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EXECUTIVE SUMMARY

Barometric vertical navigation (Baro-VNAV) approaches provide significant safety benefits over legacy
localizer (LOC), non-directional beacon (NDB) and very high frequency omnidirectional radio range
(VOR) approaches and can also enhance safety at unequipped runway ends.

However, Baro-VNAYV approaches have vulnerabilities, notably with respect to altimeter setting errors.
By contrast, instrument landing system (ILS), satellite-based augmentation system (SBAS) and ground-
based augmentation system (GBAS) geometric approaches are not dependent on altimeter setting.

The European Union Aviation Safety Agency (EASA) and the ICAO EUR Region have published a safety
information bulletin and an OPS bulletin respectively, appended to this information paper, on the risks
related to altimeter setting errors during approach procedure with vertical guidance (APV) Baro-VNAV
and non-precision approach operations. These bulletins contain proposed mitigations, which are offered
for consideration by the international aviation community, in particular the appropriate ICAO expert
groups.

1. INTRODUCTION

11 The use of Baro-VNAYV to fly vertically guided performance-based navigation (PBN)
approaches is currently supported by the PBN Manual as Required Navigation Performance approach (RNP
APCH) down to lateral navigation (LNAV) or LNAV/vertical navigation (VNAV) minima and is included
in Global Air Navigation Plan (GANP) Aviation System Block Upgrade (ASBU) element NAVS-B03. The
navigation technologies used for these approaches are GPS with aircraft-based augmentation systems
(ABAS) for lateral guidance, and a barometric system for vertical guidance.
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1.2 This approach capability is available over a large segment of the transport category aircraft
(mostly Airbus/Boeing).

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

14 Baro-VNAV based approaches have however vulnerabilities, notably with respect to
altimeter setting errors.

2. DISCUSSION

2.1 Barometric vertical guidance was initially designed to fly continuous descents within
terminal manoeuvring areas (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 The main vulnerability of Baro-VNAV approaches lies in their dependence on correct
altimeter setting.

2.3 Correct altimeter setting involves multiple human interventions (e.g. determination of the
local altimeter sub-scale setting to obtain elevation when on the ground (QNH) by the meteorological
service provider, publication of the local QNH in automatic terminal information service (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).

2.4 By contrast, geometric vertical guidance systems such as ILS, GBAS and SBAS, are not
dependent on altimeter setting, and are designed and certified to meet a 107 integrity risk.

3. CONCLUSION

3.1 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.

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

3.3 EASA published a safety information bulletin (SIB No.: 2023-03) dated 9 March 2023,
that can be found in the Appendix A to this paper, describing the issue and recommendation for air
navigation services provider (ANSP) and aircraft operators. The SIB is also available at:
https://ad.easa.europa.eu/ad/2023-03

34 The ICAO EUR Region also published the EUR OPS bulletin®, effective 23 July 2023, in
order to draw attention to the risks related to altimeter setting errors during APV Baro-VNAYV and non-
precision approach operations, and propose mitigations. The EUR OPS bulletin can be found in Appendix B
to this paper.

3 The EUR OPS bulletin is available at: EUR OPS Bulletin 2023 001.pdf (icao.int)
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EASA SIB No.: 2023-03

E AS A (S)::::_znin_f:::/l::ion Bulletin

Larooser Unios Avistion Jelely Agevcy
SIB No.: 2023-03
Issued: 09 March 2023
Subject: Incorrect Barometric Altimeter Setting

Ref. Publications:
None.

Applicability:
Aircraft operators and Air Navigation Service Providers.,

Description:

Recent serious incidents have highlighted a concemn on the effects of incorrect barometric
altimeter settings when operating below the transition level. Operating with an incorrect altimeter
setting could result in insufficient clearance with terrain and obstacles, or a loss of separation with
other traffic, which may potentially lead to CFIT (refer to the acronyms list in Appendix 1 of this
SIB) or mid-air collision,

Procedures relying on the use of barometric altimetry have been used for many years and have
considerably improved safety by offering vertical guidance to runways, which were previously
served with 2D instrument approach procedures or even visual approach procedures.

incorrect barometric altimeter setting, however, could severely affect the safety margins
protecting a variety of approach procedures that are based on the use of barometric altimetry for
vertical navigation (e.g. RNP APCH to LNAV/VNAV minima, RNP AR APCH), or that are flown using
the CDFA technique that rely on a BARO-VNAV equipment onboard to compute the vertical profile
and to provide vertical guidance along the descent (e.g., NDB, VOR, LOC). In addition, it is
highlighted that when using barometric altimetry for vertical navigation, altitude/distance cross
checks in the Standard Operating Procedures do not detect an incorrect barometric altimeter
setting.

Vertical guidance provided by ILS, SBAS (RNP APCH to LPV minima) or GBAS is not vulnerable to an

Setting the correct barometric values invoives several steps that may be subject to errors,
including the following: the determination of the local barometric pressure by the meteorological
service provider, the broadcasting of the local QNH (or QFE) through ATIS (where available), the
radio transmission of the local QNH (or QFE) by Air Traffic Services to the flight crew, and, finally,
the altimeter setting by the flight crew from 1013.2 hPa / 29.92 inHg to QNH (or QFE).
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At this time, the safety concern described in this SIB is not considered to be an unsafe condition
that would warrant Safety Directive (SD) action under Commission Regulation (EU) 965/2012,
Annex I, ARO.GEN.135(c), nor under Commission Regulation (EU) 2017/373, Annex I,
ATM/ANS.ARA.030.

Recommendations:

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

To prevent the risk of incorrect barometric setting and mitigate its potential consequences, the
following practices are recommended:

To ANSPs:

- Consider introducing procedures to provide aircraft with the QNH (or QFE) when dearing an
aircraft for the approach or at first contact with the tower.

- Consider the use of the barometric pressure settings that Mode S EHS equipped airaraft
downlink to enable timely identification of aircraft operating with incorrect barometric
altimeter setting.

To aircraft operators:

- Develop procedures to support pilots in checking the consistency of the QNH (or QFE) with
previous settings and other available sources (e.g. ATIS).

- [Ensure that the latest available software version and the latest terrain and obstacle database
are loaded in the Terrain Awareness and Warning System (TAWS).

- Investigate methods to identify incorrect aitimeter setting with the FDM Programme.

In addition, ANSPs and aircraft operators are reminded of the obligations on the use of standard
phraseology [ref. Commission Implementing Regulation (EU) No. 923/2012] and on reporting of
occurrences [ref. Regulation (EU) No. 376/2014].

Contact(s):
For further information contact the EASA Safety Information Section, Certification Directorate.

E-mail: ADs@easa europa sy

This is information only. R dations are not mandatory.
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Appendix 1 — Acronyms list

2D instrument approach  Two-dimensional instrument approach operation means an instrument

approach operation using lateral navigation guidance only

ANSP Air Navigation Service Providers

ATIS Automatic Terminal Information Service
BARO-VNAV Barometric Vertical Navigation

CDFA Continuous Descent Final Approach

CRT Controlled Flight Into Terrain

FDOM Flight Data Monitoring

GBAS Ground Based Augmentation System

IS Instrument Landing System

LMNAV Lateral Navigation

LOC Localiser

LPV Localiser Performance with Vertical Guidance
Mode 5 EHS Mode 5 Enhanced Surveillance

NDB Non-Directional Beacon

QFt Pressure at airfield elevation

ONH Pressure reduced to mean sea level

RNP APCH Required Mavigation Performance Approach
RNP AR APCH Required Mavigation Performance "Authorization Required” Approach
SBAS Satellite Based Augmentation System

TAWS Terrain Awareness Warning System

VNAV Vertical Navigation

VOR VHF Omnidirectional Radio Range

Thits is information only. Recommendations are not mandatory.

TE.CAPML17-007 & Eurcpean Union Aviztion Safety Agency. All rights reserved. 509001 Certified.
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EUR OPS BULLET

Subject: Risks related to altimeter setting errors during AFV Bare-VNAV and non-precizion approach operations

1. Introduction and scope

1.1 Recent incidents have highhghted that an ermonecus alhmeter sethng can have serious consequences on flight
1in cerfain approach operations, this bulletin lists a set of recommendations to mitigate altmeter sethng errors.

b8 Barometric altitude

2.1 Barometne altiudes are widely used in aviation today:

*  fp ensure verfical separation befween areraft and terrain on mstroment flight procedures.

* fp define certain vertical approach paths.

*  to determine all the minimum altindes, in partienlar the MDADA (Mnirmom Deseent AltitndeThecision
Altitude) on pon-precision, APV and CAT I precision approaches.

?é%—"_—l" - FL11E
Reference =
location g
- | 0OFF 560 hFa |
| 10132 -2

QHH 1020 hPa

Figure 1 — Altimetar setting

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

* (NH or local pressure at a reference location, converted to Mean Sea Level: in this case the altimeter
will mdicate the albitnde of the aireraft

s 10132 hPa: in this case the altimeter will mdicate the Flight Level of the aireraft
* (FE or local pressure at a reference location: in this case the alhmeter will indicate the height of the
awrcraft above that reference location

3 Risks

3.1 The techmical characteristics of the altimeter mnduce two nisks that could lead to the defermmation of an
erronecus altitude:
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1} The incomect altimeter setting
1) The temperaiure effect (difference between the real atmoesphere and the standard atmosphere)

3.2 Baromefric altimetfer setiing ermors can lead to significant altimeter deviations. Each 1hPa emor equates to
approximately 30 ft of beizht difference; therefore, an altimeter setting error of 10 hPa would result in an altitnde
ermor of about 300 fi.

3.3 The effects of temperature can be anticipated because they are directly related to the deviation from the
standard ISA temperamre. 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
Cormections.

Note — Further guidance on the "RNP approach and RNF AR approach operations in non-standard temperanra
conditions ™ is available in the Performance-Based Navigation (FBN) Mmual (Doc 961 3), Fifth Edition, Folume
IT, dAvtachmant B.

4. Final approach operations

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

4205 CATIL GLS CAT L, EMP APCH down to LFV minima provide vertical guidance to the moway that is
not dependent on barometric altitnde  Therefore, once established on the glide path, an altimeter setting emror will
not affect the vertical profile. As a resunlt, only the Decision Altimde (DA) based on barometric altimde, 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
expecied, depending on the error of the altimetar setting.

4.3 Om the other hand the entire vertical path of non-precision spproaches operated as either Dive & Drive
(stepdown) or using 3 Continnous Final Descent Approach (CDFA) techniquoe, as well as BENP APCH to LHAV
or LNAV/VNAV minima snd BINP AR operations can all be highly impacted by altimeter setting ermor.

4.4 If the altimeter setting ic set incormectly 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
alsp affect the MDA/DA and the possible check of altimde versus distance to the threshold made by the crew will
not allow them to detect this type of error.

Precision Appreach
rEN PBA Comventional
= o || Tovasin
P——
_nevsws | [Csmson | [ -
o o~
| |
Operated m 2D ar 3D (with the Wecessarily operated in 30

use of Baro-VINAW)

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

Figure I — dpproach procedures and Alttmeter serting
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Note — APF: (dpproaches with Fertical Guidance) are wually materialized under two different minima lnes on
a single RNF approach chart: LNAF/VNAF (using Baro-FNAF sechnology) versus LPF (using the Savellite Based
Augmentation System, S5EAS). However, the minima are associated to two different approach technologies since
Bare-FNAF relies on barometric altitude to deffne the vertical path, whereas SBAS i based on peometric altitude.
ICAQ thergfore recommends that the term APF is not used amymore in an operational confext. Qperators and
pilots should be aware of these differences in order to avoid any corfusion when considering the minima ling.

Focus on Bare-FNAV

4.5 Baro-VNAV offers vertical puidamce based on the aircrafi’s barometric altitude and a vertical profile encoded
in the navigaton database I simplifies the CDFA flight technique and provides the same operating mode for
crew to perform all non-precision approaches and Baro-VHAV approaches. The way Baro-VHAY information
is integrated in the cockpit may make Baro-VMNAY operations look like precision approach operations. However,
unlike precision sapproach operations, Bare- VAV operations are based on barometric references, that is why the
altitode versus distance checks, which may allow detection of a final segment vertical path error when operating
an ILS, GLS or BNP with LFV minima, are ineffactive for Baro-VHNAV operations, as the same emonecus

10 hPa setting error (eg., 991 hPa instead of 1001 hPa) approach path
300 ft displaced 300 ft higher: risk of destabilisation on transition to visual

300 fr OMH correct [eg., 1001 hPa)

10 hPa setting error (e.g., 1011 hPa instead of 1001 hPa) approach path
displaced 300 &t lower: risk of CFIT

ot ErhhR o

Figure 3 — Example qf altitude daviation resulting from altimeter setfing error

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

OMH comect (&g, 1001 hPu): it sratches with the
publshed verical profie protected from chstackes

300 e
10 hPa setting emor (&g, 1011 hFa
Inestiead of 1001 hPa) apgros path
displaced 300 it lower
D, : determined from OCA e.g. 410
The decision altitude, DA,
T is also impacted by
TEERE D - same displayed walue &g 430 ft altimeter setting error
f But altitude is 300 ft lower than expeched]
Figure 4 — Example qf the impact of an altimeter setting arror on D4
5 Root camses

5.1 The altimeter settiing involves several steps, which may be subject to errors:
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Incommect determunation of the local barometnc pressure, use of regional pressure instead of loecal

barometnc pressure values or transmission of a wrong value by the metecrological service provider,

a  Provision of meorrect QNH through ATIS (where available)

#  Ineffective ATC-Pilot commumeation, such as: wrong vale given by ATC, meorrect read back not
detected by ATC, radiw/frequency issue, ete.

# Incomrect selection of the altimeter setting by the crew due to different factors such as: hgh workload,

confusion m the unit of the barometric settmg (Inch Hg instead of hPa), confusion between (NH and

QFE, absence of effective crosscheck between crew members, flight deck system failure, ete.

Transition altimdeTevel

5.2 The transifion level 1s the lowest flight level available for use above the transition altitude, where altimeter
setting is set to 10132 hPa_ The transition altitude is the level below which the vertical pesition of an aircraft is
controlled by reference to altitudes, where altimeter sethng i set to QINH.

i.=li'_l- Imxls S_QI'-\.:iermu

ransdian Lesel

Irarsition Laysr

Rar 7143 ¥ i
e - Tramitio Allilida

Alttudes bl

E-‘,‘S‘rr awil
Figure § — Transition Altituds/Level

5.3 Altimeter setting ervor n approach can occur when the crew swatches from 10132 hPa to QNH and vice
versa. Depending on operators” usal area of operation, using variable fransition alhfude mstead of fixed transition
altiude may cause crew confusion and result in a premature or late sethng of the correct altimeter reference.
Furthermore, as the crew’s workload intensifies durmg the descent and landing phase, a low transiton
altitede/level may require the crew to adjust the alhimeter settings when thewr worklead 15 aleady high, which can
increase the hkelihood of altmeter setting errors. In addition, a low transifion alttudelevel can reduce the
opportunity to defect a possible aliimeter sething ermor before the aweraft infercepts the final approach segment.

6. Propozed Mitigations

6.1 Aurcraft operators and ANSPs are reminded of the importance of ensuning that the comect barometric altimeter
satting 15 provided and entered m the airerafi’s systems.

6.2 Some mufigations are as follows:
At aweraft operator’s level

# Encourage the use of those 3D operations where final segment profiles carmot be mmpacted by wrong
barometne altimeter sething (ILS, RNP APCH down to LFV mimima GLS).

o Establishment and strict adherence to the standard operating procedures for the use of the VAV
funchon

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

+ Apply Crew Resource Manapement techmaues, such as cross—checking and momtoring.

4 Consider altiiude callouts, wherebry the aireraft's radio altimeter can provide height callouts to the pilot
when passing specific values (e.g. 500 ft and 1000 fi), which can be interpreted to assess whether the
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15 relatively flaf.

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

a Apply standard commumeation and phraseclogy between the palot and air traffic services.

*  Pilots should use effective Threat & Error Management (TEM) techmques to 1dentify and mutizate agaimst
incorrect albmetry when prepanng to fly an approach that rehies directly on an acourate pressure albmeter
sub-scale sefting (e.z. use of Bare-VNAV, non-precision approaches).

At ANSP level

# Consider fixed and harmonized transition altiftudeslevels which can harmonize the switch from 10132
bPa to QNH

¢ Consider using the barometne press=ure sethngs provided by Mode 5 EHS (Enhanced Survesllance) and
ADS-B equpped aircraft, fo enzble the timely idemtification of awrcraft opersting with incomect
barometnc altimeter sethng.

& Consider infroducing procedures to provide ameraft wath the QNH at different phases of approach,
meluding when clearing an aircraft for the approach or at first contact with the tower.

& Apply standard commmmication and phraseclogy between the pilot and air traffic services.

Technical sohrhons

# (Consider using those 3D approach procedures where the final segment cannot be impacted by wrong
QNH setting (ILS, KNP APCH down to LPV mimma or GLS).

# Use of recovery safety nets, such as Mimmum Safe Albtude Warning (MSAW) and Approach Path
Monator (APM) by ATC and Terrain Avoidance and Warning System (TAWS) by pilots, which can alert
actors and thus lead fo recovery actions assooated with operational procedures.

Neote — these sqfety nets are not available in all aivergft or ATS writs and their technology vavies from
one site to another. Their imtrinsic characteristics, in particular resulting from choices intended to limit
the false alarm rate, lead them, in certain casez, not to be iriggerad, without this being a malfumction.
To ger the most consistent alerts, aircraft operators should ensure that the lavest availabls software
version and the latest tevrain and obstacle database are loaded in the TAWS.

# Consider the use of datalink for fransmission of MET information, including QNH, to aireraft.

& Consider other emerging momtoring solutions that would offer companson between barometnic altitude
with GHNS5-driven altitude.

T. Recommendations

?llumdutubettamanaggﬂmusks related to altnmtersethngu:rms mpm'hcular&nmgAP'\FBmu-\?NAV

a) General recommendanons:

- toensure that awareness of the nisk of allimeter sethng errors and their consequences 1s shared;

- toassess the robustness of the mutipahon measures descnbed in the previous point, and to consider

- toreport all siuahons that have generated deviations m order to mmprove the visibility of this type
of event, preferably with a perspective of the appropniate treatment in each case;

- to coninbute collectively to tramming on this nsk, to dissemmnate best prachices and fo promote
exchanges between domains in order to better understand the limyts of the systems;

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

- aircraft operators, fo Imvestigate methods to identify incomect altimeter setting with the Flight Data
Menitoring (FDM) Program; and
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Relevant ANC Panel(s), to assess the potential review of APV Baro-VHAV critenia concerming the
likelihood of QNH emrors.

b) Recommendanons on Training:

Barometnic altitude setiing 15 largely dependent on lmman factors. Therefore, 1f 15 recommended to
consider appropnate 1mfial and recurrent trammng subjects to palots and ATCOs, mncluding the
following:

ilofs:

Intial and recurrent traming should address the linuts of baromeinc alhimetry, and the 1mpact
of Incomect barometnic pressure settings on vertical position inchodmg those factors outlined i
this bulletin.

Traming and'or promotional inthafives on albmeter sething procedures, different ympacts of
QNH emmors between peometnic and barometric approaches and possible mifigation measures,
use of standard phraseclogies, adhenng to read back and bear back, ate.

Traming on 3D operations meluding the difference betwreen 3D depending on Baro-VINAV and
other 3D approach opemtions, highlighting the entical mportance of Barometric sethng for
Baro-VMNAV operations.

Traming on 30 ENF operations highlighting the BNP chart layout where LTNAV/VHNAWV and
LPV mimima co-exist

Eor ATCO:;

o

Itial and recurrent traming should address the himmts of barometnc alimetry, and the impact
of incomect barometnc pressure sethngs on vertical position inchidmg these factors cuthned m
this bulletin.

Traming and'or promotionzl inthiafives on alimeter sething procedures, different 1mpacts of
QNH errors between geometric and barometnic approaches and possible ATC muhgaton
mezsures on erronecys setting of alttmeter setiing by flight crew, use of standard phraseologies
for trapsmutting QINH information to pilots, paying attention o pilots’ read back and hear back,
ate.

_END -
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