International Civil Aviation Organization

| ( : {! O North American, Central American and Caribbean Office

WORKING PAPER

GREPECAS/21 — WP/09
06/11/23
Twenty-first Meeting of the Caribbean and South American Regions Planning and
Implementation Group (GREPECAS/21)
Santo Domingo, Dominican Republic — November 14 to 17, 2023

Agenda Item 3: Global and Regional Developments
33 CAR/SAM Air Navigation Services (ANS) Implementation Level

PBN IMPLEMENTATION IN FRANCE: A RETURN OF EXPERIENCE

(Presented by France)

EXECUTIVE SUMMARY

In recent years, France has implemented on a wide scale Performance Based Navigation (PBN)
procedures within Metropolitan France airspaces, in particular for approach and landing
operations. These projects are in line with the EU regulation which aims at an exclusive use of
PBN in the airspace of EU Member States for all operations, including Cat I landings, by June
2030.

In this context, France benefits from an important return of experience in PBN approach
operated through Satellite Based Augmentation System (SBAS) and Barometric Vertical
Guidance Navigation (Baro-VNAV).

The integrity and precision of the SBAS signal used both in lateral and vertical guidance ensure
a high level of safety of SBAS PBN approaches within a wide geographical area. SBAS also
has the capability to support Cat I operations when conventional navigation systems such as
ILS are not available.

The barometric vertical guidance in Baro-VNAYV relies on the barometric-altimeter reference
manually entered by the pilot. Recently, France has seen an increase in the occurrence of serious
Baro-VNAYV approach incidents due to human errors.

Based on a working paper presented by France on the Baro-VNAV incidents, the ICAO
EURNAT Europe Aviation System Planning Group (EASPG) has published the EUR_OPS
Bulletin 2023 001 on risks related to altimeter setting errors during APV Baro-VNAYV and
non-precision approach operations.

Action: See paragraph 3.
Strategic e Strategic Objective 1 — Safety
Objectives: e Strategic Objective 2 — Air Navigation Capacity and Efficiency
References: e ICAO Annex 10 Volume I
e PBN Manual
e  GANP ASBU element NAVS
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1. Introduction

1.1 The implementation of Performance Based Navigation (PBN) is of great interest to support
precise and advanced trajectories within airspaces. ICAO has defined a specific strategy for approaches in
its Annex 10 Volume I: “e) promote the use of Approach with Vertical Guidance (APV) operations,
particularly those using Global Navigation Satellite System (GNSS) vertical guidance, to enhance safety
and accessibility.”.

1.2 France fully subscribes to the ICAO specific strategy for approaches in the implementation
of PBN and has published PBN approaches for a majority of its IFR runway-ends following EU regulation.

1.3 In the European Union, the regulation (EU) 2018/1048 on Airspace usage requirements
and operating procedures concerning PBN requires Members States to:

1. deploy PBN for all phases of flight in approach and en-route by 25 January 2024,
ii. reduce conventional navigation infrastructure,
1. implement the “exclusive use of PBN” rule for all operations, including Cat |

landings, by June 2030.

1.4 The last requirement means that, by June 2030, EU Members States will ensure Cat I
landings with SBAS and no longer with ILS.

1.5 In recent years, under the EU regulation, France has developed and implemented on a wide
scale PBN procedures within Metropolitan France airspaces, in particular for approach and landing
operations.

1.6 The implementation of PBN approach operations is supported by the publication of
Required Navigation Performance Approach (RNP APCH) charts on aerodromes with LNAV (Lateral
Navigation) or LNAV/VNAYV (Lateral/Vertical Navigation) minima. Two technical solutions, the Satellite
Based Augmentation System (SBAS) and Barometric Vertical Guidance Navigation (Baro-VNAV), are
used to meet the requirements for PBN approach operations.

1.7 France has the largest number of IFR runway-ends in Europe and has seen recently an
increase in the number of airspace users flying PBN landings. Consequently, France benefits from a wide
return of experience on the use of both SBAS and Baro-VNAYV in PBN approach operations.
2. Discussion

Satellite Based Augmentation System (SBAS)
2.1 SBAS is a wide area differential GNSS signal augmentation system which uses

geostationary satellites. It can broadcast on vast areas primary GNSS data, provided by a network of ground
stations with ranging, integrity, and correction information.
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2.2 The SBAS signal is designed with a very high level of integrity requirements as defined in
ICAO Annex 10 Volume I. The integrity and precision of the SBAS signal, both in lateral and vertical
guidance, ensures a high level of safety for SBAS PBN approaches within wide area airspaces. SBAS has
the capability to support Cat I operations, which is very useful when conventional navigation systems, such
as ILS, are not available. For secondary runways and secondary aerodromes, SBAS brings a high level of
improvement in terms of safety of landing operations and aerodrome accessibility, without requiring local
infrastructures.

2.3 Outside of the aviation field, SBAS usage can be extended to e.g., the maritime field, road
and rail transports, precision farming. Being a multimodal infrastructure with wide-range benefits for
citizens, experience has shown that SBAS signals are provided free of direct user charges to all users,
including in aviation. This feature makes SBAS more cost-effective compared to other satellite-based
landing technologies, such as the Ground Based augmentation System (GBAS) for which aviation users
have to cover the costs of procurement, installation, and certification of the ground stations.

Barometric Vertical Guidance Navigation (Baro-VNAYV)

2.4 Baro-VNAYV is based on the combination of on-board Flight Management System (FMS)
and GPS Airborne Based Augmentation System (ABAS) for lateral guidance with barometric vertical
guidance. The barometric vertical guidance relies on the barometric-altimeter reference (QNH mostly)
entered manually by the pilot. Baro-VNAV PBN approach does not meet the requirements in precision to
ensure Cat I landings.

2.5 Recently, several serious Baro-VNAYV approach incidents have occurred in France. These
incidents on major French aerodromes are due to human errors when entering the local barometric altimeter
reference (QNH) in the aircraft avionics (see Appendix A).

2.6 It is also to be noted that France is not the only State where such serious incidents related
to BaroVNAYV use have occurred, indeed during the recent years similar events triggered safety enquiries,
in particular:

2.6.1 On 06/06/2020 a 787 approaching down to LNAV/VNAYV minima at Abu Dhabi mis-set
the QNH, 1009 vs. 999 and approached 280 ft too low, triggering a MSAW alert.

2.6.2 On 22/12/2022, a DHC 8 approaching a LOC/DME in Norway with BaroVNAYV defining
the vertical path, let the QNH to standard vs 987hPa (730 ft too low) which generated TAWS warning.

2.7 Several actions have been put in place in France to better understand and document the risk
level coming from an increased use of BaroVNAV:

2.7.1  An Altimetry working group was put in place (surveillance authority, ANSP,
airlines and industry experts...). This combined expertise lead, in particular, to the
publication of a French CAA Safety leaflet, and contribution to the ICAO EUR
safety bulletin, as mentioned in section 2.8.
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2.7.2  An analysis of all QNH events (including non-reported events) by matching
airborne and ground recorded data over several years is on-going (no results
available yet).

2.7.3  An analysis of reported QNH events through French airspaces from 2020 to 2022
was completed and showed more evidence than initially expected (138 QNH
events were identified during the 2020 to 2022 period). This study also showed
that a large proportion of theses QNH errors occurred on ILS approaches, with
detection of the mis-set QNH only once the aircraft on the ground. It is reminded
that mis-setting the QNH over a geometrically guided approach such as ILS
doesn’t change the path of the aircraft, in opposition to barometric guided
operations. A statistical analysis also confirmed that the most frequent errors was
QNH left to standard, as observed in Norway, and QNH 10 mb error, as observed
in Paris CDG and Abu Dhabi. A large majority of the mis-setting events were made
by the crew, and around 10 % by ATCOs.

2.8 Following the analysis of these incidents, France presented a working paper (see Appendix
A) during ICAO EURNAT Europe Aviation System Planning Group meeting (EASPG/4) at the end of
November 2022. This working paper summarizes the main facts and findings from these quasi-Controlled
Flight Into Terrain (CFIT) in the use of Baro-VNAYV PBN approaches. As a conclusion to the meeting, the
EASPG has published the ICAO EUR_OPS Bulletin 2023 001 on risks related to altimeter setting errors
during APV Baro-VNAYV and non-precision approach operations in July 2023 (see Appendices B and C).

2.9 It should be noted that several other safety documents related to BaroVNAYV,
aiming to raise awareness of the community have also been published recently in
Europe, in particular:

2.9.1 EASA Safety Information Bulletin 2023/03, issued 09 Mars 2023, Incorrect
Barometric Altimetric Pressure.

2.9.2  Safety First, the Airbus safety magazine, Dec 2022, Use the correct baro setting
for approaches.

2.93 DGAC Safety Leaflet n° 2023/02, Risks related to altimeter setting errors, in
particular during APV Baro-VNAYV and non-precision approach operations.

2.9 Finally, it is important to note that one major area of activity in France, as a response to
Bureau d’Enquétes et d’Analyses (BEA) preliminary safety recommendations from the Paris CDG
LNAV/VNAV incident, in the absence of any specific ICAO guidance, was to design in emergency
additional mitigation means, expecting that they could increase the level of safety over PBN approaches
flown with BaroVNAYV (see Appendix D). One of the important findings of this area of activity was that
addressing and mitigating risks of BaroVNAV operations have not been addressed in a sufficiently
coordinated manner by the aviation community and that further work is needed in this direction.
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Suggested action

The GREPECAS is invited to:

a)
b)

c)

d)

note the content of this Working Paper;

consider the ICAO EUR_OPS Bulletin 2023 001 on risks related to altimeter
setting errors during APV Baro-VNAYV and non-precision approach operations;

consider the need to further document the risks of QNH mis-setting and the need
to coordinate further work in this area; and

consider the integrity and precision capabilities of SBAS and the latent safety

issues of Baro-VNAYV in the implementation and operations of PBN approaches in
the CAR/SAM Regions.
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BARO-VNAYV APPROACHES

(Presented by France)

SUMMARY
Baro-VNAV approaches provide significant safety benefits over legacy LOC,
NDB and VOR approaches. They can also enhance safety at unequipped runway
ends.
Baro-VNAV approaches are however significantly less robust than geometric
PBN approaches enabled by SBAS, and GBAS, as evidenced by several Baro-
VNAV related issues in France.
The main vulnerability of baro-VNAV approaches lies in their dependence on
correct altimeter setting, which involves multiple human interventions. Other
vulnerabilities exist, such as the risk of overestimating the precision of the
vertical guidance.
It is proposed that an ICAO EUR bulletin be published, and also sent to States
and international organizations, with a view to sensitizing the EUR aviation
community to vulnerabilities of baro-VNAV approaches, in particular their
dependence on correct altimeter setting.

Introduction

EASPG/04 — WP/22

08/11/2022

//

The use of baroVNAV to fly vertically guided PBN approaches is currently supported by the
PBN Manual as RNP APCH down to LNAV or LNAV/VNAYV minima and is included in GANP ASBU
element NAVS-B03. The navigation technologies used for these approaches are GPS ABAS for lateral
guidance, and a barometric system for vertical guidance.

This approach and landing capability is available over a large segment of the transport category
aircraft (mostly Airbus/Boeing).

It is one of the enablers of PBN with vertical guidance approaches, and brings real safety
benefits over LOC, NDB and VOR approaches.

(4 pages)

EASPG04 WP22 BARO-VNAYV Approaches.docx
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14 Baro-VNAV based approaches are however significantly less robust than geometric PBN
approaches enabled by GBAS (GANP ASBU element NAVS-B01) and SBAS (GANP ASBU element NAVS-
B02).

2. Discussion

2.1 Barometric vertical guidance was initially designed to fly continuous descents within TMAs.
It was later promoted as an advisory system during laterally guided approaches, and eventually a final approach
landing PBN system, in the mid-2000, as an opportunity to address some pressing safety shortcomings (such
as suboptimal vertical situational awareness along LOC, NDB, VOR approaches, and unequipped runway
ends).

2.2 Baro-VNAYV was not designed as a self-standing approach and landing system, by contrast to
geometric vertical guidance systems such as ILS, GBAS and SBAS.

2.3 In the same way that VOR and NDB in their time brought progress at runway ends with no
landing aids, barometric guidance represents another step of progress at this point in aviation history.

2.4 As evidenced by several serious incidents, baro-VNAYV approaches are however significantly
less robust than ILS approaches and geometric PBN approaches enabled by GBAS and SBAS.

25 The main vulnerability of baro-VNAV approaches lies in their dependence on correct altimeter
setting.
2.6 Correct altimeter setting involves multiple human interventions (e.g. determination of the local

QNH by the meteorological service provider, publication of the local QNH in ATIS, transmission of the local
QNH by ATC to the flight crew, altimeter setting by the flight crew, correction for the effects of temperature
on the atmospheric pressure at aircraft altitude).

2.7 It is noteworthy that ILS, GBAS and SBAS are required by ICAO Standards to be designed
and certified to meet an integrity risk lower than 10”-7 per approach (which means that these systems should
not create an out of tolerance positioning error, without alerting the air crew, more frequently than once every
10 million approaches). The inherent integrity risk of baro-VNAV approaches is certainly on a much lower
level. For instance, a 1998 study (Judith Burki-Cohen https://flightsafety.org/ao/ao_jan_feb98.pdf) published
by the Flight Safety Foundation showed that the altimeter setting error rate was on the order of a few percentage
points, depending on factors such as the complexity of the clearance.

3. Examples of baro-VNAYV related issues experienced in France.

3.1 Example 1:

On June 25™, 2021 a Vueling flight crew to Nantes Atlantique Airport miscopied as 1017 mb
the 1007 mb ATIS QNH. The flight crew stated having experienced adverse weather
conditions, with cumulonimbus clouds, during descent and approach, and been very focused
on weather avoidance. The flight crew correctly readback 1007 QNH to the air traffic
controller, without correcting the altimeter setting. The MSAW system alarmed. The air traffic
controller used the emergency MSAW phraseology. The flight crew, who was in VMC
conditions by then, immediately corrected the altimeter setting and was able to stabilize the
approach.

3.2 Example 2:

In 2013, the French meteorological service provider misset the QNH measuring unit at Biarritz
Pays Basque airport during a routine maintenance operation. As a result, the local ATC
broadcast, during half a day, QNH with a 7 mb error up. The weather conditions were good

EASPG04 WP22 BARO-VNAYV Approaches.docx
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3.3

3.4
a)
b)
c)
d)
e)
f)

BEA

on that particular day, and the error was detected by airspace users who were too low on
approach (NB: 7 mb error = 196 ft error). No incidents/accidents occurred.

Example 3 :

On October 10, 2021, before starting the RNP approach to runway 21 at Nantes Atlantique
Airport, the air traffic control unit cleared the crew of an Air France Hop CRJ 1000 aircraft to
descend to 3 000 ft QNH 1002. The flight crew read back QNH 1021. During the final
approach, the MSAW alarmed, and an investigation by the French Civil Aviation Safety
Investigation and Analysis Bureau (BEA) into this serious incident is underway.

Example 4 :

An Air Hub Airbus A320 flight performed on May 23, 2022 a baro-VNAYV approach to Paris
CDG Runway 27R. The air traffic controller erroneously advised the flight crew that the QNH
was 1011, while it was correctly broadcast 1001 on the ATIS. The aircraft performed its
approach about 280 ft below the nominal descent profile, in clouds according to the flight
crew.

At an indicated altitude of 891 ft QNH 1011 (617 ft actual altitude QNH 1001), 1.53 NM from
the runway threshold, the MSAW system alarmed.

At 1.2 NM from the runway threshold, and with a vertical speed of -717 ft/min, the
aircraft passed the indicated altitude of 802 ft QNH 1011 (537 ft QNH 1001, 122 ft RA), which
corresponded to the Decision Altitude (DA) for the crew (Point 2 Figure 1).

The flight crew stated that arriving at the minima, they did not acquire visual references and
consequently performed a go-around.

At an indicated altitude of 735 ft QNH 1011 (461 ft QNH 1001, 52 ft Radio Altimeter), and at
1 NM from the runway threshold, the autopilot was disengaged, and the captain pitched up.

Three seconds later, at an indicated altitude of 679 ft QNH 1011 (405 ft QNH 1001), and 0.8
NM from the runway threshold, the minimum radio-altimeter height was recorded at 6 ft above
the ground, and an investigation by the French Civil Aviation Safety Investigation and
Analysis Bureau (BEA) into this serious incident is underway:

3

Distance to threshald (NM

Figure 1: First approach profile, flight path computed from recorded flight parameters (source: BEA)

EASPG04 WP22 BARO-VNAYV Approaches.docx
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4, Conclusion

4.1 The safety of baro-VNAYV approaches is dependent on correct altimeter setting, a process
which requires multiple human interventions, and can lead to serious incidents as stated above.

4.2 Other vulnerabilities of the baro-VNAV technology, such as the risk that flight crews
overestimate the precision of the baro-VNAV vertical guidance and conduct an unstabilized approach path,
exist.

4.3 By contrast, ILS, SBAS and GBAS geometric approaches are not dependent on altimeter
setting, are designed and certified to meet a 10°-7 integrity risk, and have logically proven safer in operations,
by eliminating the type of errors involved in the above mentioned incidents, than baro-VNAYV approaches.

4.4 In Europe, and other regions of the world, a non-exhaustive search through databases (BEA,
Skybrary, NASA ASR, ...) reveal occurrences of altimeter setting related incidents/accidents such as reported
here for France.

4.5 Proactive safety management is about looking for safety weaknesses and preventing accidents
before they occur.

4.6 France is of the view that in the mid/long terms only geometric vertical guidance enabled by
ILS, GBAS and SBAS can provide the needed level of safety for the expected traffic growth and increased use
of PBN approaches.

4.7 Based on the foregoing, the following is proposed:

Avoid baro-VNAYV incidents and accidents

Publish, and send to States and international organizations, an ICAQ regional bulletin with
a view to sensitizing the EUR aviation community to vulnerabilities of the baro-VNAV
technology, in particular its dependence on correct altimeter setting.

The Regional Director
In 2023

Draft EAPSG Decision 4/#_easpg04wp22/1 — Publication of a Regional Bulletin on baro-VNAV
approaches

That the ICAO Regional Director, Europe and North Atlantic:

Publish, and send to States and international organizations, an ICAO EUR bulletin with a view to
sensitizing the EUR aviation community to vulnerabilities of baro-VNAV approaches, in particular
their dependence on correct altimeter setting.

5. Action by the Meeting

5.1 The meeting is invited to:
a) note the information provided:;
b) amend as necessary and endorse the Decision in paragraph 4.7; and
c) provide direction as deemed necessary.

— END —

EASPG04 WP22 BARO-VNAYV Approaches.docx
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ORGANISATION DE L'AVIATION
CIVILE INTERNATIONALE
Bureau Europe et Atlantique Nord

INTERNATIONAL CIVIL
AVIATION ORGANIZATION
European and North Atlantic Office

ORGANIZACION DE AVIACION ME)K,HYHAPOD.HAHUOPFAHMSALI,MH
CIVIL INTERNACIONAL % e MPAXXOAHCKOU ABUALIA
Oficina Europa y Atlantico Norte ’%m EBponeiickoe/CeBepoaTtnaHtuyeckoe 61opo

3 bis villa Emile Bergerat, 92522 Neuilly-sur-Seine Cedex, France

When replying please quote
Reference : EUR/NAT 23-0252.TEC (NIA/HOI) 28 July 2023

Subject : EUR OPS Bulletin 2023 _001 on risks related to altimeter setting errors during APV Baro-
VNAYV and non-precision approach operations

Action
required : Please refer to paragraph 3

Dear Madam/Sir,

1. I wish to refer to the outcome of discussions of the Fourth Meeting of the European Aviation
System Planning Group (EASPG/4) which was held in the ICAO EUR/NAT Premises, from 29 November to
1 December 2022, and more specifically to the EASPG Decision 4/14 “Development of a Regional Bulletin

on Baro-VNAYV Approaches ”.

2. The EASPG Performance Based Navigation Consolidation Task Force (EASPG PBNC TF)
developed the EUR OPS Bulletin 2023 001 on risks related to altimeter setting errors during APV Baro-
VNAV and non-precision approach operations, which was endorsed by the EASPG Programme
Coordination Group (EASPG PCG) through correspondence in June 2023.

3. The endorsed Bulletin was published on the ICAO European and North Atlantic Office
website and can be downloaded via the following link EUR and NAT Documents (icao.int) for your perusal
and distribution to other stakeholders, as appropriate.

Yours faithfully,

o

g

Nicolas Rallo
Regional Director
European and North Atlantic Office

Distribution: ICAO EUR/NAT States of Accreditation, International Organisations, EASPG Members and Observers

National 01 46 41 85 85 Fax: National 0146 41 8500 E-mail:  icaoceurnat@icao.int
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tUR OPS BULLETIN

Serial Number: 2023 _001 Effective: 27 July 2023

Subject: Risks related to altimeter setting errors during APV Baro-VNAYV and non-precision approach operations

1. Introduction and scope

1.1 Recent incidents have highlighted that an erroneous altimeter setting can have serious consequences on flight
safety during final approach operations. After recalling how aircraft barometric altitude is determined and used
in certain approach operations, this bulletin lists a set of recommendations to mitigate altimeter setting errors.

2. Barometric altitude
2.1 Barometric altitudes are widely used in aviation today:

e to ensure vertical separation between aircraft and terrain on instrument flight procedures.
to define certain vertical approach paths.

e to determine all the minimum altitudes, in particular the MDA/DA (Minimum Descent Altitude/Decision
Altitude) on non-precision, APV and CAT I precision approaches.

—— 1 FL110 }7
Reference s
location 3 &
x g QFE 960 hPa

1013.2 hPa

QNH 1020 hPa

Figure 1 — Altimeter setting

2.2 Aircraft pressure altimeters are calibrated according to the International Standard Atmosphere, to indicate the
elevation of the aircraft above a selected datum. The selected datum depends on the barometric reference pressure
set on the altimeter sub-scale, which can be:

e QNH or local pressure at a reference location, converted to Mean Sea Level: in this case the altimeter
will indicate the altitude of the aircraft.

e 1013.2 hPa: in this case the altimeter will indicate the Flight Level of the aircraft.
o QFE or local pressure at a reference location: in this case the altimeter will indicate the height of the

aircraft above that reference location
3. Risks

3.1 The technical characteristics of the altimeter induce two risks that could lead to the determination of an
erroneous altitude:
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1) The incorrect altimeter setting
2) The temperature effect (difference between the real atmosphere and the standard atmosphere)

3.2 Barometric altimeter setting errors can lead to significant altimeter deviations. Each 1hPa error equates to
approximately 30 ft of height difference; therefore, an altimeter setting error of 10 hPa would result in an altitude
error of about 300 ft.

3.3 The effects of temperature can be anticipated because they are directly related to the deviation from the
standard ISA temperature. They can lead to a reduction of safety margins, but technical solutions exist, as well
as operational procedures, already in place, which allow to limit these effects, in particular by cold temperature
corrections.

Note — Further guidance on the “RNP approach and RNP AR approach operations in non-standard temperature
conditions™ is available in the Performance-Based Navigation (PBN) Manual (Doc 9613), Fifth Edition, Volume
11, Attachment B.

4. Final approach operations

4.1 The consequences of an erroneous altimeter setting will be more severe on the final segment of the approach
for which the obstacle clearance margins are reduced. Most final approach operations can be affected by an
erroneous altimeter setting. But they will not all be affected in the same manner.

4.2 ILS CAT I, GLS CAT I, RNP APCH down to LPV minima provide vertical guidance to the runway that is
not dependent on barometric altitude. Therefore, once established on the glide path, an altimeter setting error will
not affect the vertical profile. As a result, only the Decision Altitude (DA) based on barometric altitude, may still
be subject to an error, such that the crew might make the decision either to land or go around higher or lower than
expected, depending on the error of the altimeter setting.

4.3 On the other hand, the entire vertical path of non-precision approaches operated as either Dive & Drive
(stepdown) or using a Continuous Final Descent Approach (CDFA) technique, as well as RNP APCH to LNAV
or LNAV/VNAYV minima and RNP AR operations can all be highly impacted by altimeter setting error.

4.4 1f the altimeter setting is set incorrectly on the altimeter sub-scale, the aircraft could be significantly above or
below the safe vertical profile as determined by the procedure design. The barometric altimeter setting error will
also affect the MDA/DA and the possible check of altitude versus distance to the threshold made by the crew will
not allow them to detect this type of error.

APV

Approach with Vertical Guidance Az SR A e

VOR - VOR/DME NPA GNSS APV Baro-VNAV I APV SBAS I SBAS CAT |
NDB - NDB/DME

LOC - LOC/DME LNAV

ILS
PAR

GLS
LNAV/VNAV LPV

Conventional PBN PBN PBN GBAS Conventional
Navigation RNP APCH RNP APCH / RNP AR APCH RNP APCH Navigation

Operated in 2D or 3D (with the
use of Baro-VNAV)

Necessarily operated in 3D

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

Figure 2 — Approach procedures and Altimeter setting
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Note — APVs (Approaches with Vertical Guidance) are usually materialized under two different minima lines on
asingle RNP approach chart: LNAV/VNAV (using Baro-VNAYV technology) versus LPV (using the Satellite Based
Augmentation System, SBAS). However, the minima are associated to two different approach technologies since
Baro-VNAV relies on barometric altitude to define the vertical path, whereas SBAS is based on geometric altitude.
ICAQ therefore recommends that the term APV is not used anymore in an operational context. Operators and
pilots should be aware of these differences in order to avoid any confusion when considering the minima line.

Focus on Baro-VNAV

4.5 Baro-VNAV offers vertical guidance based on the aircraft’s barometric altitude and a vertical profile encoded
in the navigation database. It simplifies the CDFA flight technique and provides the same operating mode for
crew to perform all non-precision approaches and Baro-VNAYV approaches. The way Baro-VNAYV information
is integrated in the cockpit may make Baro-VNAYV operations look like precision approach operations. However,
unlike precision approach operations, Baro-VNAYV operations are based on barometric references, that is why the
altitude versus distance checks, which may allow detection of a final segment vertical path error when operating
an ILS, GLS or RNP with LPV minima, are ineffective for Baro-VNAV operations, as the same erroneous
information is being used for the vertical profile definition and the altitude check.

< 10 hPa setting error (e.g., 991 hPa instead of 1001 hPa) approach path

300 ft \ displaced 300 ft higher: risk of destabilisation on transition to visual

QNH correct (e.g., 1001 hPa)

P dl
/ 10 hPa setting error (e.g., 1011 hPa instead of 1001 hPa) approach path
/ , displaced 300 ft lower: risk of CFIT

Figure 3 — Example of altitude deviation resulting from altimeter setting error

\\

4.6 As with any non-precision approach operation, it is therefore imperative to ensure the correct altimeter setting
when using Baro-VNAYV, keeping in mind that both the vertical profile and the DA would be impacted in case of
error.

QNH correct (e.g., 1001 hPa): it matches with the
published vertical profile protected from obstacles
300 ft

10 hPa setting error (e.g., 1011 hPa
instead of 1001 hPa) approach path
displaced 300 ft lower

DA : determined fromOCA e.g. 410

? y. e decision altitude
% : \< :;h :Iso implzzt:d ' DbAy;
DA : same displayed value e.g. 410 ft altimeter setting error
But altitude is 300 ft lower than expected!
//////// //////Wﬂ&

Figure 4 — Example of the impact of an altimeter setting error on DA

5. Root causes

5.1 The altimeter setting involves several steps, which may be subject to errors:
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e Incorrect determination of the local barometric pressure, use of regional pressure instead of local
barometric pressure values or transmission of a wrong value by the meteorological service provider,

e Provision of incorrect QNH through ATIS (where available)

o Ineffective ATC-Pilot communication, such as: wrong value given by ATC, incorrect read back not
detected by ATC, radio/frequency issue, etc.

e Incorrect selection of the altimeter setting by the crew due to different factors such as: high workload,
confusion in the unit of the barometric setting (Inch Hg instead of hPa), confusion between QNH and
QFE, absence of effective crosscheck between crew members, flight deck system failure, etc.

Transition altitude/level
5.2 The transition level is the lowest flight level available for use above the transition altitude, where altimeter

setting is set to 1013.2 hPa. The transition altitude is the level below which the vertical position of an aircraft is
controlled by reference to altitudes, where altimeter setting is set to QNH.

TFlight Levels _ %et QNH ‘

,,,,,, - Ny Tl Transition Level ‘

Transition Layer ‘

o ~ |
Set 1013.2 - ~ - .
/7/ . N : } Transition Altitude

J/Altitudes

\ Set QNH,

Figure 5 — Transition Altitude/Level

5.3 Altimeter setting error in approach can occur when the crew switches from 1013.2 hPa to QNH and vice
versa. Depending on operators’ usual area of operation, using variable transition altitude instead of fixed transition
altitude may cause crew confusion and result in a premature or late setting of the correct altimeter reference.
Furthermore, as the crew’s workload intensifies during the descent and landing phase, a low transition
altitude/level may require the crew to adjust the altimeter settings when their workload is already high, which can
increase the likelihood of altimeter setting errors. In addition, a low transition altitude/level can reduce the
opportunity to detect a possible altimeter setting error before the aircraft intercepts the final approach segment.

6. Proposed Mitigations

6.1 Aircraft operators and ANSPs are reminded of the importance of ensuring that the correct barometric altimeter
setting is provided and entered in the aircraft’s systems.

6.2 Some mitigations are as follows:

At aircraft operator’s level

o Encourage the use of those 3D operations where final segment profiles cannot be impacted by wrong
barometric altimeter setting (ILS, RNP APCH down to LPV minima, GLS).

e Establishment and strict adherence to the standard operating procedures for the use of the VNAV
function.

o Consider adjusting the operating minima by taking into account the operational exposure and/or crew
experience with approach procedures that are vulnerable to QNH errors.

o Apply Crew Resource Management techniques, such as cross-checking and monitoring.

e Consider altitude callouts, whereby the aircraft's radio altimeter can provide height callouts to the pilot
when passing specific values (e.g. 500 ft and 1000 ft), which can be interpreted to assess whether the
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aircraft is deviating from the intended vertical profile. This mitigation is more effective when the terrain
is relatively flat.

Configure correct QNH in all altimeters (main, standby) and FMS. The flight crew should pay attention
to a barometric reference that significantly differs from the one used for approach preparation. That could
be the symptom of a barometric reference error. The flight crew should consider cross-checking of the
barometric references from all available sources (METAR, ATIS and ATS).

e Apply standard communication and phraseology between the pilot and air traffic services.
¢ Pilots should use effective Threat & Error Management (TEM) techniques to identify and mitigate against
incorrect altimetry when preparing to fly an approach that relies directly on an accurate pressure altimeter
sub-scale setting (e.g. use of Baro-VNAV, non-precision approaches).
At ANSP level

Consider fixed and harmonized transition altitudes/levels which can harmonize the switch from 1013.2
hPa to QNH.

Consider using the barometric pressure settings provided by Mode S EHS (Enhanced Surveillance) and
ADS-B equipped aircraft, to enable the timely identification of aircraft operating with incorrect
barometric altimeter setting.

Consider introducing procedures to provide aircraft with the QNH at different phases of approach,
including when clearing an aircraft for the approach or at first contact with the tower.

Apply standard communication and phraseology between the pilot and air traffic services.

Technical solutions

7.

Consider using those 3D approach procedures where the final segment cannot be impacted by wrong
QNH setting (ILS, RNP APCH down to LPV minima or GLS).
Use of recovery safety nets, such as Minimum Safe Altitude Warning (MSAW) and Approach Path
Monitor (APM) by ATC and Terrain Avoidance and Warning System (TAWS) by pilots, which can alert
actors and thus lead to recovery actions associated with operational procedures.
Note — these safety nets are not available in all aircraft or ATS units and their technology varies from
one site to another. Their intrinsic characteristics, in particular resulting from choices intended to limit
the false alarm rate, lead them, in certain cases, not to be triggered, without this being a malfunction.
To get the most consistent alerts, aircraft operators should ensure that the latest available software
version and the latest terrain and obstacle database are loaded in the TAWS.
Consider the use of datalink for transmission of MET information, including QNH, to aircraft.
Consider other emerging monitoring solutions that would offer comparison between barometric altitude
with GNSS-driven altitude.

Recommendations

7.1 In order to better manage the risks related to altimeter setting errors, in particular during APV Baro-VNAV
and non-precision approach operations, the followings are recommended:

a) General recommendations:

- toensure that awareness of the risk of altimeter setting errors and their consequences is shared;

- toassess the robustness of the mitigation measures described in the previous point, and to consider
implementing them, when relevant;

- toreport all situations that have generated deviations in order to improve the visibility of this type
of event, preferably with a perspective of the appropriate treatment in each case;

- to contribute collectively to training on this risk, to disseminate best practices and to promote
exchanges between domains in order to better understand the limits of the systems;

- MET Service providers to ensure provision of quality-assured MET information to users;

- aircraft operators, to investigate methods to identify incorrect altimeter setting with the Flight Data
Monitoring (FDM) Program; and
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- Relevant ANC Panel(s), to assess the potential review of APV Baro-VNAYV criteria concerning the
likelihood of QNH errors.

b) Recommendations on Training:

- Barometric altitude setting is largely dependent on human factors. Therefore, it is recommended to
consider appropriate initial and recurrent training subjects to pilots and ATCOs, including the
following:

For pilots:

o0 Initial and recurrent training should address the limits of barometric altimetry, and the impact
of incorrect barometric pressure settings on vertical position including those factors outlined in
this bulletin.

o0 Training and/or promotional initiatives on altimeter setting procedures, different impacts of
QNH errors between geometric and barometric approaches and possible mitigation measures,
use of standard phraseologies, adhering to read back and hear back, etc.

0 Training on 3D operations including the difference between 3D depending on Baro-VNAYV and
other 3D approach operations, highlighting the critical importance of Barometric setting for
Baro-VNAYV operations.

0 Training on 3D RNP operations highlighting the RNP chart layout where LNAV/VNAYV and
LPV minima co-exist.

For ATCO:

o0 Initial and recurrent training should address the limits of barometric altimetry, and the impact
of incorrect barometric pressure settings on vertical position including those factors outlined in
this bulletin.

0 Training and/or promotional initiatives on altimeter setting procedures, different impacts of
QNH errors between geometric and barometric approaches and possible ATC mitigation
measures on erroneous setting of altimeter setting by flight crew, use of standard phraseologies
for transmitting QNH information to pilots, paying attention to pilots’ read back and hear back,
etc.

-END -
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