation (EU) 2018/1048 of 18 July 2018 laying down airspace usage
requirements and operating procedures concerning performabased navigationknown as
GRPBN 0 OF YS Ayid2 F2NOS Ay HAMy D
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In addition to the topics discussed and analysed in the preceding REL5-01 and
Opinion10/2016 G KA & NXB3IdzZA I GA2y YIRS AG YIYyRIFIGaNBET 0S7
all instrument runway ends, approa@rocedures in accordance with the requirements of the RNP
approach (RNP APCH) specification, including LNAV, LNAV/VNAV and LPVdninima 2 NB 2 @S NE
I NG AOES p 2 FExdAUSIG use®fP&M I @A AYIdza & § Sa § KIPibliders NBY 15 ¢
of ATM/ANS shall not provide their services using conventional navigation procéduies

This last requirement was introduced at the very end of the regulatory process during comitology
YSSGAY3IA dzy RSN GKS | S3Axa 2 T infon&tiondghtheyed frén { | @ €
the DGAC French representatives in this comitology suggests that there were two main reasons
for this requirement:

- it was expected that it would encourage air operators to equip their aircraft with systems
enabling them to condet RNP APCH operations down to LPV minima, if they wished to
maintain a level of accessibility comparable to that which they had W& CAT I.
However, neither EASA nor theiBpean Commissionat that time* communicated on
this aspect during consultatics with air operators

- the withdrawal of conventional aids such HsS CATdhould result in substantial savings
for ATM/ANS providers, and consequently for air operators.

The introduction of this provision did not give rise to a specific assessmétst iaipact on safety
before the regulation was adoptedhor did it give rise to the definition adriteria to adjustthis
provisionif the development ofthe LPVcapability wasnot as expected by 2030he European
Commission and EASA inform#we BEAduring the course of the investigatiothat since2021,
EASAhas been monitoringhe evolution of aircraft PBNcapabilitiesin Europe including LPV,
through Eurocontrol review®n the basi®f declaredcapabilities irflight plans(seel.8.4.2.3.

It finally should be notedhat EASA has subsesntly clarifiedthe provisions of the regulation

with regard to GBAB Approach operations supported by GBAS landing system (GLS) CAT |
facilities are not within the scope of the PBN IR, so they are not affected bgdtnetions, and

can continue to be used after the referred to deadkne

1.8.3 Rationalisation of radionavigation systems and withdrawal of ILS

In Europe, the national PBN plans drawn up before the publication oflIR@BN included an

initial reflection on the rationalisation ofadionavigationmeans. Fom 2012, the document
SYGdAGt SR aCNIryOS t.Db tftlryeé &dal (I8ng tednA(aitér 2028 3 I NR
the end of deployment of the European constellation (Galileo) associated with version V3

of EGNOS should allow the use of satellite resources alone for aircraft navigation to be
consolidated and made thoroughly reliable. Tipisase should thus allow for a further step in
rationalisation of the navaids network defined hitherto (ILS, VOR and DME).

¢KS NBIdzZ I GA2y LINROJARSE T2 NJduk goerrdirg bStacles2of air $raffR Y LIG A 2 y
separation conditions, the implementation of 3D approach procedures is excessively thffcul | yaR H 0 &
instrument runway ends without an appropriate SBAS covegage.

38 An exception is made for CAT II, CAT IIIA and CAT IlIB operations.

39 Since the publication of the {RBN, EASKaspublishedinformation about the regulation, in particulato
encourageoperators to equip their aircraft withthe LPV capability irorder to maintain a level of

accessibility comparable to ILS CAT I.
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In practice, the DSNA, as the main air navigation service provider in France and therefore the
main organisation historically respsible for operatingradionavigationmeans, rationalisedLS

CAT |, in parallel with the deployment of RNP approach operations, particularly those down to LPV
minima. As a result, the number tfS CATih the country fell from 116 in 2011 (in 79 airports)

to 64 in 2016 (in 37 airports). In addition, management of part of the remaitli&ggCAT was
transferred to aerodrome operators (see aerodromes in green Fgure 22). Aerodromes
wherelILS CAT s$ystems were removed are those with the lowdstvel of commercial air
transport traffic.

& : 3. ‘ 'z
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Figure22: ILS CATretwork before 2011 (left) and after 2016 (right) in Metropolitan France
(source:DGAC)

1.8.4 Development of SBAS capability to conduct RNP APCH operations down to
LPVminima
Whether a rated crew can conduct an RNP APCH operation down to LPV minima depends on the
following conditions:
- this type of operation must exist in the QFU in questidmis means that an SBAS
augmentation system (segaragraphl.8.1.2.3 must be available in the geographical area
in question, and that the environment must be suitable for tdesign of this type
of operation
- tKS FSNRLX I ySQa yI @Al (A prolide ASBAS) gudancy daitie o6 S
horizontal and verticaprofiles;
- LPV capability must be available on board the aeroplane. Indeed, if it is not certified for,
or does not havehe LPV capability, an SBA§uipped aeroplane will not be able to carry
out this goeration.

1.8.4.1 Development of SBAS augmentation systems

Several States or regions in the world deployed their own Satddliteed Augmentation
SystemgSBAS). These systems are compatible and interoper@le European SBAS, known as

the European Geostationary Navigation Overlay Service (EGNOS), was implemented in 2011 and
covers most of the European Union (EU), as well as some neighbouring countliescons,
especially thanks to the European Galileo Global Navigation Satellite System (IENI&&)Id be

noted thatthe EGNOS areas f@wPVoperationsdo not cover the totality of the single European

sky, i.e., the airspace where Regulation (EU) 2008801RPBN applies
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The figure below shows the development of SBAS around the wo2623
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Figure23: representation of the areas covered by the various SBAS systems already
deployed or under development around the woild2023
(source: European Union Space Programme AgeridySPA)

1.8.4.2 Development of LPV capabilitior aircraft

1.8.4.2.1 Deployment of LPV systems at Airbus and Boeing

Airbus uses the SBAS landing system (SLS) function to conduct RNP APCH operations down to LPV
minim&® when approved by national authoritiesThe SLS function has been available as a
forward-fit option for aircraft rolling out of the factory since:

- 2014, on A350s;

- 2021, on the A320 Family;

- 2022, for A330s and A380s.
Moreover, the A220 Family also comestihe LPV capability as standard.

Airbus indicated that a retrofit operation was possible for aeroplanes not initially equipped with
the function. However, depending on the age and serial number of each aeroplane, retrofit
operations may require replacingany equipment items (in particular FMGC, MMR, EFIS), which
is costly.

Airbus indicated that, at the end of 2022ss than 50@eroplanes out of the total Airbus fleet in
service (comprising approximately 10,000 aeroplanes) were equipped with the uBt&orh.
Around 7@6 of A350 customers had decided to equip their aeroplanes with this function.
Nevertheless, the recent availability of the SLS function means that the level of deployment is still
low on A320 and A330 fleets.

40 When selecting an RNP APCH operation down to LNAV or LNAV/VNAV minima on the FMS, the Airbus
aircraft, even if equipped with the SLS function, will conduct the approach with the-B&#dy/ function,
thereby with barometric vertical guidance.
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On the date of publication fothis report, Boeing had no certified function on its fleet to
conductRNP APCH operations down to LPV minima. Boeing was contacted during the
investigation. The manufacturer indicated that it was in the process of certifying an LPV function
as part of tle development and certification of thBoeing777-9 (which will be available for the

entire Boeing777X family once completed), and as part of the certification of the
Boeing737MAX10 (which will be available for the entire8ing737MAX family once comgied).

Boeing also indicated it was looking into the possibility of providivegLPV capability on other
models in its fleet.

1.8.4.2.2 Deployment status of LPV capability

Each quarter, Eurocontrol publishes on its Extranet, siteeport on the PBN capability of aircraft
in Europe, based on the information declared on flight plans. During the investigation, the BEA
consulted the report for the first quarter of 2023:

- in Europé!, 26% of aeroplanes were declared with LPV capabilityese aeroplanes
represented 10% of flights1¢t necessarilyincludingRNP APCH operations down to LPV
minima each time). These values were broken down as follows:

0 3% of aeroplanes conducting scheduled flights were equipped, representing 4% of
these fligts,

0 49% of aeroplanes involved in other types of civil operations were equipped,
representing 42% of these flights

- data was also given for the main European airports. For example, at the three French
airports for which details are provided:

o0 ParisCharlesde Gaulle (LFPG): 4% of aeroplanes were equipped, represé&fting
of flights,

o ParisOrly (LFPO): 3% of aeroplanes were equipped, representing 4% of,flights

o Nice/ $ S RQ! T dzptlof agraplanes) Were equipped, representing 21%
of flights.

All thesefigures tend to confirm the difference between commercial aviation (few equipped
aircraft) and IFR general aviation or business aviation (aircraft equipped to a greater extent) in
terms of LPV capability.

1.8.4.2.3 Strategies to encourage LPV deployment
As things sind in Europe, the strategy is to promote LPV equipment on aircraft to operators. The
arguments put forward are accessibility and safety.
1 ICAO Annex 10 sets out the global strategytfa introduction and application of non
visual aids to approach and RmA y 3> 2y S St SY Prfrilote2h€ usg 6f ARVK A a
operations, particularly those using GNSS vertical guidance, to enhance safety
and accessibility €
f In the forewordof the IRPBN regulation, the European Commissexplaired i K I[the &
use of satellitebased augmentation systems (SBAS), in particular in the form of the
European Geostationary Navigation Overlay Service (EGNOS), should be promoted, as
safety and cosefficiency casiderations support the establishment of localiser

41 Eurocontrol takes into account the ECAC (European Civil Aviation Conference) area. According to EASA,
the values applicable to the EASA Member States to which #RBIR regulation applies were, ftre first
quarter of 2023: 35% of declared aircraft with LE&pability, operating 10% of flights.
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performance with vertical guidance (LPV) minima approa®tise European Commission
specifiedto the BEANhat it offers incentives for aircraft to be equipped with SBAS through
the EGNOS program and tl®nnecting Europe Facilitystrument

1 EASA explaineid 20220n its websitethat dConsidering that, as of 06 June 208 CAT |

approaches will only be used in case of contingency, aircraft operators should consider
equipping their aircraft withthe LPV capabilityj.

At the time of writing this report, no measures existed or were under consideration to impose,
among he basic equipment of a newly produced or newly designed aircraft, a system to
conductRNP APCH operations down to LPV minima.

1.9 Communications
The information in this paragraph is intended to supplement the communication information
already provided in thistory of the flight.

1.9.1 Exchanges during first contacts with the initial approach controller

The crew of flight NSZ4311 contacted the initial approach controller (INI) at 11:22, they were
cleared forapproachLORNI 6 Wor RNP 27R. No mention was made of the ATIS information to
the INI controller.

However, international regulatory requiremerttsequire crews to call out the ATIS information
on first contact with approach services, and require control services to acknowledge receipt of
the ATIS information.

Indeed as indicated iparagraphl.17.1.3.4 the principle of thealtimeter setting provision ighat
it is provided twice first via the ATIS message, then via the initial altitude clearance below the
transition level.

1.9.2 Transmission or reatback errois

A number of transmission or redshck errors (corrected or not corrected by air traffic
controllers) occurred during the serious incident.

91 During exchanges with the INI approach controller, the PM did not correctly read back the
approach instructions orseveral occasions: he was cleared for LORNI 6 W, but read
backMOPIL 9 W; he was cleared fmradar approach for runway 27R, but read back 26R.
This was detected and corrected each time by the INI controller.

1 Similarly, during the initial exchanges withe ITM approach controller, the PM did not
read back the approach instruction correctly: he was cleared for PG 6 5 0 but read
backPG 5 6 0. This was detected and corrected by the ITM controller.

I This was followed by the ITM controller making three tramssion errors, with an
incorrect QNH: two of these errors concerned flight NSZ4311 (incorrect QNH was
repeated in theread back both times), and one concerned easyJet flight EZY75VA (error in
announcing call sigMike Alphainstead ofVictor Alpha and the crew not repeating the
incorrectQNHbut reading back the correct QN a different value which the controller
did notpick up.

1 During the gearound, the TWR controller instructed the crew of NSZ4311 to turn right,
heading 360°, and to climb to 5,060QNH 1001. The PM read back the first part of the

421CAO Doc 4444 PAMIM, SERA 9010, ATS.TR.320.
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YSaal3asS O2NNBOGfexr o6dzi NBIFIR oFO1 GKS Ff4dAYS
picked up by the NN'WR controller, nor by the -NN\WR assistant, who waordinating
with the STWR assistant (see lost¥) by telephone.
9 Lastly, during the second approach, the ITM controllho was managing both the
North ITM position and the BA ITM position, mistakenly sent the crew of flight NSZ4311 to

the Bourget frequency, to which she had just sent several aer@slafihe PM then called
back to request the frequency of the North tower, which was correctly transmitted.

1.9.3 Exchanges on the approach lights

During the first approach of flight NSZ4311, th&WR controller switched on the runway lights,
but forget to switd on the approach lights. Several crews and air traffic controllers had a number
of radiccommunication and telephone coordination exchangegarding theights.

9 Firstly, on the South tower frequency, at 11:40:58, a crew asked {h&/B controller to
switch on the lights. All the lights for runway 26L were then switched on by the controllers
in the South tower.

9 '4 mMmMYnuHYnc YR RdzZNAY 3 (-RER conidbler about B&goK |l y 3 S
around, the STWR assistant contacted the-TWR assistant to infm him that the
approach lights for runway 27R were not switched on.

1 At 11:42:30, the approach lights for runway 27R were switched on by
the N-TWRcontroller.

1 The NTWR controller then asked the crew of easyJet flight EZY75VA, which was coming in
behind flight NSZ4311 for runway 27R, if they could see the lights and the runway. The
ONB ¢ NIBhifedadvR yet ..Gvisual with the ground but uh ... justuh ... n@gt et G K Sy
G ™M YOkayYve ljave vidual now 1 000 feetdRA

91 Lastly, during the secondpproach, the crew of flight NSZ4311 asked the tower if the
approach lights were switched on.

1.9.4 Use of English and French

After transmitting the three incorrect QNH items of information in English, the ITM controller

cleared an Air France crewm Frenchto descend to 5,000 ft with the correct QNH 1001, using the

CNBy OK S E biNeS & A @ y'thousand and one) In  France, according to
RegulatonEUNopH O KHAMHE Y26y Fa a{9w! ¢ o (ahdytiel NR 9 dz
Frenchprovisions (segiaragraphl1.17.1.3.2 SERA FRA.14015 a) Languages to be used-in air

ground communications, the language normally used by the station on the greuRcench. This

means that both English and Frenobuld beused in radiecommunications.

{ 9 w! C w ! Teemsmissiop deé nombes 0 ¢ N> yaYAadaAzy 2F ydzYoSNRERO
French, a number can be transmitted as it is expressed in everyday liés ar sequence of
numbers.Whenthe transmissionsare not satisfactoily clearor in case of ambiguity, the general

NHzt S LI AS&d C2NJ SEIF YLX ST vbl anezerozeromdeY dza dzi o
Oy 0SS Fyy2dzy OfiR uk ¥ A\@KS YAGK glKad GG A& R2y Sinitdy Y2
Zéro zéro unité ¢

S
ad

The Air France crew read back the message correctly. This exchange could not be understood by
the crew of the serious incident, who did not speak French. However, the subsequent two
exchanges, made in English with two other crews before flight NSZ4311 left the frequency, did
include the correct QNH announced in English.
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1.10 Aerodrome and air navigation information

ParisCharles de Gaulle airport is an international airport open to commerialtraffic. It
comprises two sets of parallel runways, each set consisting of two runways oriented
east/west(084°/264°). Each set of parallel runways is generally operated in the same way for
specialised operations: aeroplanes land on the outer runwayway 09L/27R for the north
parallel runways and O8R/26L for the south parallel runways) and take off from the inner

runway (runway O09R/27L for the north parallel runways and O08L/26R for the south
parallelrunways).

1.10.1 Lights

Each of the eight runway endseésjuipped with Category Il precision approach lights, consisting
of a series of approach lights ov&00 m (with inset lights over a distance of 600 m before
displaced thresholds of runways 26R and 27L), in addition to the runway centreline and side
lights. Each of the eight runway ends is also equipped with a Precision Approach Path
Indicator(PAPI) set at 3°/5%

Méts (radar gonio HOLOGARDE) Pyléne anémométrique

Masts (HOLOGARDE gonioradar) & Anemometric pylon LOGC
It GPI’DME e o
& 264
Télemétre de nuages
Ceilometer
51 sl
Al 'jl'.ﬂéy:leléké 2640
AN LOC
\ '| Q6
\
S ) . B10
— P = . r\n/.r\- e I A k___-i—::Q—‘__f\ = ¢

Figure24: lights for runway 27R at CDG (sourSéd

wSO2NRAyYy3Ia ¥F2N / 5DQseriofisAingideit dhovdegthal: KS RIF & 2F GKS
- the PAPI for runway 27R was switched on with an intensity of 4/4 at 07:31;
- the lights for runway 27R and the touchdown zone (TDZ) were switched on with an
intensity of 2/4 at 11:38:30, i.e. approximately three minutes befdre serious incident;
- the approach lights for runway 27R were switched on with an intensity of 3/4 at 11:42:30,
i.e. during the gearound of flight NSZ4311.

Regulation (EU) 2017/373 known as ATM/AN® accordance with. / ' h 520 HAMmE Gt ! b{
stipulates that all aeronautical ground lights must be switched on during the aeronautical night

|y Rt ady other time when their use, based on meteorological conditions, is considered desirable

for the safety of airtrafficc. LG | f a2 Ay RA Oling $hauld &lgolbé opérdtddINE I OK f A
Gro o0& RIe gKSY NBI|dzSadSR o0& Fy | LIINRFOKAY3 | AN
b) when the associated runway lighting is operaged.

The CDG Operatyy Manual (OM) stipulates that approach lights must be switched on at night or
in low visibility conditions, as part of Rt&/P or LVP (Low Visibility Procedures). The lighting
intensity range must be adapted in real time at the request of crews and acapridinthe
weatherconditions.

4 AMC1 AS.TR.150.
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The corresponding weather conditions are as follows:
- PreLVP procedures are applied as soon as RVR < 80@eiling* < 300 ft.
- [+t LINRPOSRdzNB&a IINBX FLIWLX ASR |G 2yS asSa 2F LI N
orceilingd X Hnn Fio

At the time of the serious incident, the weather conditions did not correspond to a transition to
PreLVP or LVP operations. There was therefore no regulatory or procedural obligation to switch
the runway lights on, with the exception of thédligation to simultaneously switch on the runway
and approach lights.

By way of example and according tiee AIR OP%S flying an approach similar tthat of the

serious incident (RNP APCH down to LNAV/VNAV minima and a DH at 360 ft) in No Approach
Lighting System (NALS) conditions would require a Runway Visual Range (RVR) of more
than 1,600m. As a reminder (separagraphl.7.2, the RVR measuredt CDGduring the two
approaches was more than 2,000 m.

1.10.2 Equipment, IFR procedures and approach charts
CDG airport is equipped with Performance Category Il ILS forodatsheight runway ends.

The three types of PBN operations (RNP APCH down to LNAV, LNAV/VNAYV and LPV minima) are
published for each of the eightinway ends The indicatd minimum temperature for Bard/NAV
approaches is20 °C.

During the period inclding the day of the serious incident, from 16 May to 31 May 2022, the ILS
systems for runways 09L and 27R were out of service due to work to replace the ILS antennas.
This was indicated by way of a NOTAM.

Concerning PBN operations for runway 27R, the Ifiapproach chart published in the
Aeronautical Information Publication (AIP) by the Aeronautical Information Service (AIS) is
asfollows:

4 Cloud base height
4 AIR OPS, AMC5 CAT.OP.MPA.110 Aerodrome operating minima.
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AlP AD 2 LFPG IAC RWY27R FNA RNP
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Figure25: PBN approach operation for runway 27R at CDG (source: AlS)
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The crew used the approach chart provided by NavBlue:

(50 - 28 [ 24 FEB 21 France - LFPG /CDG
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Figure26: approach chart used by the crew (Source:

Airhub Airlines)
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In particular, the following differences could be identified:
- the NavBlue chart only includes parto@h ! Lt Qa | f §AGdzZRSakRAalGlI yOSa

- the NavBlue altitudes/distances, Step Down Fix (SDF) and minimum safety altitudes do
not include the heights indicated in the AIP.

Some of these differences, and in particular the fact that the heights of the altitlistancepairs
or the SDF are not includedre alsocommonto other navigation data providers, such as LIDO
or Jeppesen.

1.10.3 Air traffic controller systems at CDG

Various systems are available to air traffic controllers at CDG. Only those related to the serious
incident are detailed here.

e Lighs AVISO CDG Displz LS

panel

s Safety :
M orohone
== Emergency
radio

Figure27: systems available to the TWR controller at CDG (source: CO@rbbtated by
the BEA
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Figure28: example of a control position in the approach room at CDG (source: BEA)

1.10.3.1DECOR, ISATIS and BOREAL

DECORDnnées environnement contréle pour Orly et Roi®sly and Roissy control environment
data) is the general informatiotransmissionsystem for air navigation services at CDG and Orly,
including in particular meteorological, ATIg&dionavigation means and runway occupancy
information. The same interfacés used for tower and approach positions. Controllers provide
the QNH value based on this DECOR screen.

Meteorological information is generated automatically from MétEance servers, it is updated

at least every minute and transmitted automatically/toc5 DQ& ! ¢a a&daidsSvyad ¢KAA
can be no human error in the transcription of the QNH, eithertfiw METAR the ATIS, or the
information contained in DECOR.
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Figure29: example of a DECOR screen display with QNH intfammégsource: BEA)
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The ATIS data entry andansmissionsystem at CDGISATISuses meteorological information

directly imported from MétéeFrance data. Any change of ohectopascain the QNH must be
updated in the ATIS. ATIS information is also distribwiach datalink connection (PATIZ?).

BOREAL (I f A&l 38 2LISNI A2y y St |opesafonaliBhis diteNthtis @rgla | G S
Ff1FNY FSSRolIO10 A& GKS | ANL2 NI Qaimd shraniarty of dhdzLIS NIJ A 3
light status.Tower supervisors are responsible for managing ligats. They may delegate this

task to the TWR controller. It is possibledontrol several functions of the light system, including

the runway lights, the approach lights, the PAPI, etc. The brightness level can be selected for
eachelement.

For each QFU, the light button (BAL) can be used to switch on all the available tigittsea
including the approach lights, the touchdown zdights, the runway lights and the PAPI.

1.10.3.2Radarblip display
Safety nets
Various safety nets are available at CDG, including the following:

- Short Term Conflict Alert (STCA): this system anticipatdesa of minimum radar
separation in the short term. In the event of an alert, the C/indication appears on
line O of the radar label fothe aircraftconcerned alternating between orange and grey.

- Minimum safe altitude warning (MSAW): this system désethe risk of collision with
terrain in the short term. In the event of an alert, thé indication appears on line 0
of the radar label, alternating between orange and grey (paeagraphl.10.4for more
details regarding MSAW operation).

Altitude display

The Operating Display System (ODS) implemented at CDG is a radar display system based on a
system developed for emoute centres. This system does not haveuadtion for automatically
changing the altitude display from a flight level to a QNH altitude below the transition level.

Thus, by default, aircraft altitudes aghe O2 y i NR f f S NBAPP brSTWR)E didplayey as
FEtAIAKG fS@OSta O6C[3= LINBaadaNBE | f iAGdzRS 6AGK ol &St
mode-C transponder. Since the mode transponder directly provides the flight level, this is

therefore not based on the altimeter settiffNR Y G KS LAt 204aQ Ay adNHzySy (& d

| 26 SOSNE GKS RAaALI @ G22f KIFa | yfor@as lbngas itoigzi G 2y =
pressed, the QNH altitude for all aeroplanes. This QNH altitude, which is calcuilsiteglithe

mode C data of aeroplanes and finothe QNH provided by Métébrance to the various ATM
aedaidsSvyazr Aa GKSNBT2NB RAAGAYOdG FNRY GKS | SNBLIX I
o Ly alé 2y GKS NIYRIFENIfFoSt o

This button was not used by air traffic controllers during the serioagient.

46 DigitatATIS. In France, the following airports have-ADS system: CDG, Orly, Nice, Lyon and Pau.
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Figure30: altitude displayed at CDG as FL (left), and as QNH altitude by pressing and holding
a![¢e 2y GKS h5{ ONARIKGOL 0&2d2NOSY /5

A nationaldirective from the DSNA/DO recommends air traffic units which are not equipped
with ODS (CDG is thus excluded from ttilective) that they automatically display the QNH
altitude below the transition level. However, a number of air traffic control authoritiél gse
the flight level value (1013 hPa) as the default setting today. This is the case for NMadt€sly
for example.

In the absence of a verticatofile display, it idifficult to detect an altitude deviation whenot in

level flight. During the fNR G | LILINR I OKX (GKS C! CQfiwad yeiy Shaid S LI A 2
(approximately half a nautical mile), makingviery difficultto detect the deviation During the

downwind leg for the second approach, the aeroplane remained in level flight for arsewen

minutes with a clearancatp >nnn Fi® ¢KS NIRFNJ f106St R&aaALI I &S
(or 051 depending on the precisigpA y a G S R 2 F  ( KS GR4NWS O diedrBnced n p o

at 5,000 ftwith an altimeter setting of 100hPa

NsZ4a317
051 A320

(@050 @209
00
Figure31: radar label for flight NSZ4311 at 11:45:58, during the downwind leg for the second
approach (source: DSNA)

Assuming an automatic display of the QNH below the transition level, the radar label for

flight NSZ4311 would S RA&LIX @SR 'y I fdAdGdzRS @I tdzS 27F «
at5,000F G 2F aXnpné 6a&aSS 0Sft2603 ¢ KSNB50000tw® € 6St
an altimeter setting of 100bPawould have displayed an altitude d05C¢ for a selectedaltitude

2F a&npn

Enhanced surveillancenode S(EHS information

The system can display Mod& EHS data. Three parameters can be displayed, from left to right:
the flight level (altitude or level) selected by the crew, the indicated airspeekdhots, and the
instantaneous magnetic heading.
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Figure32: EHS data available to air traffic controllers (source: CDG OM)

The altimeter setting is part of thdownlink information provided by Modes EHS through the
Barometric Pressur&etting (BPS) parameter. This parameter is not processed by ATM systems
at CDG (separagraphl.182).

1.10.4 Minimum Safe Altitude Warning (MSAW)

1.10.4.1Basic principle

The Minmum Safe Altitude Warning (MSAW) is a grotdnaded collision avoidance system. This
safety net warns air traffic controllers about an aircraft flying dangerously close to the ground
andobstacles.

In France, the MSAW provides protection against hazargsngr both below and in front of the
aircraft, with two types of predictionsThere is aertain safety margin with respect to the terrain
for each of them:
- forecast hazard below the aircrafhased on thepredicted altitude at the end of an
extrapolation time;
- forecast hazard in front of the aircrafbased on thepredicted position at the end of an
extrapolation time, keeping the current altitude.

2" prediction
to alert if the peenes
danger is « in

A 4

1t prediction
to alert if the
danger is
« below » greeeeeeeest P

Margin 1 used in the 1™ prediction

Figure33: basic principle of MSAW (so@rcDSNA)
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The MSAW uses the followitgformation:
- tKS fGAGdzRS @t tdzS aSyad oe& az2RS / 2F GKS AN
pressure altitude at 1013 hPa), which is independent of theboard altimeter setting.
This value is correctedith the value of the QNH, which is automatically provided by

Météo-France stations, and entered in air navigation services systems
- adatabase of the terrain and obstacles in the vicinity of the airport.

At CDG, this system is active over a square zone measuring 64 x 64 NM and centred on the
airport, within which the terrain is modelled by squares measuring 0.5 x 0.5 NM and inclixéing t
main isolated artificial obstacles.

CDG is the only site in France for which the ground collision avoidance service is provided with
a 100 ft quantification step whereas for all the other French sites equipped wattiMSAW the
calculation is performedsing a 25 fguantification step

In the event of a forecast collision with the terrain below the aircraft, an alert is triggered if the
predicted trajectory with respect to the terrain, or an obstacle, where applicable, falls bedow
margin set at 306t.

TheMSAWanticipatesthe I A NXO NJ T (if@ an extigpalatettim yhat takes into account the

time required to generate and transmit the alert to the controller, the time required for the
controller to react to the alert, the time required to tnemit the flight information, and the time
required for the pilot and the aircraft to react. At Pattharles de Gaulle, this position prediction
time is 34 s. Within the DSNA, only the time requiredyemerate/transmitthe alert according to

the radar dsplay cycle can vary, between 4 and 8 s, depending on the organisation within which
the MSAWs installed.

Time to

generate/tran

smit/display

alert to

controller

(based on Controller’s

one scan reflex Transmission of Transmission of
cycle) reaction flight information flight information

4s 3s 9s 18s

> > >

i . -
~—

Minimum total extrapolationtime=34s

Figure34: hypotheses for determining the extrapolation time (sourBsSNA)

A MSAWalert is shown by:
- the F ANDODNI FGQ&a NI RIFNJ (NI O 0SAYy3 RAALI @SR 2\
alreadydisplayed;
- anamberd/SAV¢ A Y RA O (irafdifion®di IKSK A W INIONIF FGdQa NI RFNJ f |
- Iy I dzR A Bdergbedp fertaMAlert d
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Figure35: actual playback ofthe® 2 w O2 Yy i NP f f SNR& h5{ NI Rl NJ
triggered during the first approach
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These alerts can be seen and heard ontha# radar positions ofthe air traffic controllers.
TheMSAW alert isriggered immediately when the prediction conditions are met, and remains
displayed as long as the activation conditions exist.

1.10.4.2MSAW on final approach

To limit untimely alerts, a specific filter was introduced in France for final approaches, by creating
a descent paththreshold (PdD) In this processing volume, MSAWalert is only triggered if the
above conditions are met3éd-secondextrapolatedpath of the aeroplane entering the obstacle
clearance margin of 30f) and if the aeroplane is below théescent path Above thisdescent

path, any collision prediction alert is inhibited.

On the day of the serious incident, the settings for MSAW alert zones, including the settings for
the descent pathfilter, were confgured to V6R1, a version that has been operational at CDG
since20089. In particular, the MSAWEscent pathvolumes are determined using:

- apoint at their base (P1), located at an altitude of 390 ft at CDG;

- aslope 4), which is 2.85° at CDG;

- awidth (L), vaich is 0.09 NM at CDG;

- amaximumheight (Hmaxyused forfiltering, which is 1,900 ft at CDG.
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Figure36: MSAW monitoring on final approach (sourESNA)

The slopea is decisive for filtering. The selected slope should suppress untimely alerts (by not
triggering an alert for an aeroplane close to landing, if it is on the expected slope), while
maintaining the alertgo preventa collision with the ground. The selectedint P1 should avoid
untimely alerts caused by vehicles on the ground and by aircraft circulating within the airport.

1.10.4.3MSAW system performance study

During the serious incident

Radar data from the day of the serious incident showed that three MSAWsalgrte generated:
two during the first approach and one during the second.

'f GK2dzZaK GKS FSNRLX FySQa (62 | LILIN®ertoK prafile s SNE  F
the MSAW alert was triggered during the first approach when the aeroplane had a-adiohieeter
height of 239 ft RA, whereas it was 842 ft RA during the second approach.

The MSAW system performance study carried out with the DSNA/DTI services showed that, in the
last five nautical miles of each approach, thev@ttical profilefollowed by H-EMU due to the
incorrect altimeter setting was almost tangent to the MSAM&cent path(PdD)of 2.85°.

¢KS dzy OSNIiFAydGe FyR AYylFOOdzN»F O 2F (GKS FSNRLX FyS
FSNRLX I ySQa LI 0K 66 KAOK Wdescent patlyahdi the alfitudy gofigglii G 2
(within 100 ft), can explain the difference between the two approaches regarding the MSAW

alerts generated.
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Figure37: vertical path of 9HEMU during the two approaches and MSA&lgrts

History of MSAWersioningat CDG

In 2013, following the identification of several false MSAW alerts, as well as a MSAWalert
being generated fora situation requiring it, the CDG unit asked the DSNA/DTI to modify
the MSAW settings.

This wasan opportunity for the DSNA/DTI to thoroughly review the MSAW settings (and
particularly thedescent patls). For example, the following could be observed:

- for the south parallel runways 08 and north parallel runways 09 (arrivals facing east), only
one descent pathwas defined for both runways of each sethereasthe runways have
displaced thresholds in relation to each other. Therefore, tescent pathwas only
correct for one runway of each set of parallel runways, and too permissive for the;other

- thedescent patls were sometimes too permissive because the slope was too shallow.

- certaininhibition zones needed corrections

- the obstacle database was not-tip-date.

In 2017, the DSNA/DTI delivered a new configuratéwfiR1to CDG. Many changes were made in
this new version, including changes to the position of the departure point, to the slope and to the
width of thedescent path

A succession and accumatibn of technical and implementation malfunctions, lack of resources,
as well as the triggering of numerous untimely alerts during the test phase of this new
version(V7R), prevented it from being brought into operational service before the day of the
serious incident.
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The simulations carried out by the DTI with V7R1, based on the data from the serious incident
to 9HEMU, showed that, with thdescent pathsetting of this versionthe MSAW alert of the first
approach would have been triggered as soon as3leecond projectednargin with respect to

the terrain wasless than 300 ft, at around 11:41:01 (i.e. approximately 30 s earlier than during

the serious incident with V6R1), @&n altitude of approximately 1,265 ft QNH 1011 (992 ft
QNH1001, 665 ft RA), 2.6 NM from the runway threshold.

In April 2023, following the serious incident to @##U, a new versionf V7R1was brought into
operational service. In September 2023, the BNBformed the BEA that the new MSAW V7R1
configuration had been discarded and that theRA6configuration had been restored. This roll
back was explained by numerous untimely alerts which occurred during the summer of 2023 due
to the cumulative effect of particular meteorological conditions corresponding to high
temperatures combined with a low QNH and rounding errors linked to theftt§Qantification

step, which resulted in the position of aircraft seen by the MSAW system being much lower than
their actwal position. Since then, the DSNA has been working on a V8 configuration, which has
been under evaluation with CDG since October 2023 and is scheduled to come into sethize in
summerof 2024.

Standardisation

There is no regulatory obligation at Euraelevel to implement MSAWpe systems to detect

the risk of collision with terrain, nor are there any requirements or official standardisation criteria
relating to their configuration. The elements relating to MSAW procedures and phraseology are
describel in paragraptl.17.1.3.6

However, Eurocontrol developed three-part guide for MSAWin cooperation with several air
navigation service providers, in particulaith the DSNA, in order to promote its implementation
and a certain degree of standardisation. The guide, whicts ha regulatory value,is
avaiableonline.

It is also important to note that the MSAW system described ia gliide does not really apply to
the final approach, for which a specific function must be introduced to avoid untimely alerts on
each landhg. In this regard, Part Itif the guide paragraph2.7 MSAW exclusion areas indicates

0 Kl MSAW ds not very suitable for protecting against deviations from the expected final
approach path. It is recommended to suppress MSAW functioning imminediate vicinity of
airports and to install an Approach Path Monitor (APM) to cover the final apprbach.

This is consistent with the definitions provided by Eurocontrol, which are included below:

- aAyAYdzy {FFS It iA( xRSuUndbashid/skty Aet itanfled 2oowdrn &
the controller about increased risk of controlled flight into terrain accidents by generating,
in a timely manner, an alert of aircraft proximity to terrain or obstacles.

- PLILNR I OK t | GK a2g/olndishdet safety ael Yendéd to warn the
controller about increased risk of controlled flight into terrain accidents by generating, in a
timely manner, an alert of an unsafe aircraft flight path during final appra&éch.

Approach Path Monitoring (APM)
ICAO and EASA make nederence to APM systems, which therefore have no regulatory definition
and even fewer standardisation criteria.
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A Guidesimilar to the onedeveloped for MSAWas beemmade available by Eurocontrol for APM.
The definition provided by Eurocontrol does not include the detection of a deviation from the
final approach path, as its name might imply. The guidelines incladeeptual descriptions, but

do not include technical characteristics to define monitoring volumes or a single method
for detection.

The lack of precise criteria in the APM definition leads to disparities in the functionalities
developed in Europe. In Fram, the DSNAndicated that the APM functionality iso some extent

provided by the MSAW, as this prevents CFIT during the final approach phase. The DSNA also
indicated that it is considering the integration of an APM functionality in the literal sensinef
FONRPYE@&YZ APSd | FdzyOlA2ylFfAlGe F2NJ Y2YAG2NRAYy3I (K
approach path. Such a functionality wowdtsodetect nonstabilised approaches.

1.11 Flight recorders

The serious incident was identified a few days afieoccurred and the data from the FDR

and CVR flight recorders was no longer available.

Data from thenon-protected Direct Access Recorder (DAR), which is similar to theda2Ras
well as audio and radar data from the air navigation services at GIx® retrieved and
synchronised with the DAR time base.

a2NB G(GKIFy pnn LINIYSGSNE 6SNBE NBO2NRSR Ay {(KS 5
not recorded, such as the Flight Director (FD) positions, the Vertical Deviation (V/DEV), or the
Master Guution alerts.

1.12Wreckage and impact information
Not applicable.

1.13 Medical and pathological information
Not applicable.

1.14 Fire

Not applicable.

1.15 Survival aspects

Not applicable.

1.16 Tests and research
Not applicable.
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1.17 Organizational and management information

1.17.1 Air navigation services in France

1.17.1.1Responsibility for preventing ground collisions

According tointernational’ and Europeaff standards the purpose of the air traffic control

service is to ensure separation between aircraft and obstacles imtaeoeuvring area. Beyond

GKA& NBFX Ad Aa (GKS LAf2GQa NBaLRyaArAoAtAde G2
control unit do not compromise safety, except when the aircraft flying under IFR is being vectored

or when it receives a direct rae instruction which takes the aircraft off the published ATS route.

1.17.1.2General information on controller training

In Europe, air traffic controller training must meet the requirements of Regulation (EU) 2015/340
laying down technical requirements and adminagive procedures relating to air traffic
O2yGNRfEftSNEQ fAOSYyOSa IyR OSNIAFAOFGSad ¢KAA N
- Y AGALf GNIFAyAy3dr 6KAOK Gl 1Sa LXIOSE Ay CN
Civile(ENAC) and leads to the issuance taanee air traffic controller licence
- unit training, which takes placm the ATS unitand leads to the issuance of an air traffic
controller licence and/or a rating endorsement. Thanisation of theunit training, the
training courses for each unit endorsemaard the processes for theoretical and practical
assessments are defined in a Unit Training Plan (8TP)
- continuation training, which takes pladey (G KS O2 y i NP f If iSdéXghedkod & A Iy S
maintain the validity of the endorsements of the licencéhe organisation of the
continuation training, the training courses for each unit endorsement and the processes
for theoretical and practical assessments are defined in a Unit CompettitemguCs).

The UG is globally covered byechnical informationnotes issued by the DSNApwever the
content itself is largely left up to each unit. The natiod#lectives are limited to the elements
relating to the minimumhours in positionconditions, as well as to the unit endorsement
revalidation conditions. Imparticular, these notes stipulate a minimum duration of six days for
continuation training (which may be split up and spread over the three years of validity of the unit
endorsement, or aggregated in the case of early revalidation) as well as the geopied bn
which training must focus, i.e.:
- Standard Practices and Procedures (SPP) drawn up on the basis of local or national
feedback, as necessary;
- Human Factors (HF);
- Abnormal and Emergency Situations (AES) (this topic must last a minimum of three half
days and must contain at least three practical exercises).

471CAO doc 4444 PAMS M andICAO doc 8168 PANEPS.

48 Regulation (EU) 2017/3T®TM/ANS and regulation (EUY0923/20126SERA

4 The ParigCharles de Gaulle UTP defines eight unit endorsements (four intermediate, one final, one
partial, two restricted). The four intermediate endorsements correspond to the different rating levels
separating the newly assigned controller from thedfiZZ endorsement.
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The UGfor the ParisCharles de Gaulle training unit describes six days of refresher training over

three years. Virtually all U of the DSNA control units also apply thisday period ovethree

&SI NB (2 O20SNJ O2yUNREfSNRQ O2yGAydzrGA2y GNI A
complexity of airspaces or other factors that may have an impact on the
proficiencyrequirements.

Abnormal and emergency situations

As regards training in Almrmal and Emergency Situations (AES), a minimum duration of 1.5 days
is advised by the DSNA head office. Each control unit defines the content of this training. Indeed,
the DSNA believes that these units are best able to identify abnormal and emergéunatjosis

likely to arise in their specific environment. They also have access to feedback on safety events
occurring within the unit and are therefore in a position to use it and potentially incorporate it
into continuation training, where applicable.

The DSNAdoes not publishat national level an exhaustivelist of abnormal and emergency
situations, and each unit is responsible for drawingqugr not ¢ such a list.

However,the DSNAdoes offerat national level training materials on a number of identified
safety topics. On the date of the serious incidetitere were no such materials regarding the
phraseology to be used in the event af MSAWalert or on the importance of the QNH for
barometric approaches.

In the absence of an official list of abnormal and emergency situations, there is no way of
ensuring that these situations and the associated procedures are periodically revidtved.
therefore possible that a number of emergency issues, topics or procedures will not be the
subject of any regular training in a given unit, if they are not idesdias relevant when the AES
programme is drawn up for a given thrgear cycle.

1.17.1.30perational tasks: regulations, procedures and training

1.17.1.3.1 RNP approaches

Regulations and procedures

ICAO text¥ and the applicable European regulatiShsequire the approachcontroller to
indicate, on first contact with an arriving aircraft, the type of approgotocedure to be
expected(ILS, RNP, VOR etdr the event of an RNP approach, the pilot is not required to
indicate the minima used (LNAV or LNAV/VNAYV or LPV)a8ymiwhen the controller issues the
clearance for an RNP approach, the associated minima are not specified.

RNP approaches were initially deployed at R&iimrles de Gaullsothat instrument approaches
could be carried outshould the ILS be unavailableThey offer minima between those of a
conventional, norprecision approach and those ofleS CAT dpproach, and can therefore be
used as long as there is no severe deterioration in the weather conditions. They were
implemented on the north parallel runays in 2016 following a safety study. They were then
deployed on the south parallel runways in 2017.

S0|CAO doc 4444 PAMS M andCAODoc 9432 Manual of Radiotelephony.
51 Regulation (EUY0923/20126SERA
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The Operatig Manual (OM)of the air navigation servicat ParisCharles de Gaulle provides for
the use ofRNP operations as a backup in the evenaigioblem with the ILS. Moreover, on the
date of the incident, the OM stated that training sessions for RNP final approaches were
scheduled to take place every Friday afternoon on a set of parallel runways between 13:30

and17:00 local time. Howevethese training sessions might be cancelled in the event of adverse
weather conditions and/or if traffic is particularly heavy or complex.

The CDG OM points out the followidigferences betweerRNP approachesndILS approaches:

- although the radar pathsdr RNPapproaches are strictly identical to those ftre ILS
(identical 3°vertical profileand NTZ/NO%), the area within which the crew must have
interceptedthe path may be different from that associated with ILS operatjons

- there is only one intercdn altitude for RNP approaches (5,000 ft for runway 27R at
CDG). Controllersnust pay particular attention to this point, as it entails specific
interception constraints that are different from those tife ILS

- aslight increase in path changes in thespacemanaged by the approach controllers in
relation toaircraft withoutthe LNAV/VNA\apability,

- in the event of a missed approach followed by an RiM&cedure during the second
approach, the crew needs more preparation time, requiring appropriateéorew;

- phraseology specific to RNP approaches.

There are no special indications in the OM concerning the barometric descent profile of some RNP
approaches and the importance of the QNH for this type of approach in relation to a
possibleCFITrisk

Apart from the characteristics listed above, thocedures for an RNP approach are identical to
those for an ILS approach, in particular for TWR controllers, for whom the difference in the type
of approachprocedures is virtually unnoticeable.

Training

On the date of the serious incident, the DSNA had not established a coordinated programme at
national level for the training aspect of thmplementation ofPBN. A steering committee on this
topic was created in 2017 and feedback was required rdigg the impact of PBN on working
methods. This action did not result in any concrete fologw measure to coordinate
training activities.

Since the beginning of 20%0the initial training ofstudent air traffic control engineersat

the ENAC has covered RNP approaches in ddyatth in terms ofthe classification andlesignof

these proceduresand in terms of operational aspects on board and on the grouBihce
the 9HEMUevent, the training of senior techniciams civil aviation studie and operations (who
may work as air traffic controllersn certain aerodromes) has also included this themdhe

associated risks are also addressed, in particular those linked to altimeter eamfsto

temperatureeffects.

52Nontransgression zone (NTZ)/Normal operating zone (NOZ)
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The phraseology taught istrictly based on the document entitleanuel de phraséologie a

f Qdzal 3S RS I OA NO(@irdseblbgy yhanuaSidtlyehefal 8r trafB)y vihNi ias
drawn up in association witthe ENAC. These programmes and the regulations governing them
were not in force at the time of the initial training of the controllers involved in the serious

incident, with the exception of the NFTWR assistant controller on duty during the first approach,
who became the N'WR controller for the second approach.

During unit training, the characteristics and procedures associated with PBN approaches to Paris
Charles de Gaulle (as well as to peripheral aerodromes) are taught in theory and applied in
simulation during the s® f f SR WG4LIN® 2 dzZNE Sa& T 2d¥IsuccésSive bnid lj dzA a A |
endorsements. These asdressedn theory and in simulationn 0 K S O 2 dzNAIStiateryal A G £ SR
la Salle IFR, secteurs ARREVEEO L Y 1 N2 RdzOlG A2y (2 GKS LCw w22Y3X |y
to present the interactions which exist between the work of the TWR and of the IFR room, in
particular the ITM sector.

As part of the continuation training in Standard Procedures andtiResc(SPP), the programme

for the period 20281 nvn Ay Of dzZRSR | Pro&é8uted RIZAV GSwhiA4if SRISNI G A
which was attended by the three controllers involved in the serious incident. This training covered
general aspects of the PBN and RNAVcepts as well as RNP approaches for P@harles de

Gaulle and the satelliteaerodrome concerned. Reminders concerning the differences
betweenLPV, LNAV/VNAV and LNAV approaches were also discussed, with a particular focus on

the similarity between LPV dnILS CAT &pproaches, as well as the risks associated with
conducting some of these approaches with an incorrect QNH.

Moreover, in addition to training, the Contrslubdivisionsorganised regular briefings on PBN for
controller teams to support the ddpyment of PBN on French territory. This was particularly the
case at Pari€harles de Gaulle. Attendance at these briefings was mandatory as part of the
change adaptation training.

The material from the last RNAV briefing given before the serious incidas sent to the BEA
and mentions the different RNP approach operations and their characteristics, as well as the
importance of the QNH:
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BEA

Approches finales RNAV

LNAV/IVNAV

- Guidage latéral - Guidage latéral + - Guidage latéral +
unigquement guidage vertical guidage vertical
- Approche classique barométrique géométrique
(idem VOR ou LOC) | |- Approche APV - Approche de
- Minima 500'SOL - Minima 350'SOL précision
(~LOC DME) (~PRE LVP) - Minima 200" SOL
(~CATI)

RTANCE DU QNH

Erreur d'affichage de 10 HPa (ex : 996 HPa au
lieu de 1006 HPa) trajectoire décalée de 300 ft
vers le haut: risque de déstabilisation
d'approche au passage a vue

300 ft QNH correct (par ex
1006 HPa)

Erreur d'affichage de 10 HPa (ex
1016 HPa au lieu de 1006 HPa)
trajectoire décalée de 300 ft vers le
bas : risque de CFIT

1 DONNER (ET CORRIGER SI BESOIN) LE QNH
« autorisé approche finale RNAV XX L/R, QNH XXXX »

‘ Au plustard 2 NM avant le point de descente (FAF), le contrileur ITM autorise a I'approche
MANEX : finale (avec confirmation du QNH si différent de celui précédemment donné).

En effet, pour ces finales, le contrfleur ITM doit dissocier I'interception de l'axe de
I'autorisation d'approche finale, en deux messages distincts.

Y
A
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BCA

MVL/ Circling (1)

E LPV LNAV-UNAV LNAV o Eg
paH) |rvR| ocH | paH) [RvR| ocH | mpaHy [RVR| OocH | mpaH; |vis
A 139 | 630(310) | 700 | 309 | 7em(a20) |1200] 414 | 1000i880) |3000
B 149 | 640(320) | 700 | 319 | 7epid20) |1200| 414 | 1000(580) |3000
C| 520(200) | 550 | 172 | 660(340) | 800 | 340 | 740(420) |1200| 414 | 1700(780) |3700
D 183 | 690(370) |1000| 367 | 7s50(430) |1300| 429 | 1700(780) |4300

)
a
™~
oy
=

=ILS CAT| IcGl iedepal|r Lnt esauft
Altim tfrei quinconce

Vitesse
1
I ONH "L ONH
x

Figure38: excerpt from training materials on RNP at CDG (source: DSNA)

During thevarious interviews with CDG controllers in the course of the investigation, it appeared
that the danger and seriousness represented by an incorrect QNH value for RNP approaches were
not necessarily perceived and understood, even though this topic was asleldein training and
during briefings. The controllers were not necessarily aware that this could lead to a collision with
the ground.During the interviews,tiwas also regularly mentioned that RNP approaches were
presented as ILS approaches, with onfgwa differences.

1.17.1.3.2  Air-ground communication

Regulations and procedures

ICAOANnnex 16Volume Il, the SERA regulation and theenchOrder of 11 December 2014
relating to the implementation of the SERA regulation are the texts that defineafigicable
phraseology requirements, including conventional phraseology expressions in English and French.
These same expressions are also found in ICAO doc 4444AANSFrom these texts come
manuals that indicate how to use the conventional expressiemms give examples of their use.

Theal ydzStf RS LIKNIasSz2t23AS t f Qdzi(Pr#aSeolBgg mdnihal fad A NJO dzf |
general air traffic) published by the Operations Directorate (DO) of the DSNA, which was
applicable at the time of the serious incident in its ninth edition of 15 May 2021, defines read

back as an action by the pilot which consisisrepeating all or part of a message, so that the

controller who issued this message can check that it was correctly received.

ICAO Doc 9432 Manual of Radiotelephony states,tii®adback requirements have been
introduced in the interests of flight fety. The stringency of the redshck requirement is directly
related to the possible seriousness of a misunderstanding in the transmission and receipt of ATC
clearances and instructions. Strict adherence to feadk procedures ensures not only that the
clearance has been received correctly but also that the clearance was transmitted as infended.
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The ParigCharles de GaulleM highlights the importance ahe hearback as part of the GND and
TWR controlledt fanctions. It is also specified that, althougite TWR assistant controllers may
visualy monitor the control situation as well as monitoring the TWR frequency, when their other
tasks allow them to do so, this traffic monitoring does not replace that of the TWR controller, who

remains solely respondib for checkinghe read-back and transmitting the correct version of the
elements concerned.

Training

European Regulation(EU) 2015/340, in the modules for communication specified
in AMC1ATCO.D.010(a)(2)(vi) on the composition of initial training, no@stithe subtopic
G/ 2YYdzyAOI (A 2y -iné&kOdificatigndzd fead NGB RO -tocAist coverezd
numeroustimesand applies to the various subjects presented in these regulations.

Readback and the detection of reabdack errors are aspects wih are addressed and assessed
both from a theoretical and practical perspective in initial training courses. This is justified both
for regulatory and educational reasons relating to best practices in exercising air traffic
controllerfunctions.

During dscussions with the BEA, the Instructisubdivisionof the ParisCharles de Gaulle control
unit indicated thatthe read-back andhe verification ofthe read-back are important topics which
are addressed throughout the unit training. Howevitlis consideed thatthe basic principles are
taught during the training courses delivered at the ENAC and-beatfhear-backis therefore
not formally presented during this training.

Theskills in heatbackand detecting reaeback errors are assessed in simulatamd during the
examinations that validate the acquisition of unit endorsements. During the interviews, it was
reported that failure to detect a reatdack error during a simulation session resulted in a negative
assessment and systematic failure in an asseent process. However, it was also reported that
no failures due to a reatlack error were recorded at Pai@harles de Gaulle during the
assessment process for obtaining or revalidating a unit endorsement.

As regards refresher training, topics relatimg read-back can be addressed during training
courses covering human factors. As part of these training courses, the DSNA provides training
materials at national level, which are implemented by the units at local level. For example, the
materials for the20092011, 20122014, 20152018 and 20282023 periods addressed issues
concerning the mechanisms associated with réxtk, at various levels.

Studies of airground communication errors

Communication between pilots and controllers is based on a communigayy OKI AyY O2ydl
clearanceq LIA f 2 1 Daxk¢c B YR NR f f SN & HENIhdahdok). (Dirbg nortnd@ NB | R
situations, and especially when adverse factors are likely to affect communication, the
confirmation/correction process is a line okef@nce against communication errors. Numerous

studies focused on communication errors.
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A study conducted under the aegis of Eurocontrshowed that the absence of an

acknowledgement or a correction by the controller may be implicitly perceived by the pilot as a
confirmation of the reaeback®.

4 LI NI 2F 9dzZNPO2y(iNRfQa 9! Lw .dzf £t SGAY Hm Lk
Managenent (ATM) occurrence reports, collected between 2015 and 2019 during the summer
periods (01 Aprilg 30 September) and representing approximately 20 million flights, were

studied. One of the main contributors to ATM occurrences wasgeiund communication:

spoken communication (call sign confusion, language and accent, noise and interference, etc.)

and operational communication (reaobhck errors, phraseology, transfers, etc.), with around 1.4
occurrences reported per 10,000 flights. Hémack errors accourtd for between 0.1 and 0.2

events reported per 10,000 flights.

A study* was conducted by the Netherlands aerospace centre (NLR) for Eurocontrol in 2004,
based on the analysis of a sample of 444 incid®ntennected to communication problems
between contoller and pilot. It showed that, of all the errors identified, the most common was
the readback/hearback error (31%)In 38% ofthe cases the consequences of these read
back/hearback errorsvasan altitude deviation.

The FAA also conducted several studies into communication errors between pilots and air traffic

O2y iNRffSNAR® Ly LI NI A Odzt I NHeatbacktyipdaR &8 S NNBD XK B KERA @
RSaONROGSR | a athdipist dorketly éepats tfie cie&rdneKhativas issued; but the

controller fails to notice that the clearance issued was not the intendeconet KS | dzii K2 N& 2
dlddzRe FylFrfeaSR (KAa (edajfng fomethBdNNEMEE frotnonvhiad WGP A y I |
intended to say is atbo easytod&d ¢KAa Ad gKeé (GKS& NBOoatviheSyRSR
readbacks as they would any other piece of incoming information¢ KS& | f a2 NBO2YY S
O 2 y (i NRdtivel$ NN taithe readback and check it against the flight strip noat

The DSNA also identified @jround communication as a vector for improvement. This topic was

the subject of a work request from the safety occurrence processing body (ITES) during its

meeting on 07 April 2021. The experts who took part in thiskweminded the participants of the

YFEAY O02YYdzyAOFGA2Y YSOKIFYyAAYaAaX Ay LI NIAOdzZ F NI GK
they mentioned thatheao  O1 YI & 0SS R2yS Ay (62 aY2RSa¢y

- when heard I O Ad GKS YFAYy dFailz f mihidakimyd A& A&
cognitive availability. This situation is ideal, allowing any errors to be heard and corrected.

This operating mode is determined by a situation in which tasks can be performed as a
sequence rather than concurrently, without being interruptedr anticipating
future traffic;

- when heardo I O1 A& I oF O13ANRdzy R (I &R ZOdraASERESY AlyyER 2
controller relies on his habits and familiarity with a number of messages (frequencies,
geographical points, etc.), or on the fact thdtthe sound of the messages differs from
what is expected, this will attract his attention.

53 European Action Plan for Air Ground Communications Safety, Ed 1.0 May 2006

54 Air-ground Communication Safety Study: An analysis of jsibwitroller occurrences

5 Incidents in 2002003, in Europe, involving aeroplanes with a maximum taKeweight of more
than5.7 t and engaged in commercial air transport.

Page94/ 153

The BEA investigations are conducted with the sole objective of improving aviation safety and are not intended to apaor¢ian b
liabilities.


https://skybrary.aero/sites/default/files/bookshelf/119.pdf

In this study, the DSNA detailed several factors contributing to the impairment of the ability to

detect a readback error, such as fatigue, the afteffects of he COVIEL9 context, low traffic
situations, and stress at the position.

Lastly, in its Safety Bulletin #68, the DSNA mentioned the correction loops that a TWR assistant
or TWR coordinator controller can constitute, by being able to detect a verbaugligy theTWR
controller. However, it was clearly specified that this corrective listening task is not identified as a
priority. Similarly, it was noted that other crews listening to the radio frequency can also pick up
on any errors previously missed undsgrtain conditions.

1.17.1.3.3 Transition altitude/level

The transition altitude is defined in ICAO Doc 81%68t ! -b { { € thé dltitude at or below

which the vertical position of an aircraft is controlled by reference to altitédes¢ KS G NI ya A i
level is defis R the lowdst flight level available for use above the transition altitudehis

definition is transposed at European level ifRegulation (EUMo 923/20124SERA

As regards the transition altitude, PAIS { @2t dz¥YS o Ay RRQR4ITR&heighK S T2
above the aerodrome of the transition altitude shall be as low as possible but normally not less
than 900 m (300 ft)€

The increase in traffic and the introduction of jet aeroplanes at the end of the 1950s led ICAO to
draw up a policy onransition altitudes in particular, which is still in force today. At the time,
there were several reasons for this principle. One of the main reasons was the lack of air
navigation service facilities. Some units did not have the necessary facilities v@@renroute

traffic with information on current pressure. Provisions such as the use of the standard QNH
at 1013.25 hPand a relatively low transition altitude were thus adopted all around the world,
providing a common reference for vertical separation in flight.

Since then, the organisation of air navigation services and meteorological informfeevolved
considerably. As a consequence, many States set high transition altitudes. In the United States,
the transition altitude was set at 18,000 ft from the outsefoday, a transition altitude

of 10,000ft or more is used not only in the United States and Canada, but also in
Australia(10,000ft), New Zealand (13,000 ft), Japan (14,000 ft) and the Philippines (11,000 ft).

In Europe, a wide variety of transitiontiaides are used. Historically, in line with international
regulations, France established low transition altitudes, generally between 3,000 ft and 6,000 ft
depending on the airport.

The Single European Sky set up in the 2010s highlighted the issuelamdrrce of harmonising

and raising the transition altitude. Various working groupsindated by EASA and Eurocontrol to
handle this topi¢did not conclude that such harmonisation would bring any obvious beféfits
There was no change in policy regardihg transition altitude. However, it was pointed out that

the ICAO requirements in this respect were obsolete. The issue of barometric approaches was not
taken into account in these studies, nsubsequently in the writing dhe IRPBNregulation.

6 Procedures for air navigation services Aircraft OperatiQngolume Ilig Aircraft Operatig Procedures.

First edition, 2018.

858 F2NJ SEIF YLX S 9dz2NRPO2y i NRBf Q& R20dzYSyid bSis2N] h LIS
of 9 I { ! -NRA 201201 Harmonised Transition Altitude.
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Euro@ Yy i NP f Qa 62NJ] 2y O201LIAG é2NJf2FR | OWNAWRA y 3
approaches conducted in 2010 concluded that it would be preferable for the transition altitude to

be raised above 10,000 ft tallow flight crews to carry out critidaactions without interference

from secondary tasks, that this would reduce the risk of omission or error when changing the

altimeter setting, and that this would also allow more time for the crew and controllers to identify
a possiblancorrect altimetersetting

1.17.1.3.4 Transmission of altimeter setting information

ICAO doc 4444 PAMI M, as well as Regulation (EU) 2017/373 knowndsBM/AN$ and

wS3dzZE I GA2Y 09! 0 b2 GHOKHAMHI (1y26y a a{ow!é 0;1
the following:

OSERA.856 Air traffic control clearances:

Except when it is known that the aircraft has already received the information in a directed
transmission, a QNH altimeter setting shall be included in:

i) the descent clearance, when first cleared to an altitude bel@atridinsition level;

i) the approach clearance or the clearance to enter the traffic circuit;

AAAOD GKS GFEA Of SEINIyOS F2NJ RSLINIGAY3I | ANONI Fio

Therefore, the procedures applied by the DSNA and the CDG unit, by way of its OM, as regards
the transmission bthe altimeter setting forarriving aircraft consist in:
1) communicating the altimeter setting via the ATIS message as previously described in
paragraphl.9.1;
2) transmitting the altimeter setting by way of radio exchanges when first cleared to an
altitude below the transition level.

As the altimeter setting is systematically transmitted with tHisacance, it is not repeated at part

of the approach clearance or the clearance to enter the traffic circuit. Indeed, the DSNA considers
that, since the QNH is given when cleared to descend below the transition level, the mention
dexceptd d@ d¢ A y .8003 Allgw$ thé réquitement of ii) to be waived and the QNH not to be
repeated as part of the subsequent approach clearance.

Some of the controllers questioned in the scope of the investigation said that they almost always
specify the QNH when they tramét a clearance containing an altitud€hese argersonalhabits.

The quickreference sheet regarding RNP final approaches to CD@&édiT M position stipulates

GKS F2ff26Ay 3 LIKNI &S2f 2 JAFROZR QNHLELS, aktdriEIPRNP K Of S|
piste 08R  ACA8&70, QNH 1018, cleared RNP final runwag 0BR ¢ KA & LIKNJ aS2f 238&=3
from the OM in that itincludesthe QNHin the approach clearance, is only rarely used in practice.

1.17.1.3.5 Altitude monitoring

ICAO Doc 4444 PAMIM on ai traffic managemert and Regulation (EU) 2017/373 known as

G! ¢ak!%{ Alyw A Othdit@eraick value used to determine that the pressaitéude-

derived level information displayed to the air traffic controller is accurate should
be+60m (+200ft) in RVSM airspace. owzx{a I wSRdzOSR + SNIntothért { SLJI
airspace, it should be +90 m (¥300dit§ ¢ KA & A& LJ NI A OdzZ I NI & GKS Ol &
at ParisCharles désaulle.

588.5.5.1 Verification of level information
9 AMC 1 ATS/TR.155(f) TERANCE VALUE FOR PRESSUREUDIDERIVED LEVEL INFORMATION
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These regulations also specify thawerification of pressuraltitude-derived level information
displayed to the controller shall be effected at least once by each suitably equipped ATC unit on
initial contact with the aircraft concerned or, if this is not feasible, as soon as possible thereafter.
The verification shall be effected by simultaneous comparison with altirééeived level
information received from the same aircraft by radiotelephomfie pilot of the aircraft whose

pressurealtitude-derived level information is within the approved toleca value need not be
advised of such verificatién

The criteria used by the air traffic controller to monitor the position of an aircraft apply
to aircraft:

- holding a level,

- vacating a level,

- passing a level in climb or descent;

- reaching a level.

In swch situations, the criteria will determine whether or not the aircraft occupies a given level.
However, there are no criteria for monitoring a vertical profile.

If an air traffic controller detects a situation in which an aircraft is not complying witaltnde
instruction with regard to the abowenentioned criteria, hanustinform the pilot.

The altitude display system on the radar screens at CDG is descripathigraphl1.10.3.2

1.171.3.6 MSAW

As indicated inparagraph1.10.4 the Minimum Safe Altitude Warning (MSAW) is a terrain
proximity safety netwhichwgfa (G KS ONBg 6KSyYy Fy ANONIFGQa LI G
with the terrain in the short term.

Procedures, phraseologies and regulations
The investigation into theerious mcident to the BOMBARDIER-@GI0-2E25 (CRI000) registered
FHMLD on 20 October 2021 on approach to Namdsntique (LoireAtlantigue) contained a
study of documents relating to procedures, phraseologies and intesnatiregulations applicable
to ground collision avoidance systems. It appeared tthat MSAW was almost never defined in
international text$? that two procedures applied depending on whether the aircraft \baig
radar vectored or not, and that two distinct phraseologies were possible, without it being
specified in which cases they applied:
- Low altitude warning(aircraft call sign) LOW ALUDE WARNING, CHECK YOUR ALTITUDE
IMMEDIATELY, QNH IS (number) [(units)] [THE MINIMUM FLIGHT ALTITUDE IS faltitude)].
- Terrain alert:(aircraft call sign) TERRAIN ALERT, (suggested pilot action, if possible).

50 The MSAW is however framed by French national regulations, which indicate the types of flights eligible
for warning generation as well as the measures to be applied by controllers depending on whether the
aircraft is vectoring or not (FRA.11002 of tleench Order of December 11, 2014 relating to the
implementation of the SERA regulation).

61 Usually, a portion of text in square brackets is optional.
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This study led the BEA to issue safety recandations tothe DSNA the answerto which has
been assessed adequate and cldd®y the BEA), and ttCAO and EAS#vhich were still being
processedn April 2024, concerning the need to:

- clarify in which cases these two phraseologies should be used;

- syskematically mention the urgency of the situation;
- systematically remind the crew of the QNH in the message.

Training

During their initial training at ENAC, studegit traffic control engineergeceive approximately

one hour of theoretical instruction dedated to MSAW operating principles. This course is mainly
based on the SERA regulation and uses the videos published by Eurocontrol on this topic as
training material. They are then regularly faced with situations involving the activation of this
alert in simulation, with six occurrences being planned in the simulation programme.
Spontaneous activations may be requested by instructors for training purposes.

5dzZNAY 3 dzyAlG GNIAYAYy3I +G /5D (KS -hane!éz QRROINENE T2l
unit endorsement corresponding to tower controller functions, as part of the presentation on

safety nets used at ParisK| N¥ S& RS DIl dzf ft S® ¢KS LINBaSyidlaazy
principles and associated working methods. The MSAW was discussed alorngsidsadety nets,

namely the RIMCAS (used tietect potential runway incursions), the STCA (used to prevent

losses of separation) and the APW (used to prevent intrusiotsOS NIi F Ay @2f dzyYSao o ¢
ySiaé¢ G2LIAO g1 a LI NI 2nfornihg, iinBh aB& doyeid \&FR arackddngs K S R
andheliport management.

During the afternoon following the theoretical training mentioned above, a simulation was
planned to illustrate the various topics covered, with this simulation being selected fromieecho

of three simulations.Only one ¢ these three simulations offered a scenario including MSAW
activation. This activation is simply played by the instructor, as the software system does not
allow MSAW to be implemented in simulation.

With regard to conihuation training within the Pari€harles de Gaulle control unit, although the
activation of aterrain proximity alert is an emergency situation, this was not coveiedhe
previoustraining sessions on abnormal and emergency situations (AES). In additie to the
limitations of the simulation system at CDG, it is not possible to practise this situation in an
operational context.

According to the statements of the controllers questioned, the MSAW is rarely triggered in real
situations on approach to ParSharles de Gaulle airport.

1.17.1.4Safety and compliance management system

1.17.1.4.1 Regulatory framework
On the date of the serious incident, Bpean Commission Implementing
RegulatoNnEUH nMTKoTo 2F M al NOK wamTX 1Yy26y a a!c¢
requirements for providers of air traffic management/air navigation services. This regulation
contains requirements applicable to the DSNA,udaig requirements concerning:
- the management system (ATM/ANS.OR.B.005), which includes, in particular, internal
compliance monitoring;
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- the safety management system (ATS.OR.200), which may be an integral part of the

management system and which includes, in particular, processes relating to safety risk
management, safety assurance and safety promotion.
1.171.42 5{b! Qa AydSaINIGSR YIylI3aSYSyi aeaidsSy
The DSNA Management Manual in force on the date of the serious inéddascribed the
5 { b ! I@egrated Management System (IMS), which covers four areassafety, security,
environment and quality. The Management Manual provided the hierarchical structuleaaset
2T LINRPOSaasSa 2y 6KAOK GKS 5{b!Qad La{ 6la& ol &SR«
organisational changes underway at the time of the serious incident, in particular the recent
creation of the Safety Directorate (DSE@G)1 January 2022

The description of the processes in the DSNA Management Manual referred in particular to the
following two procedures:

- Procedure for assessing and mitigating risks (PRZ).
¢tKAa LINPOSRdAzZNBE RSaONRO6Sa G(KS 5{ b! QactiogaNsstegiiA & { A 2
It is supplemented by a methodology for assessing and mitigating the risks associated with
changes made to the ATM system (MEJL).

- Procedure for processinfindingsand actions (PRO03).
The purpose of this procedure is to identify theurces ofindingsmanaged by the DSNAnNd to
describe how to process and manathe actions arising from thenFindingsh y Of dzZRS & Saidl ot
YIt Fdzy OliA2yaé ONBLE2NISR 2N RSGSOGSR al FSite 200d:
or internal standards).

Safety occurrence processing is covered by a dedicated methodology-G@ETas well as a
manual made available to QSAsibdivisions A safety occurrence may be analysed locally, by
the QS/Ssubdivisiononly or by the local safety committee (CL&) even nationally by the safety
occurrence processing body (ITES).

According to procedure PR@3, deviations are detected by means of audits and inspections and

by the agents themselves, who report deviations.

Procedure PR@ no Ff a2 NBFSINGE Y2t Fady2QiiSy2zy aé RSGSOGSR 0
situations which, although complying with regulatory requirements, should be brought to the
attention of the relevant entity and/or would require implementing an improvement action.

The DSNA ManagemeManual made no mention of any overall safety risk management process,

beyond the processing of occurrence reports and the risk studies conducted prior to a change. On

the date of the serious incident, the DSNA had not developed a national risk repatisent

model on which such a process could be based. In civil aviation, it has been common practice for a
number of years to use risk representation models, which depict safety barriers in such a way that

it is possible to check how reliable they are. TIH&NA drew up aonciserisk map in 2010, broken

R2g6y AyiG2 aGai0SOKYyAOIfé¢ YR G2LISNIGA2YIfé O2YLRYS
processes related to safety management. This map was not updated based on feedback and was

not used as a tool forazurrence analysis or risk studies prior to a change.

52 Manuel de managemen¥ersion 10, April 2018
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The DSNA Management Manuatlicated that information onlessons learnedvas provided both
locally and nationally. Initial and continuation training was mentioaadhe framework for local
feedback while the use of targeted awarenesaising campaigns wasarried out for feedback at
national level During the investigation, the DSNA confirmed that there was no entity with

national competence responsible for identifying priorities in terms of initiadl a&ontinuation
trainingbased ondentified risks, in particular using feedback.

lf0K2dzZ3K GKS 02y OSLIi 27F a&20aSNPBF lon the/date oflthea RS T A\
serious incident, none of the aforementioned procedures or methods referred to or described an
approach aimed at observing the practices of controllers in position to detect any difficulties (for
example in the form of deviations fromrocedures likely to have an impact on safety) and to
understand the causes thereof. During the investigation, the DSNA specified the following:

o in the scopeof a change involving the transformation of working methods, observations
of controllers in positn were conducted in the past to determine whether the working
methods stipulated prior to the change were applied as expected

o it recently developed (after the incident) a methodology for observing and collecting
information during normal operations, and launchinga firsttrial at the ReimsCRNA (En
route Control Centrein 2024.

The concept of observing air traffic controllesa duty during normal operations was introduced
by ICAO in 2008. Doc 9910 established the methodology for collecting and analysing data, within
the more general framework of Threat and Error Management (TEM).

Various campaigns for observing controllémspositionhavealreadybeen conducted around the

world, e.g. in the United States, Australia, Canada, Ireland, Italy, New Zealand, Saudi Arabia, South
Africa, South Korea, Thailand and the United Arab Emirates. A process of this kind is similar to
what has been established for years and on a large scale for airline operators with Line
Operations Safety Auditf OSA

1.17.1.4.3 Example of CFIT risk managent

The DSNA considers that an aircraft on the frequency which passes below a published minimum

AL FS IfTGAGHZRECAAGRILIBYSFNROOMINNBYOSd a4 F2NJ | ff
requiredto complete an Event Notification Form (FNE) focurcences involving a risk of collision

with the ground.

These occurrences may give riseattM SAWactivation, if the airport is so equipped. However, this

activation is not systematicallgnalysedby the DSNA safety management system. Thus, in the

abserce of an FNEthe triggering of the MSAW is not an alternative means $fstematically
RSGSOGAWIACLIC £a y2SOONENNBE Y OS® LG akK2dzZ R Ffaz2z o6S y2i¢-
light because the N'WR controller completed an FNE. Without this FN&h)e of the units

involved would have known about the serious incident.

According to the DSNA, many MSAW activations are considered to be untimely or are not
understood by controllers, who then do not systematically report them.

83With the meaning of an observed situation.
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undesirable occurrence. The MSAW is associated with it as an action plan which is already
implemented. Beyond thisrozen document, on the date of the serious incident, the DSNA had

not dS@St 2LISR - B¢ £aySOQHINNEY OS Fylrfteaaa INRR Yy
local(SNARP/CDG) or national level, any CFIT risk management process as expected
under ATS.OR.200 or the associated acceptable means of compliance (AMC), based in particular

on the analysis of safety occurrences. The DSNA was thus deprived of a global and national
assessment of the CFIT risk, beyond the-offeand/or local analysis of each occurrence afd

any potentialenumeration2 ¥ (1 KS y dzY-6 SNE 2 T2 O ¢ SdeMiB iys GfabasdNS O 2 NJ

During the investigation, at the request of the BEA, the DSNA transmitted a list of 89 occurrences
O2yaAARSNBR/ CILE ¢ X1 b QlyNIEt dzZRAY I cn RdzZNAy 3 (GKS | LI
between2019 and 2022 (se@aragraph1.18.1.3. The aalysis of these safety occurrences
revealed the following weaknesses:
- weaknesses in hedrack, with several occurrences revealing failure to deteszad
backerrors;
- poor reliability of MSAW barrier, with numerous occurrences revealing the use of an
incorrect phraseology, potentially long reaction times and even a lack of reaction from
some controllers.

In addition, the DSNA did not have any methdaisobserving controllers in position which could
update some of these weaknesses or analyse them in a different way.

Furthermore the DSNA had not deployed any process defining how the lessons learned from this
type of risk analysis could be used to aglish appropriate mitigation measures, in particular at
national level. For example, following the serious incident to the-IUR0 registered fHMLD

on 20 October 2021 on approach to NantAdantique (LoireAltantique), the local air navigation
serviceidentified the need to strengthen MSAW training for its teams. On the other hand, no
body had been (or was) tasked with studying the benefitdahg thisat national level.

1.17.2 Airhub Airlines (airline operator)

1.17.2.10rganisation

Airhub Airlines was created on 17 July 2019. It is a charter company which also provides wet
leasing services. Its head office is in Malta.

The company started its operations with Airbus A320s, then with A330s/340s. On the date of the
serious incideninvolving9H-EMU, the fleet included nine aeroplanes: three A320s, three A330s
and three A340s.

The company had 25 permanent employees and 450 flight crew members employed as
independent contractors. Its operational bases are located in Vilnius (Lithuania), Alaster
(Netherlands) and Thiés (Senegal).

1.17.2.2Procedures
In its documentation, theair operator mentions that it complies with Standard Operating

Procedures (SOP)ased on those described in the Airbus FCOM (peeagraph 1.6.5.2
in particular).
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The operator indicates thathe SOPspecific toAirhub Airlinesare complementary to Airbus
procedures and are intended to improve and/or clarify some specific flight phadesseT

procedures stipulate that any deviation from Airbus procedures is based on operational
constraints identified by the air operator.

1.17.2.2.1  h LIS NI (itinbk& instructions

Altimeter setting procedures
The OM (Part A) stipulates that ttedtimeters are set to the QNHhis beingthe only barometric
altitude reference for the takeff, approach and landing phases.

During the descent, ifleared toan altitude, both pilots must display thenost recentQNHfor the
destination airport.

In RNAV operations, both pilots must update their altimeter setting to the QNH of the destination
airport, at the latest at the transition level.

Altimeter setting for BareaVNAV operations
The crew must set the altimeter setting, then check that the altitwdéues do not differ by more
than 100 ft atthe latest, atthe Final Approach Fix (FAF).

The crew conduct the operation with an #ip-date local QNH altimetesetting source. No
regional orremote altimeter setting source must be used.

1.17.2.2.2 Increased nonrprecision approach (NPA) minima

' O0O2NRAY3 (2 GKS 2LISNI{i2NRA ha otFNI .03 Ay 2NR
the event of a gearound, the minima for NPA approaches are increased by 50 ft, except during a

visual manoeuvre.

In the OM(Part A regarding approaches), the operator defines a-pi@tision approach (NPA) as

an instrument approach with an MDH or DH greater than 250 ft and an RVR of at least 750 m.

GNSS/Bar¥NAV (LNAV/VNAYV) approaches therefore meet the NPA criteria ancdasalered

as NPAs by the operator. The increase mentioned above therefore applies to RNP APCH
operations down to LNAV/VNAV minima. This is the reason why the pilots of the serious incident

increased the decision altitude by 50 ft.

All  nonprecision approahes are conducted using the Continuous Descent Final
Approach(CDFAjechnique.

It should be noted that according to the PARES, RNP AP®Kerations down toLNAV/VNAV
minima are carried out in 3D and therefore do not require the application of a Cedfhigue
nor is it necessary téake into accoune minimum descent altitude/height (MDA/H) below which
protection against obstacles is not guaranteed. LNAV/VNAYV are designed with a DA/H.

1.17.2.2.3 RNRPRspecific briefings and procedures

Briefings prior to descent

Prior to descent, in the event of an RNP approach, crews hold two briefings: a normal briefing,
common to all approaches, and a supplementary briefing, specific to RNP approaches.
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BEA

Normal briefing

APPROACH BRIEFING (Ref OM-B 2.2.16.5)
AIC Tech Status | Review
NOTAM Review relevani - affecting flight
Weather Review Desfination and Alternate Airports
TEM Identify Threats | Potendial Errors [ Differences
Tithe: Airport | Chart Page / APP Type / Date
Charts (Brief) App Info: FREQ / FAT @/ AD Elevation (Check LDG ELEV)®/ TA
Plan View - Profile View - Minima - Lights - MSA @
LM STAR - APP - RWY - Missad Approach - ALT Airport $
Check altfuda’speed constrains - M5A
RAD-NAV Set of confirm radio - aids ¢
PROG Accuracy check (HIGH GPS PRIMARY (if applicable)) @
FMGS DESC: chack spaed [ ]
APP: Config FULL or 3
" Speeds - MDA(DH)
GA: confirm ar d'!ll'lil‘ THR RED / ACC Altitude
Chack fuel predicions and EXTRA fuel / time
FUEL PRED Holding (if expected)
SEC F-PLAN Prepare as desired (other RWY or alternate STAR) @

Runway Data: Length, surface, thrashold, lights, axits,

Weather info; Runway Conditions, braking action, expecied wind
Landing Performance versus runway data

Tail strike awarenass

Usa of Reverse, Auto brake salection

Taxi route, Parking

h Mod Type of approach — Brief how io fiy the approach
A Use of AP/ FD | ATHR

SUPPL PROC Supplementary and /or non-normal procedures

Alrport

AWO | CAT Use All Weather Operations Baefing Guise (CheckistHighlights) (CM2)

[ Normal briefing: e PF 10 use e MCOU with his ND in PLAN view selected a5 man source Jor the brigting with the EFIS
Constraint pushbution sslected. PM 1o crosscheck against the Aerodrome Chart and to verify the FMGS data insertion.
Note: iems with the symbol { %) are to be cross checked with associated displays (PFDMNDMCDL).

Figure39: approach briefing (source: Airhub Airlines OM (Part B))
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BEA

Supplementary RNAV briefing

Eff. Date 14 OCT 2021
AIRLINES

Ff[airhub LOW VISIBILITY OPERATIONS (LVO) / (RNAV) BRIEFING GUIDE el

CHECKLIST HIGHLIGHTS

(Perform after Normal Briefing)

PREPARATION > AT 10,000 ft
» A/CEQUIPMENT, STATUS, MEL, limitations » GPS PRIMARY CHECK

» 1FMS, 1GPS, 2IRS, 1 MCDU, 1 FD, 1 PFD on PF side, 2 ND, 2 FCU » ALTIMITERS check (max diff. 100 )

channels » PRESS APPR pb when cleared for approach and TO waypoint is the final descent

» NOTAMS, GPS PRIMARY, ground equipment point
» WEATHER > ONFINAL

> Check minima OAT on the applicable chart » Check that the VIDEV scale is displayed on the PFD

> Apply OAT compensation for LNAV only » Check the biue arrow on ND at FDP

» Do not use remote QNH > Monitor XTK emor on ND (PM call if > 0.1 NM)
> LDG MINIMA (LNAV/VNAY or LNAY) determine > Monitor VIDEV error on PFD (PM callif > % dot)
» F-PNL A page CHECK » AT MINIMUM

» 0.1-degree max diff. between CHART and MCDU vertical path IF VISUAL REFERENCES ARE SUFFICIENT (*)

» 1.0-degree max diff, between CHART and MCDU nbound track (") » AP OFF
» PROG page » FDOFF

» Insert RWY threshold for distance monitoring  TRKFPA SELECT
S e AnTe » RWY TRACK CHECK/SET

IF NO VISUAL

»  Review contingency procedure for RNP GA GO AROUND

*(Visual references must be the primary reference until landing)
FAILURES

# USE THE REMAINING AP/FD in case of:
» GPS PRIMARY LOST on one ND
» NAV ACCUR DOWNGRADE on one FMGS

» DISCONTINUE THE APPROACH or proceed visually in case of:
» GPS PRIMARY LOST on both ND
» XTK>03NM
» NAV FM/GPS POSITION DISAGREE on ECAM
b

NAV ACCUR DOWNGRADE on both FMGS
VDEV>3/4 dot (VNAV/LNAV minima)

(") 3.0-degree max diff, for conventional radio NAVAID approach For detaifed information refer to:
FCOM/PRO/NOR/SOP/18/C/APPROACH USING FINAL APPROACH GUIDANCE

Figure40: supplementary RNAV briefing (source: Airhub Airlines OM (Part B))

During the approach, and as mentioned paragraph1.6.5 specific actions, controls and
precautions are stipulated. In particular, the crew must carry out altitude/distance checks on final
whenever these are specifiezh the approach chart, in particular at the FDP.

1.17.2.3Training

1.17.2.3.10perator conversion course

After being contracted at the end of 2021, the crew completed an Operator Conversion
Courseg(OCC). This course included the following:

- theoretical training, via aaumber of ComputeBased Training (CBT) modules covering a
variety of subjects, including PBN approaches and the risks of collision with the
ground(CFIT);

- a Flight Simulation Training Device (FSTD) session lasting four hours;

- an Operator Proficiency Che¢®PC) session in a simulator lasting four hours, combined
with a Lcence Proficiency Check (LPC);

- [ AYyS [/ KSO1¢ O6[/ 03X RAINAY3I gKAOK GKS LIATE 240

Crew theoretical computetbased training in PBN/RNP approaches
The ComputeBased Training (CBT) provided by the company was developed by FLYCO TRAINING
SOLUTIONS. It comprises three modules on PBN approaches, as well as one module on CFIT:
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T at 9wChwa! pp8 b! +LD!'¢Lhb twh/ 95, w9{¢ /.¢ ahb]
This module contains explanations regarding technical and regulatory terms, a history of PBN
navigation, the principles of eroute and approach navigation, as well as normal and abnormal
procedures relagéd to degraded lateral navigation.

T ab9b9w! [ wbt !'ttwh!/ 1l twh/ 95, w9{€¢ /.¢ ahb}[9
This module covers 56 points including descriptions and procedures.

Point 34 describes the dangers associated with an incorrect QNH value and the need for effective
altimeter display and control procedures. It specifically mentions that, ascieulation of the
vertical profile isbased onthe displayed QNH value, any error would afféleis calculation. It
specifies that a QNH error of 10 hPa above the actual vaimgld position the aeroplane 300 ft
below the theoretical vertical profile, resulting in a risk of collision with the ground.

Lastly, it recommends using the raeidtimeter and EGPWS as a way for mitigating risks.

T a!'Lw. ! { wbt !'"ttwh! /| ULwhayes) wo{é¢ /. ¢ ahb
This module describes the operating procedures on Airbus aeroplanes and mentions the QNH
A&aadzS | i Pilati thustihave ¥ lodal altimeter setting and the temperature must be
within limits.€
Point 14 mentions the need to carry out altiteftlistance checks as published on the approach
OK I REMFYCro&s check Altitude versus Distance to Runway Threshold using the Approach Chart
and the runway entered in the Progress Page.

1 CONTROLLED FLIGHT INTO TERRAIN (CFIT) CBT MODULE
This module warns against communication errors between controllers and crews, QNH errors and
specifies that 6@of CFITs occur during ngmecision approaches.

Lastly, itspecifiesthat incorrect altimetersettings can occur in countries where the transition
level is low, when the workload during the approach is high.

Simulation device sessions during the conversion course

For training and checks carried out in a simulation device, the programme inclystesmatically

RNP approaches in 2D and 3D operations (with or without automatic guidance on the
verticalprofile).

1.17.2.3.2 Training and recurrent checks

Training and recurrent checks follow a th,igeS I NJ 0@ Ot S RS&aONAOGSR Ay ! LIJIS
Operatng Manual (Part D).

These training activities and checks are carried out both in a simulation device and en route:
- in a simulation device: every six months, pilots undergo a FSTD session, followed by
anOPC. Once a year, the OPC session is combined with &darRshecks carried out in a
simulation device, the programme includes systematically conducting RNP approaches
in 2D and 3D operations
- enNRBdzi SY I [ / Ad OFNNASR 2dzi RdzZNAy3a | FfAIK
operational conditions.

Assessment of both pilots did not reveal anything particular in the implementation of
the programme.
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BCEA

1.17.2.4Safety and compliance management system

wS3dzf  GA2Y 09! 0 b2 dGCcpKHAMHY (y26y a a!lLw ht {:¢

to establish a maagement system that includes the management of sdfety

<

' ANKdzo ! ANIAYySaQ alFfFSde YIlIylr3aSySyd aeadSy Aa
manualdescribes:

- the obligations that apply in terms oéporting safety occurrenc®;

- the methods foridentifying, analysing, assessing and managing hazards and risks, as well

Fa F2NJ NSBO2NRAyYy3I GKSY Ay | aKFTFNR 23T

- the management othe Flight Data Monitoring (FDM) programme.
¢KS 2LINI G2NR& GKFETFNR f23¢ A& RAYmandeRancay i 2
ground handling operations, organisation, etc. For each of these areas of activity, the entries
correspond to the result of a study (proactive or predictive method) or to an operating event.
Each of these entries is associated with a hdzaan undesirable event, the most likely
consequences, a risk level, as well as any mitigation measures and the reassessed risk level,

where applicable.

On the date of the serious incident, Airhub Airlines had not formally identified any specific
hazardsconcerning bareVNAV approaches or the use of an incorrect altimeter setting during the
approach. In additionincorrect altimeter setting were not monitored by way of the FDM.

Note: an informal survey of commercial airline operators during the Jouris&esirité des Vols
France (JSVHlight safety days) organised by the DSAC confirmed tthetetection ofincorrect
altimeter settingg by way of the FDM was verjttle implemented on the date of the
seriousincident.

1.18 Additional information

1.18.1 Safety occurences resulting from an incorrect altimeter setting and/or having
triggereda MSAW

The occurrences presented in18.1.1were those identified by the BEA and whicave been or

are the subject of a safety investigation conducted by an independergstigationauthority or

board and involving aeroplanes with a maximum tafé weight of more than 5,700 kg and/or

operated in commercial air transport.

Paragraphdl.18.1.2to 1.18.1.5present a summary of the results transmitted by fourttaarities

or organisations (DSAC, DSNA, EASA and Eurocontrol) in response to a request from the BEA to
extract from their databaseoccurrences linked to an incorreattimeter setting (QNH) and/or an
activation of the MSAW during the approach phase

54 OR0O.GEN.200 and the associated AMCs and GMs.
85 Requirements under Regulation (EU) 376/2014
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1.18.1.1Accidents or incidents that were/are the subject of a safety investigation
following an incorrect altimeter setting

Serious incident to the De Havilland D8 registered LNWVIP on 22 Decembre 2022 on

approach to Svolveer (Norway)nvestigation in progress

The crew carried out a LOC/DME approach without visual references with the altimeters still

mistakenly set to the standard pressure (1013 hPa) insteadh®fQNH (987 hPa), resulting in a

descent being flown approximately 730 ft below the published vertical profiltee TAWS alert

"TOO LOW TERRAIN" sounded during the descent. The crew aborted the approach and

then diverted.

Serious incident to the CRJ 1000 reqgisteretHMLD operated by Hop! on 20 October 2021 on
approach to NantegFrance)

When the crew were cleared to descend to the first altitude below ttensition level and to

carry out an RNP APCH down to LPV minima to runway 21, the PM incorrectly read back the QNH,
indicating a QNH of 1021 instead of 1002. This error was not picked up by the approach controller
or the PF. When changing the altimeteetng, the crew failed to confirm the QNH value
provided by the controller with another source of information, as required by the operator's
procedures. Due to this QNH error, the vertical profile during the approach was
approximately530 ft below the pubshed vertical profile. When the MSAW alert was triggered,
the TWRcontroller informed the crew of this alert, without initiallgnentioning the QNH and
without including the word "immediately". The exchanges between the crew and the controller
lasted almat 30 s before the crew realised their mistake and corrected the vertical profile.

Serious incident to the Boeing 787 reqgistered 86D operated by Etihad, on 6 June 2020 on
approach to Abu Dhab{United Arab Emirates)

On descent to the transition level, the crew were concentrating on managing the high ey
incorrectly selected the QNH: when switching froine standard pressure tohe QNH, the setting
remained atthe preset value of 1009 hPa, corresponding to the value on departure from Beijing,
instead of 999 hPa. This resulted in a vertical profile being flown approximately 280 ft below the
published profile. The approach controller did not provide informationtlea local QNH during

the initial descent clearance, nor during the clearance for the RNP APCH down to LNAV/VNAV
minima. When the crew noticed that the PAPI was displaying four red lights, they aborted the
approach at a distance of about 1.3 NM from thedbhold and at a height of about 210 ft RA
whereas the indicated altitude was 570 ft. The controller did not give instructions to check
the QNHor the aeroplane's altitude when the MSAW alert appeared on his radar display.

Serious incident to the Boeing 73300 registered VENLK operated by Nauru Airlines on 12
June 2015 on approach to KosréEederated States of Micronesia)

The crew did not carry out all the specified checks before undertaking a night NDB/DME approach
without visual references. The altimeters remained setthe standard pressure instead of

the QNH of 1007 hPa in force, re8ng in a vertical profile being flown around 170 ft below the
published vertical profile. The crew descended to the minima before going around because they
had lost sight of the runway. Before aborting the approach, the crew had ignored two EGPWS
"TOO LOW TERRAIN" alerts, considering that they were the result of a navigation
systeminaccuracy.
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https://www.nsia.no/Aviation/Investigations/22-695
https://www.nsia.no/Aviation/Investigations/22-695
https://bea.aero/fileadmin/user_upload/F-HMLD_EN.pdf
https://bea.aero/fileadmin/user_upload/F-HMLD_EN.pdf
https://www.gcaa.gov.ae/en/departments/airaccidentinvestigation/Pages/InvestigatorMagazinesView.aspx?min=7LDdwRb1YK&type=ir
https://www.gcaa.gov.ae/en/departments/airaccidentinvestigation/Pages/InvestigatorMagazinesView.aspx?min=7LDdwRb1YK&type=ir
https://www.atsb.gov.au/sites/default/files/media/5774088/ao-2015-066_final.pdf
https://www.atsb.gov.au/sites/default/files/media/5774088/ao-2015-066_final.pdf

Serious incident to the Airbus A320 registered WHGT operated by Jstar Airways, on 31

March 2014 on approach to Gold Cog#tustralia)

The crew carried out an RNP approach after mistakenly entering a QNH value of 1025 hPa instead
of 1018, resulting in a vertical profile being flown anau200 ft below the published vertical
profile. At 159 ft RA, an EGPWS "TERRAIN" alert sounded and the approach was aborted. The
investigation found that the QNH may have been confused with the cloud clover (025) or

temperature (25) information in the ATI8at there was no comparison with the QNH entered in
the FMS, and that the altituddistance cros€hecks did not enable the crew to identify the error.

Serious incident to the ATR 4200 reqgistered OFATB operated by Finncomm Airlines, on 1
January 2007 on approach to Seinéjdkinland)

The crew did not carry out all the checks required by the operator before undertaking an NDB
approach. In particular, they forgot to change the altimeter setting frthva standard pressure

to QNH 978 hPa. As a result, the crew were 950 ft too low dutimee successive approach
attempts, all of which were aborted when the EGPWS was activated. Other warnings, such as the
stall warning, sounded during the manoeuvres before the crew decided to divert.

Accident to the Learjet 35 reqgistered-GPUN operated by Canada Jet Charters, on 11 January
1995 on approach to MassdCanada)

During a night medical flight, the crew camli®ut an NDB approach with an incorrect altimeter
setting of 30.17in Hginstead of 29.17n Hg (i.e. a difference of around 34 hPa), resulting in a
vertical profile being flown around 950 ft below the published vertical profile. The aeroplane
collided with the surface of the water 8 NM from the airport. The two crew members and three
passengers were fatally injured.

1.18.1.2Extraction by DSAC of occurrences reported

A search was carried out in the national datalfdder the period 20202022. It only included
mandatory andpersonal initiativereports of safetyrelated occurrences from French commercial

air transport operators and the DSNA. For this search, the DSAC used regular expressions for the
"narrative" attribute (free text) and certain values from the listadlable for the "event type"
attribute. Only occurrences on approach were selected.

This search identified a total of 382 notified occurrences on approach, of which:
1 236 were related tadhe MSAW (triggering of MSAW)
1 138 were related to the QNH (incawmt altimeter setting);
1 8 were related to botithe MSAW and the QNH.

In the study period, only one French operator (Air France) had set uflight Data
Monitoring (FDM) programme enabling the systematic detection of incorrect altimeter settings
and thus contributing to the notification of these occurrencesot covered bythe pilots'
personalinitiative.

56 See Regulation (EU) 376/2014, Article 6, paragraph 6.
57 Seeparagraphl.18.1.3for the limits expressed by the DSNA concerning searches for MSAW.
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https://www.atsb.gov.au/sites/default/files/media/4905339/ao-2014-065_final.pdf
https://www.atsb.gov.au/sites/default/files/media/4905339/ao-2014-065_final.pdf
https://turvallisuustutkinta.fi/material/attachments/otkes/tutkintaselostukset/en/ilmailuonnettomuuksientutkinta/2007/c12007l_tutkintaselostus/c12007l_tutkintaselostus.pdf
https://turvallisuustutkinta.fi/material/attachments/otkes/tutkintaselostukset/en/ilmailuonnettomuuksientutkinta/2007/c12007l_tutkintaselostus/c12007l_tutkintaselostus.pdf
https://www.tsb-bst.gc.ca/fra/rapports-reports/aviation/1995/a95p0004/a95p0004.html
https://www.tsb-bst.gc.ca/fra/rapports-reports/aviation/1995/a95p0004/a95p0004.html
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Breakdown by type of approach:

v I, -

13%

Visual

VOR DME NDB

w
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Other or undetermined 37%

B MSAW  ® Both ONH & MSAW

ILS 58%

RNP (A 13%

Visual - 4%

VOR DME NDB ﬂ 1%

Other or undetermined 25%

EQNH mBoth ONH & MSAW

Figure4l: breakdown of occurrences, MSAW in green and QNH in blue by types of approach

Reports relating to MSAW are mainly associated with RNP (24%) and ILS (23%) approaches. The
QNH errors notified are mainly associated with ILS approaches (5B¥P approaches
concernl3% of these reports relating to an incorrect altimeter setting. In both cases, the data
available does not identify the type of RNP approach.

Note: in Europe, and in France in particular, the majority of IFR approaches by corahesr
transport operators are carried outsing thelLS and to a much lesser extemth RNP. However,
whether on a local or more global scale, no organisation is responsible for counting the number of
approaches carried out by type of approach. As sutg the BEA has not been able to accurately
estimate thedegreeof exposure to the different approaches.

It should also be noted that RNP approaches account for 13% of the reports and six of the eight
occurrences corresponding to the "QNH" atldSAW" analyses. Conversely, the ILS approaches
account for 58% of the reports but only one of the eight occurrences corresponding to the "QNH"
and "MSAW" analyses.
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Breakdown of altitudes/flight levels at which the QNH error was detected

> FL100
< FL100
> DA
<DA
On ground

Unknows

B QNHerrors { EWhich triggered a MSAW

Figure42: breakdown of altitudes/flight levels at which the QNH error was detected
(source: DSAC)

It appears that a large proportion of the events relating to a QNH earernot detected during

the flight phase or are detected at a height lower than the minima (respectively 38% and 6%,
i.e.44% of the approaches, bearing in mind that there are a further 18% of cases where the
height at which the error was detected is urdwin).

Breakdownof errors as a function of QNH values
On the following two graphs, the colour of the occurrences varies gradually:

1 from dark blue to light blue when the difference between the QNH used on board and the
actual QNH is negative (altitudesgiayed lower than theactual altitude, for a given
altitude the aeroplane is therefore above tlaetualaltitude).

1 from light orange to brown when the difference between the QNH used on board and the
actual QNH is positive (altitude displayed higher ththe actual altitude, for a given
altitude the aeroplane is therefore below thectualaltitude, groundproximity).

1 grey indicates an unknown true QNH value.
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Figure43: number of occurrence reports asanction of the value of the deviation from the
actual QNH (source: DSAC)
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Figure44: number of occurrence reports as a function of the value of the QNH entered
(source: DSAC)

The DSAC analysis highlights significant proportion of occurrences in which:
- the setting was plus or minus 10 hPa compared with the actual QNH (error of one digit in
the tenths unit), representing 36% of the cases;
- the setting was kept at the standard value (1013 hPa), represetfg of cases.

Cause of altimeter errors
The DSAC study also shows that most of the errors were caused by the crews (69% of QNH
occurrences), with:
- the insertion of an incorrect QNH after the correct transmission and read back of the
QNH(41%);
- the crewkeeping the standard altimeter setting without any ATC contribution (28%).

However,on reading these reportsit can be seethat a significant proportion of the occurrences
were contributed to by theATC (27% of QNH events) with:
- erroneous reaeback of he QNH by the crew, not picked up by air traffic control (14%);
- transmission of an erroneous QNH value by air traffic control (10%);
- no transmission of the QNH by air traffic control (3%).

Lastly, the incidents classified as "other or undetermined" (4#t9lude errors in the
measurement of meteorological instruments or ATIS recording errors.

1.18.1.3Extraction by DSNA of occurrences it had recorded
The DSNA explained to the BEA that it was unable to provide reliable extractions concerning:

9 occurrences during whica MSAWalert was activated, as the activation is not recorded
automatically. Furthermore, many activations are considered untimely or are not
understood by the controllers, who then do not notify the DSAlthough the operational
instructions dedicated to the use and operation of the MSAWipulate that they
shouldbe;
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1 occurrences resulting from or revealing an incorrect altimeter setting, because in the
absence of a predefined coded value to retranscribe this factor, only alsdéarcegular

expressions in the text would be effective, a search that the DSNA has not been able to
carry out.

Instead, the DSNA proposed to extract the occurrences coded as-Cedr from its database.

The DSNA uses this term to describelRoccurencesduringwhich anaircraft, with or without

a MSAW alert, passed operated without loss of control, below the published minimum altitude

at the location in questionThis corresponds to the crew unintentionally passing below the
published minimumaltitudes at the location in questiohe search was carried out at the
beginning of 2023 and covered the period 2602@22. Of the 89 events coded as "n&aFIT", 64
occurred during the approach phase. The characteristics presented below only concern these
approach phaseccurrences The DSNA developed an ad hoc typology to reflect the cause of the
occurrence. The graph below is based on this typdfogy

On-board navigation errc) I 32
Onboard incorrect QNH settirr Il 4

ATC error re altitudéo be giverclll 2
Inappropiate documente [l 2
Incorrect readback not picked vl 2
ATC clearance not understoSEl 2

ATC error re heading to be givéill 2
Other or unknow; N 18

Figure45: cause of "neaCFIT" occurrences on approach according to the DSNA ad hoc typology

At least half of these occurrences are the result of aAboard navigation error, i.e. following a
different horizontal and/or vertical profile to that published and/or instructed by the controller.
Four occurrences were identified as being the resulanfincorrect altimeter setting, whatever
its causé®.

In two of these casesn incorrect read back by the crewot picked up by the controlleted to
incorrect settingsIn both these cases, a MSAW alert wirdggered

In just under half of the casg80), a MSAW alert wasiggeredand deemed valid. Of these 30
occurrences, 19 resulted in an inappropriate controller response to the MSAW in the form of:
- absence ofmessage (4 cases); or
- amessage that did not comply with standard phraseology (15 cases)

58 For this typology, the DSNA completed the table by assigning a single value to each occurrence. In reality,
several values could characterise the same occurrence (for exanmglerect onboard QNH setting and
incorrect read back not picked up).

5 Due to the coding at the time of extraction, the serious incident which is the subject of this report was
not included.
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There were fortyone "nearCFIT" occurrences during ILS approaches, and sixteen during
RNPapproache®’.

Extraction by CDG services of occurrences it had recorded
Using the same values as those applied by the DSNA at national level, the CDG sewices h
recorded 15 incorrect altimeter setting occurrences between 2019 and 2022 on approach:
1 seven where the crew had forgotten to change to the QNH below the transition level,
1 eight concerning reatback errors that were not picked up or the insertion of an
incorrectQNH after the transmission and redéck of a correct QNH value. Six of these
eight cases concegd errors of 10 hPa.

1.18.1.4Extraction by EASA of occurrences recorded in the European CeRtplbsitory

The European Central Repositbrys the databasewhich holds all theoccurrencesnormally
transferred fromthe national databases of the Member States of the European Union, these
national databases beinfgd by the service providers (aircraft operators, PSNAs, etc.).

EASA carried out the extractions oesponding to the BEA's request at the end of 2022. The
information provided by EASWas not analysed by the BEA given the difference with the DSAC
and DSNA extractiong-or example, onlyhirty-two occurrences relating to an incorrect QNH
come from Francever the period 2012021 (compared with the 146 occurrences recorded by
the DSAC over the period 202022). Several parameters can influence the quality of an
extraction from the European Central Repository, such as the completeness of the data transfer
from the national databases, the construction of the query or the language used at the time of
notification forregularexpression searches on free text attributes.

Note: In 2022, EASA finalised the assessment of the safety topic entiggdroach Path
Management" (Safety Issue {8007]) as part of the European Programme for Civil Aviation
Safety(EPAS). The repoarising fromthis assessment does not address the possibility of using an
incorrect QNH during an approach with barometriati@al guidance and its consequences. EASA
explained to the BEA that, as this type of assessment requires considerable resources, it would
only be updated once other safety issues, which are also priorities, had been assessed.

1.18.1.5Extraction by Eurocontrol obccurrences notified to it

Eurocontrol administers a voluntary incident reporting systéindependently of the regulatory
provisions of Regulation (EU) No 376/2014 which are binding on organisations and States. The
data comes mainly from European Air Navigation Service Providers (ANSPs) and aircraft
operators providedon a voluntary basis.

Eurocontrol carried out a search at the beginning of 2023. It covered the period from 2016 to
January 2023. The term "QNH" was searched for in the text of the report. The results were
analysed and an ad hoc typology was created to reflect the nature o&mleenaly encountered in
relation to the QNH. A total of 54 reports from all phases of flight were selected and sorted
according to this typology.

According to this typology, the main anomalies relating to the QNH were

© The type of RNP approach performed by the crews is unknownthe controllers (see
paragraphl.17.1.3.).

"t See Regulation (EU) 376/2014, Article 8, paragraph 2.

"2 Eurocontrol voluntary ATM incident reportir(§VAIR)
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- selection of an incorrect value bydtcrew (in 20% of cases);

- a difference between the QNH value indicated in the ATIS and the one the controller
transmitted to the crew(15%);

- anincorrect QNH value in the ATIS (13%);

- or the readback by the crew of an incorrect QNH value, not picked up they
controller (11%).

Figured6: cause of "QNH" occurrences on approach according to Eurocontrol ad hoc typology

1.18.2 Ground systens for detecting an incorrect altimeter setting

Regulatory requirements

Some air navigation servicequiders, such as the NATS in the United Kingdom or the LVNL in the
Netherlands, have installed a ground system which compares the altimeter setting transmitted by
certain aircraft with the QNH value in force locally, in order to inform the air trafficrodlet of a
potential incorrect altimeter reference on board an aeroplane.

Commission Implementing Regulation (EU) No 1207/20ttten Commission Implementing
Regulation (EU) 2023/1770epealing the latter and laying down requirements for the
performance and the inte®perability of surveillance for the Single European Sky and its
amendments requires aircraft flying in European airspace with a mass greater than 5,700 kg or
with a maximum cruising speed greater than 250 kt to be equipped with a transponder that
transmits Enhanced Surveillance Mode S (EHS) andBAR®tocol information. The associated
certification requirements are defined in the certification specificatidSACNS(Certification
Specifications and Acceptable Means of Compliance for Airborne Communications, Navigation and
Surveillancg The mandatory informationtransmitted (Downlink Aircraft Parameter, DAP)
includes the altimeter setting on board the aircraft via the Barometric Pressure Setting (BPS).

As for air navigation service providers, there is no obligation to implement a ground system that
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https://eur-lex.europa.eu/legal-content/FR/TXT/PDF/?uri=CELEX:32011R1207
https://eur-lex.europa.eu/legal-content/FR/TXT/PDF/?uri=CELEX:32023R1770
https://eur-lex.europa.eu/legal-content/FR/TXT/PDF/?uri=CELEX:32023R1770
https://www.easa.europa.eu/en/downloads/136542/en

































































































