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1 Introduction

1.1 This report

This report summarises a study undertaken on behalf of the Greater Toronto Airports
Authority (GTAA) to research noise management activities and best practices at 26
comparator airports worldwide. The output of the study is a set of potential new
programmes and initiatives for GTAA to pursue that are aimed at mitigating the impacts of
aircraft noise and/or enhancing community engagement.

1.2 Background

Toronto Pearson has the opportunity to become
By 2037, it is expected that annual demand for the airport will reach 85 million passengers

and approximately 630,000 aircraft movements. The GTAA understands that, while growth

will provide economic benefits for the community and wider economy, it will also bring

impacts, including aircraft noise. Therefore, GTAA recognises that any growth must be

sustainable and in partnership with local communities. This will include noise mitigations

that provide a material benefit for the community.

With this in mind, on the basis of best practice techniques used at other airports around
the world, the GTAA wishes to understand how:

9 Aircraft noise is managed and mitigated elsewhere in the world.

1 Community engagement can be enhanced.

1.3 GTAA Noise Management Programme

The GTAA has a Noise Management Programme that follows the principles of the
International Civil Aviation Organisation (ICAO) Balanced Approach to Aircraft Noise
Management. The GTAA Noise Management Programme uses a mixture of elements to
mitigate operational impacts, including:

1 Land Use Planning which identifies an Airport Operating Area (AOA) to support
municipalities in developing compatible land uses in the areas surrounding Toronto
Pearson.

1 Noise Operating Restrictions which includes a night flight programme and night-
time preferential runway assignments.

1 Noise Abatement Procedures to minimise the noise impacts on communities in the
immediate vicinity of Toronto Pearson during take-off and landing.

1 Reduction of Noise at Source through restrictions on older/noisier aircraft types.

1 An Enforcement Office which investigates, audits, and reports on potential violations
of the GTAA Noise Management Programme.

1 A Noise Management Office which investigates complaints, monitors noise levels,
and acts as an informational resource.

1 The ICAO Balanced Approach to Aircraft Noise Management is based upon four principles - reduction of noise
at source, land-use planning and management, noise abatement operational procedures and operating
restrictions. Guidance on the Balanced Approach is provided in ICAO Doc 9829, Guidance on the Balanced
Approach to Aircraft Noise Management.

P2338D003 6
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I Consultation and Outreach to engage with communities on concerns about aircraft
noise, and build awareness and understanding about the airporté s r ol e i n t he
community.

1.4 Objective of this study

The GTAA has a Five-Year Noise Management Action Plan (2013-2017) aimed at
reviewing, validating and updating the airport& existing Noise Management Program.

One element of the current Action Plan is to review noise management programmes at
other airports similar to Toronto Pearson, with the objective of identifying similarities and
potential new programmes or initiatives for GTAA to pursue (this study). Any new
programmes or initiatives should be viable within the existing regulatory and operational
environment at Toronto Pearson, and aimed at mitigating the impacts of aircraft noise
and/or enhancing community engagement.

The proposals for new programmes and inxtitiative:
Five-Year Noise Management Action Plan (2018-2022).
15 Overview of approach

The study has researched 11 areas of noise management at 26 comparator airports
worldwide (see Figure 1) using publicly available material. Using the information gathered
and current/planned noise management activities at Toronto Pearson, potential new
programmes and initiatives for GTAA to pursue have been proposed.

It is noted that an assessment of the financial costs and resources associated with any
potential new programmes or initiatives was not in the scope of this study.

Airports researched (26 plus Toronto Pearson)

1 Toronto Pearson 1 Atlanta (Hartsfield-Jackson) 1 Copenhagen (Kastrup)
T Vancouver 1  New York (JFK) 1 Madrid Barajas
1 Montreal London Heathrow 9  Dubai International
1 Ottawa f London Gatwick 1 Istanbul Ataturk
1 Calgary 1 Frankfurt 1 Sydney
1 Los Angeles (LAX) 1  Amsterdam (Schiphol) 1  Auckland
 San Francisco International Zurich 1 Hong Kong
T Chicago O6Har e ¢§ Paris(Charles de Gaulle) 1 Shanghai Pudong
1 Santa Ana (John Wayne) 1 Brussels 1 Singapore Changi
Eleven areas of noise management investigated
1  Quieter fleet initiatives 1 Noise abatement procedures 1 Independent noise
f  Runway schemes 1 Fly Quiet programmes ombudsman
f  Night flight restrictions f Land use planning 1 Community outreach
1 Ground and gate operations  {  Noise complaints 1 Noise reporting and metrics
Figure 1: Airports and areas of noise management researched by the study
P2338D003 7



1.6 Contents of this report
This report is structured as follows:

I Section 2 summarises the methodology used in the study. The questions investigated
by the research can be found in Annex A.

I Sections 3 to 13 document the practices at the 26 airports researched, current
activities at Toronto Pearson and the potential new programmes or initiatives for
GTAA to pursue in each of the 11 areas of noise management researched. This is
supported by a more detailed write-up of the research, including case studies, in
Annex C.

1 The potential new programmes and initiatives proposed for GTAA to pursue are
summarised in Section 14. A summary list of potential new programmes and initiatives
can be found in Annex B.

P2338D003 8



2

Methodology

The approach used for the study is summarised in Figure 2 and the subsequent text.

Agree objectives & scope with GTA

«I

Agree comparator airports &
methodology

Gather data for 26 airports
& Toronto Pearson

Summarise research for @&éports

& Toronto Pearson

Review with GTAA

Potentialnew programmes and initiati
for GTAA tgursue& reporting

Figure 2: Overview of approach

Agree objective & scope with GTAA: This task reconfirmed the objectives of the
study, agreed upon 11 areas of noise management to be researched?, and agreed
that the research would be undertaken using publicly available information.

Agree comparator airports & methodology: An initial list of 45 candidate airports
was established comprising other major airports in Canada, global hubs and other
large and medium size airports known for their good noise management practices.
Each airport was reviewed against a simple set of criteria to ensure compatibility with
Toronto Pearson (Table 1)3, based upon which it was agreed with GTAA* to research
26 of these airports (Figure 3). Objectives were set for each of the 11 areas of noise
management to be researched (Table 2). These objectives were then sub-divided into
a small number of questions to be investigated for each airport (Annex A).

2 The original terms of reference were to research 6 areas of noise management. This was extended to
encompass all the noise management activities undertaken by GTAA.

3 The terms of reference for the study were that comparator airports should be similar in operations, projected
growth and urban environment to Toronto Pearson. It was subsequently agreed with GTAA to include the other
main airports in Canada, and some airports with fewer annual aircraft movements than Toronto Pearson that were
known to apply a broad range of noise management practices.

4 The terms of reference for the study were that comparator airports should be jointly determined with GTAA.
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Canadian To provide a national comparison, the other main airports in Canada were
airports included.
Airports were classified according to their annual number of Air Transport
Movements (ATMs) - less than 250,000 ATMs per annum, 250,000-349,000
ATMs per annum and greater than 350,000 ATMs per annum. The purpose
Operations was to ensure that the research included airports with a comparable number of
and aircraft annual ATMs to Toronto Pearson. The rationale for this criteria was that
movements (i) airports with less traffic/lower growth than Toronto Pearson may be able to
apply more stringent noise restrictions and (ii) airports comparable in size to
Toronto Pearson are more likely to have similar levels of resources/budget
dedicated to noise management activities.
The location of each airport relative to population centres was investigated.
Airports were grouped into those (i) located in the immediate vicinity of
Urban population centres, (ii) not located close to population centres, but population

environment

centres located under the flights paths and (iii) rural locations. Again, the
intention was to ensure that the sample of airports researched included airports
that, similar to Toronto, are located close to population centres.

Similar studies in the public domain were reviewed to identify which airports

Noise - - . . .

had a wide range of noise management practices. This resulted in some
management . )

. airports that have fewer annual aircraft movements than Toronto Pearson, but

practices . : > e ;

a broad range of noise management practices, being included in the study.
Availability of | A review of the airportsdwebsites was undertaken to determine if a suitable
public data level of information was publicly available to support the study.

5
>

ND
gl *

>

o9
. -

Table 1: Qualitative criteria for selecting airports

« Toronto
*Vancouver
*Montreal
«Oftawa

«Calgary

+ Dubai International
« Istanbul Ataturk

*Hong Kong
+ Shanghai Pudong
+ Singapore Changi

+London Heathrow
+Los Angeles * London Gatwick
+San Francisco pEvanKAL
: 2 « Amsterdam (Schiphol)
« Chicago O'Hare + Zurich
+Santa Ana (John Wayne) :
+Atlanta (Hartsfield-Jackson) favle (Cherias de Geese)
* Brussels 2
*New York (JFK) \)'
« Copenhagen v /
kMadrid Barajas / - Sydney
* Auckland

Figure 3: Airports researched during the study (26 plus Toronto)
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Quieter fleet
initiatives

Identify incentive programmes used at other airports to encourage airlines to
adopt/expedite the purchase of quieter fleets and/or pursue known airframe noise
issues such as those that occur with some A320 family aircraft.

Night flight
restrictions

Identify practices in night-time operating restrictions at other airports.

Runway schemes

Identify runway schemes that are used at other airports for the purpose of providing
periods of respite/relief from aircraft noise.

Ground & gate
operations

Identify practices in noise operating restrictions for aircraft on the ground/at the gate at
other airports.

Noise abatement

Identify noise abatement procedures applied at other airports for arriving and

procedures departing aircraft.
Fly Quiet Determine the benefits and impacts of a Fly Quiet programmes in place at other
programmes airports.

Land-use planning

Identify how other airports deal with pressures for residential developments in areas
deemed 'incompatible’ due to noise exposure.

Noise complaints

Review the noise complaints process/policy at other airports.

Community
outreach

Identify the best practices, structures and processes of community engagement
committees similar to CENAC.

Noise ombudsman

Explore the role of the independent noise ombudsman around the world.

Noise reporting and
metrics

Identify best practices in noise metrics and reporting to reflect the current noise
environment.

P2338D003

Table 2: Objectives for each area of noise management researched

1 Gather data for 26 airports & Toronto Pearson: Data for the 26 airports was

gathered from publicly available sources. These included noise pages on the airportsé
website, noise management programme brochures, annual noise reports, airport
master plans, the noise abatement pages from the airportséaeronautical information
publication (AIP), documents published on the websites of community noise forums
and other recent research documents on noise programmes.

Summarise research for 26 airports: The research across the 11 areas of noise
management was summarised into a set of best practices. Where useful, this was
complemented by short case studies and simple benchmarking.

Review with GTAA: The findings of the research was reviewed with GTAA. This
allowed for further information gathering on current practices at Toronto Pearson as
well as understanding which noise management measures would provide benefit.

Identify potential programmes and initiatives for GTAA to pursue & reporting:
Based on the research, and current/planned noise management activities at Toronto
Pearson, potential new programmes or initiatives for GTAA to pursue were proposed.

Each potential new programme and initiative was supported by a rationale.

Identification of potential new programmes and initiatives for GTAA to pursue

The potential new programmes and initiatives presented in this report have primarily
been developed on the basis of best practices in noise management at other
comparator airports, the existing regulatory environment and operations at Toronto
Pearson, and our best judgement as to which practices could provide a meaningful
benefit to local communities and/or GTAA. An assessment of the financial costs and
resources associated with any potential new programmes or initiatives was not in the
scope of this study.




3 Quieter fleet initiatives

3.1 Introduction

Most of the airports researched have measures to encourage airlines to use the quietest
aircraft types in their fleet and/or expedite the purchase of quieter fleets. These include
restrictions on certain types of aircraft (typically at night), incentive schemes, voluntary
arrangements and comparing fleets between airlines.

3.2 Summary of best practice research

A summary of the findings of the research is presented below. More detail, including case
studies, is provided in Annex C.

1 Operating restrictions T restricting the operations of the noisiest aircraft types:
These involve restricting the operation of certain, often older/noisier, aircraft types,
particularly at night. Such restrictions are typically based on some form of noise
categorisation, for example, using the certified noise values on the aircraft operating
certificate or ICAO Chapter number. Airports ban or tightly restrict the operation of
ICAO Chapter 25 aircraft. In addition to this, some place night-time bans or restrictions
on marginally compliant® Chapter 3 aircraft, Chapter 3 aircraft or aircraft above certain
certified noise levels.

1 Financial mechanisms - noise based charging schemes: All but one of the
European airports researched incentivise quieter fleets by including a noise charge in
the landing and/or take-off fee. These schemes group aircraft into charging bands
based upon the certified noiselevels f ound on an aircrisiCA@s noi se
Chapter number. Lower noise charges are levied on aircraftinthe 6 q u i @harging 6
bands to incentivise their use. In addition, noise charges are increased at night. For
example, at London Heathrow, charges are increased by a factor of 2-2.5 at night for
all aircraft. Similarly, at Amsterdam Schiphol, noise charges for the noisiest category
of aircraft are more than doubled at night.

1 Financial mechanisms - financial incentives to operate quieter aircraft types:
Two airports were found to use financial incentives to encourage airlines to replace
existing aircraft types with quieter ones. The scheme operated by Zurich airport
incentivises airlines to use a quieter aircraft on one of its existing routes by reducing
landing charges for up to 3 years. Amsterdam Schiphol incentivises cargo airlines to
replace marginally compliant Chapter 3 dedicated freighter flights with a quieter
freighter aircraft through a financial incentive per departure during the first year of
operation.

1 A320 family retrofit schemes: A r el ati vely new initiative is
generated on approach by the Airbus A320 family of aircraft. The aircraft have small
vents on each wing designed to help equalise the fuel pressure in the intra wing tanks.
When air rushes pastthevents,i t cr eat es a hiTgenmeismisimgehed o6whi n
modification (known as a vortex generator) which can resolve the issue and reduce

5 The International Civil Aviation Organisation (ICAO) has a number of noise standards, these are referred to as
Chapters. For subsonic jet and heavy propeller driven aircraft there are four Chapters i Chapter 2, Chapter 3,
Chapter 4 and Chapter 14. The higher the Chapter number, the more stringent the noise standard (i.e. the
Chapter 2 standard was adopted in 1972, and is much less stringent that the most recent standard, Chapter 14).
6 Most aircraft meet the Chapter 3 noise standard by a certain noise margin. Marginally compliant Chapter 3
aircraft meet this Chapter 3 standard within a cumulative margin of not more than 5 decibels Effective Perceived
Noise level (5EPNdB). EPNdB is a noise unit used for aircraft noise certification tests.
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the noise generated by the aircraft by up to 4-9 decibels’. Six of the 26 airports
researched have encouraged airlines to retrofit their aircraft with a vortex generator
either through modified landing charges or voluntary agreements.

1 Fly Quiet Programs: Heathrow and San Francisco have metrics in their Fly Quiet
programmes that compare airline fleets against one another with quieter fleets scoring
better.

3.3 Toronto Pearson today

Toronto Pearson does not allow the operation of Chapter 2 aircraft, or aircraft with no
Chapter number, at night (see table below). Additionally, Chapter 3 or quieter aircraft
operating at night on a scheduled or repetitive basis must obtain an exemption or
extension:

1 Exemptions are for aircraft scheduled to operate at night.

1 Extensions are for aircraft scheduled within normal airport hours (0630-0029 local)
and delayed on the day of operation due to weather, mechanical, security and ATC

delays.
Aircraft Restricted hours (local time) - Tvoe of restriction
(noise certification type) arrivals and departures yp
No Chapter number assigned 2000-0800
No allowed to operate
Chapter 2 aircraft 0000-0700
Chapter 3 aircraft 0030-0630 Exemption or extension
All other Chapters 0030-0630 required to operate

Table 3: Noise related operating restrictions at Toronto Pearson

3.4 Potential new programmes and initiatives for GTAA to pursue

Objective

Encourage airlines to use the quietest fleet possible for a given operation (e.g. long-
haul, short-haul, regional) through a combination of voluntary initiatives, operating

restrictions and, as appropriate, financial mechanisms.

Potential new programmes and initiatives

QF1 | Investigate more stringent restrictions on the noisiest aircraft types at night.

Establish a programme to retrofit A320 family aircraft operating to/from Toronto Pearson
QF2 | with vortex generators.

Establish a programme to determine how financial mechanisms could be used to
QF3 | incentivise the use of the quietest aircraft types, should they be required in the future.

Table 4: Potential new programmes and initiatives for quieter fleets

7 Source: www.a320whine.com.

P2338D003 13



The rationale for potential new programmes and initiatives is explained below:

1

Further restricting the operation of the noisiest aircraft types: A number of the
airports researched restrict the operation of Chapter 3 aircraft at night. The types of
restrictions vary but broadly include marginally compliant Chapter 3 aircraft, Chapter 3
aircraft and aircraft above a certain certified noise levels. It is therefore proposed that,
depending on the current fleet mix, GTAA determine the benefit/impact of applying
similar practices at Toronto Pearson.

A320 retrofit: In 2016, A319/A320/A321 aircraft accounted for approximately 18% of
all flights at Toronto Pearson®. While to date only a small number of airports have
encouraged airlines to retrofit A320 family aircraft with wake vortex generators, it is an
activity that has recently gained traction as awareness of the issue and its ease of
resolution have spread. Although there is a cost involved, retrofitting can be achieved
in relatively short timescales, and there is a demonstrable noise benefit. As per other
airports, this could be addressed through voluntary agreements with airlines or via
financial mechanisms. Other North American airports have started to lead on this
issue, and it is advisable for GTAA to do the same at Toronto Pearson.

Financial mechanisms: Best practice in Europe is for airports to use financial
mechanisms to incentivise airlines to use the quietest aircraft possible for a given type
of operation (long-haul, short-haul and regional), primarily through the inclusion of a
noise charge in the landing/take-off fee. The implementation of financial mechanisms,
particularly noise based charging, could take considerable time and consultation with
airlines. Therefore, at this stage, it is proposed that GTAA establish a programme to
determine how financial mechanisms could be used to incentivise the use of the
quietest aircraft types at Toronto Pearson, if required in the future.

The GTAA has an interest in pursuing a Fly Quiet programme. This is addressed in
section 8.

8 Source: GTAA
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4.1

4.2

Night flight restrictions

Introduction

Many of the airports researched define a night period where a different and more stringent
set of operating rules is applied compared to the day-time. Examples of night-time
practices include operating restrictions, movement limits, noise quotas and noise
surcharges. The intent of all restrictions is to reflect the need for a quieter airport operation
during those hours where residents in affected local communities could be expected to be

sleeping.

Summary of best practice research

A summary of the findings of the research is presented below. More detail, including case
studies, is provided in Annex C.

Duration of the night period

Thirteen of the airports researched had a defined night period where a different and more
stringent set of operating rules was applied compared to the day-time. Night periods were
6-9 hours in duration, typically starting at 2200 or 2300 and ending at 0600 or 0700 (see
Figure 4 and Figure 5 below). Airports without a defined night period were primarily those
in the Middle East and United States. In the United States, airports tend to have a set of
voluntary measures in place at night rather than a defined night period with more stringent
restrictions than the day-time®.

Duration of the night period for airports included in this study

Vancouver
L L Ll ]
Toronto

I
Johm Wayne

Auckland
Amsterdam
Brussels
Copenhagen
Paris Charles-de-Gaulle
——

Frankfurt
e ——
Madrid Barajas

Zurich

22:00 23:00 00:00 01:00 02:00 03:00 04:00 05:00 0G:00 07:00
Night period

Figure 4: Duration and start/end times of night periods??

9 For example, both Chicago and San Francisco have night-time measures in their voluntary Fly Quiet
programmes. These typically start between 2200 and 0100, and end between 0600 and 0700.

10 Heathrow and Gatwick have a night period from 2300-0700, within this period there is an operational ban on
the noisiest aircraft types. There is also a night quota period from 2330-0600, within this period there are
movement and night quota limits.
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Duration of night period (hrs)
~

number of airports

Figure 5: Durations of night periods (including Toronto Pearson)

Night-time practices
Examples of night-time practices identified by the research are summarised below:

1 Night-time operating restrictions: Operating restrictions applied by airports at night
include movement limits, curfews/night-flight bans, restrictions on the operation of
certain (noisier) aircraft and runway used. Examples are given in the table below.

Night-time operating

. Summar
restrictions y

Similar to Toronto, four of the airports researched applied night-time
Night-time movement | movement limits. These limits are either applied annually or based upon
limits scheduling seasons. These are set by legislation. Examples are shown
in Figure 6.

Four of the airports researched had curfews. These ranged from
restrictions on the number and type of movements that can take place
Night curfews during the curfew (Sydney) to a full curfew (Frankfurt). The Frankfurt
curfew runs from 2300-0500, with an additional limit of 133 movements
per night from 2100 to 2259.

Airports ban or severely restrict Chapter 2 operations. In addition to this,

some place night-time bans or restrictions on marginally compliant

types Ch'apter 3 aircraft, Chapter 3 aircraft or aircraft above certain certified
noise levels.

Night-time restrictions
on certain aircraft

Some airports also place restrictions on which runways can be used at

Runway restrictions night i see section 5.

Table 5: Night-time operating restrictions at researched airports
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limitapplies for 6 hours
between 00300630

. limits apply during the night quota
Gatwick _ period (6.5 hours between 2330600)

Toronto

|
/

limitapplies for 7 hours

Heathrow between 23000600

Airport

limitapplies for 8

hours between
/ 22000600

0 5000 10000 15000 20000 25000 30000 35000 40000
number of movements

Brussels

Figure 6: Example night-time movement limits!?

1 Night quotas: Brussels, Gatwick, Heathrow and Madrid operate night quotas (a pilot
scheme is also in place at Hong Kong). In addition to movement limits, these schemes
manage the overall amount of noise generated at night throughanoi se déquota | i mi
Airports are allocated a night-time quota limit (total quota count) which cannot be
exceeded. Each night-time take-off and landing uses up part of this quota i the louder
the aircraft, the more quota it uses (each aircraft is allocated a quota count depending
on the amount of noise it produces - the louder the aircraft, the higher its quota count
(see Table 6)). Rules are also defined as to how the quota is allocated to airlines, how
much quota is held in reserve for aircraft operating late or early, and conditions under
which the quota system should be temporally suspended (for example to help relieve
major disruption).

Noise Classification (EPNdB) Quota Count (QC)

More than 101.9 16
99 -101.9 8
96 - 98.9 4
93-95.9 2
90-92.9 1
87 -89.9 0.5
84 - 86.9 0.25

Less than 84 0 (Currently exempt)

Table 6: Quota Count points classifications used in the UK quota system

Aircraft are assigned separate Quota Count (QC) values for take-off and landing.
and are derived from the certified noise levelsf ound on an aircraftds of
certificate. In turn, these are influenced by engine type/model, maximum take-

11 The movement limits for Heathrow and Gatwick are for the night quota period 2330-0600.
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off/landing weight and engine/airframe modifications. Examples QC values are
provided in Table 7.

Aircraft / engine type QC(Departure) QC(Arrival)

A320-232 / V2527-A5 0.5 0.25
777-300ER / GE90-115B 2 1
A330-343 / Trent 772B-60 2 0.5
B747-400 / CF6-80C2B1F 4 2

Table 7: Example QC points by aircraft type/engine fit

1 Night-time noise charges: All 8 European airports that included a noise charge in
their landing/take-off fees (see section 3) separated this into a day and night-time
charge. The night-time charge is typically an additional percentage on top of the day-
time charge. For example, at London Heathrow, charges are increased by a factor of
2-2.5 at night for all aircraft. Similarly, at Amsterdam Schiphol noise charges for the
noisiest category of aircraft are more than doubled at night. Zurich operates a different
scheme whereby charges increase hourly/half-hourly as the night period
approaches/progresses.

Others related activities include:

1 Restrictions in the hours adjacent to the night period: A small number of
examples were found of airports applying additional restrictions in the hours adjacent
to the night period. Often the rules/restrictions applied in these hours were less
stringent than those applied during the night period (but more stringent than those in
the day). Examples in these hours included gradual increases in night-time charges
and restrictions on operating/scheduling the nosiest aircraft types.

1 Rules for managing aircraft operating late/early: Some airports put aside a
proportion of their night-time movement/quota limit to accommodate aircraft not
scheduled in the night period that run late.

1 Penalties for non-conformance: A number of airports applied penalties for non-
conformance with night-time restrictions. These include severely increased landing
charges or fines levied by the authorities.

4.3 Toronto Pearson today

Night flight budget

Toronto Pearson operates a night flight budget to cap the number of flights permitted
between 0030 and 0629. The budget is set by Transport Canada regulations and updated
annually in line with passenger growth in the previous year!?. Toronto Pearson is the only
airport in Canada to have such a budget system mandated by Transport Canada.

12 For example, in a given year, if the budget was 10,000 night flights and the increase in the number of
passengers in the previous year was 6%, the followingy ear 6 s ni ght f | i ght nigbtdlightset woul d b
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Night-time operations

The night period at Toronto Pearson is defined as 0030-0630 and accounts for
approximately 3% of all flights. The following practices are applied during this period.

I Night-time movement limits: As mentioned above, Toronto Pearson has an annual
night-flight budget of 18,204 take-offs and landings between 0030 and 0630 (i.e. an
average of 50 per night). This is set by Transport Canada regulations, and the
associated rules allow the budget to increase annually in line with passenger growth.
In addition, in a year when the number of night flights reach more than 95 % of the
budget, the followingy e a r 0 s canbaincredsed by an additional 10 per cent!®,
Approximately 80% of the budget is allocated to pre-scheduled flights, and the
remaining2 0 % s et asi doen siemft séheduledenithininormal airport
hours but running late and other operationally necessary flights. Medevac, military and
police flights also count towards the night flight budget. The annual movement limit
and actual night movements is shown in the table below.

Period Night-flight budget Actual night-time
movements
Nov 2014 1 Oct 2015 15,871 14,778
Nov 20157 Oct 2016 16,923 14,889
Nov 2016 1 Oct 2017 18,204 -14

Table 8: Toronto Pearson i night-flight budget

1 Night-time restrictions on certain aircraft types: Toronto Pearson places noise
related restrictions on different aircraft types (see table below). Additionally, Chapter 3
or quieter aircraft operating at night on a scheduled or repetitive basis must obtain an
exemption or extension. Exemptions are for aircraft scheduled to operate at night.
Extensions are for aircraft scheduled within normal airport hours (0630-0029 local)
and delayed on the day of operation due to weather, mechanical, security and ATC

delays.
Aircraft Restricted hours (local time) - .
. L : Type of restriction
(noise certification type) arrivals and departures
No Chapter number assigned 2000-0800
Not allowed to operate
Chapter 2 aircraft 0000-0700
Chapter 3 aircraft 0030-0630 Exemption or extension
All other Chapters 0030-0630 required to operate

Table 9: Noise related operating restrictions at Toronto Pearson

1 Night-time preferential runway scheme: Toronto operates a night-time preferential
runway scheme from midnight to 0630 (see section 5). An order of priority is published
for runways used by arriving and departing aircraft. The scheme is currently under
review as part of the GTAA/NAV CANADA Noise Mitigation Initiatives Engagement
Plan.

13 1n 2016/2017, the budget was increased by an additional 3 percent.
14 Figures not presented as the 2016/2017 budget runs to 31st October 2017.
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1 Management of late running aircraft: As per above, approximately 20% of the night-
flight 1 imit i s s-aitcrafassheduled withinmorrdatéaxrpor osrs, o n s 6
but running late for various reasons.

1 Penalties for non-conformance with restrictions: There is a fine in place of up to
16 times the landing fee for violation of night-flight rules. Enforcement action may also
be taken by Transport Canada. This could include an additional fine of up to
CAD$5,000 for individuals and CAD$25,000 for corporations.

In addition, as part of its Noise Mitigation Initiatives Engagement Plan, NAV CANADA is
investigating designing new arrival and departure procedures to reduce aircraft noise at
night.

4.4 Potential new programmes and initiatives for GTAA to pursue

Objective

Extend the time over which night noise impacts are managed and ensure that the total
amount of noise from aircraft at night does not increase.

Potential new programmes and initiatives

NF1 | Extend the period during which night noise impacts on communities are managed.

Implement a programme to ensure that the total amount of noise from aircraft does not

NF2 increase in the night-period/adjacent hours.

Table 10: Potential new programmes and initiatives for night flight restrictions

The rationale for potential new programmes and initiatives is explained below:

1 Extend the time over which night noise impacts on communities are managed:
One best practice is to have a defined night period where a more stringent set of
operating rules is applied compared to the day-time. Compared to other airports with a
defined night period, the night period at Toronto Pearson starts later, and with few
exceptions, is shorter in duration. It is therefore proposed that the time over which
night noise impacts on communities are managed be extended. Given that the current
night-flight regime at Toronto Pearson is regulated by Transport Canada, in the first
instance it is proposed that GTAA work with industry and community stakeholders to
agree to a separate set of rules in the hours adjacent to the current night period.

1 Implement a programme to ensure that the total amount of noise from aircraft
does not increase in the night-period/adjacent hours: Another best practice is to
manage night flights in terms of number of movements and overall aircraft noise.
Toronto Pearson has an annual night-flight budget, albeit the practice of increasing
night-flights in line with annual passenger growth is unique amongst other airports in
this study with night-time movement limits. Assuming the continuation of this practice,
it is proposed that GTAA implement a programme to ensure that the total amount of
noise from aircraft at night does not increase. This could be managed through a night
guota scheme similar to those at some European airports, and/or night-time noise
contours.
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Runway schemes

5.1 Introduction
Many of the airports researched have provisions to operate their runways in a way that
enables aircraft to avoid noise-sensitive areas and/or share noise amongst communities at
certain times of day.
5.2 Summary of best practice research
A summary of the findings of the research is presented below. More detail, including case
studies, is provided in Annex C.
Runway schemes
Of the 26 airports researched, most operate some form of runway scheme for noise
management purposes. Each is broadly intended to either provide some form of
predictability to when communities will be overflown, focus aircraft on the least
populated/unpopulated areas and/or share noise amongst those living under the flight
paths.
Day-time and night-time runway schemes
Night-time schemes are more widely used as this is a more noise sensitive period of the
day, and airports are able to operate their runways with more flexibility at night when traffic
levels are lower.
Traffic levels will typically influence the start time of night-time runway schemes. Most
commonly, night-time runway schemes are operated between 2300 and 0600 as shown in
Figure 7 (note that the Toronto preferential runway scheme is also aimed at directing
traffic over less populated areas). However, schemes were found to start operating as
early as 2000 and end as late as 0900.
The time periods and type of preferential runway protocol applied at a selection of researched airports
| \ \ | | | | \ ‘ Restrictions
Ottawa (turbojet on 1
| | | | | runway)
| | | ‘ Brussels ‘ . |
Enﬂs from 2000 | | Zurich ‘ , : Rotating/fixed
Heathrow timetable

P2338D003

1
Chicago O'Hare (currently under trial) runway protocols
1 | |

|
Amsterdam Schiphol - mixed? ( -
| | Prioritised list of
preferential
runways

Toronto
1 1 i

Montreal

—
Auckland
I Directing traffic

over less
populated areas

Sydney

San Francisco
e 5 5

Los Angeles!

Vancouver

T
23:00 00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00 08:00 09:00

Time restrictions apply (24 hour)

1 Los Angeles has a procedure to make use of the inner runways between 2200 and 0700
? Amsterdam Schiphol has a mixed protocol of noise sharing and also limiting runway use.

Figure 7: Time periods for selected night-time runway schemes
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Types of runway schemes

The types of schemes operated vary considerably reflecting the influence of several local
factors T geographical location, location relative to populations and the number/orientation
of runways. Practices used for runway schemes are summarised below. In several cases
combinations of these are used:

1 Prioritised list of preferential runways: Many of the airports researched publish an
order of priority for runway use. If conditions such as weather are satisfied, the first
preference runway combination is used. If conditions are not satisfied, the second
preference is used and so on.

1 Fixed timetable for runway usage (runway alternation): A fixed timetable is
implemented and lists, local conditions permitting, which runways are to be used
during certain hours of the day. The timetable is aimed at providing those under the
flights paths a degree of predictability of when they will be overflown by aircraft.

1 Rotating timetable for runway usage (runway alternation): To ensure that those
living under the flight paths were not overflown at the same time every day, some
airports applied a timetable for runway use that rotated, typically on a weekly basis.
This type of practice is particularly applicable to the night-time.

1 Directing traffic over the least populated areas: These schemes are intended to
direct aircraft over the least populated or unpopulated areas. This practice is
particularly common at airports with a coastal location where as many aircraft as
possible are directed over the sea. At night, when traffic levels were lower, this
included having aircraft both arriving and departing over the sea (i.e. landing and
departing in opposite directions) when weather conditions permitted.

1 Use of runways furthest from populated areas: Some airports with multiple
runways aim to only operate those runways furthest from populations during the night.
A day-time example was also found at Los Angeles (LAX) which has four parallel
runways. During the day-time, where practicable, arriving aircraft land on the outer
runways (closest to populations) and the (noisier) departures take-off from the inner
runways (furthest from populations).

1 Long-term noise sharing: This approach aims to achieve some form of equitable
sharing of noise over an extended period of time. The main example of this is Sydney
airport which sets targets for the proportion of aircraft arriving/departing from/to the
north, east, south and west of the airport.

Conformance with runway schemes

Research identified that it is very difficult to provide 100 percent conformance with any
runway scheme. For example, the level of conformance at Heathrow is approximately
90%-95%, while the level of conformance for a recent 25-week night-time runway trial at
Chi cago OOd6a There araseveral reasons for this, not all of which are under
the control of the airport (see Table 11). For this reason, several airports state that they
will apply their schemesv ol unt ari ly or Owhere possi bl ebd.
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5.3

P2338D003

Influence Comment

This includes wind direction/speed and nearby storms which

Weather preclude the use of a preferred runway.

At airports with multiple runways, preferred runway schemes
Traffic demand involving only single runway operation can only be operated during
low traffic demand.

Pilots will sometimes request a certain runway on safety grounds,

Pilot preferences (safety) for example the longest runway at the airport

Emergencies (safety) Use of-paedrmomedd runway in the
Runway inspections & The need use another runway while the preferred runway is being
maintenance (safety) maintained or inspected.

Table 11: Examples of factors influencing conformance with runway schemes

Reporting on runway schemes

Of the 26 airports researched, 8 provided public reports on the usage of runways. The
method and frequency of reporting varied from monthly, quarterly and annual written
reports to a daily online report. No clear trends were spotted in the frequency of reporting
periods; however, all of the reports provided graphics showing the percentage use of one
particular runway direction over the reporting period.

Toronto Pearson today

Toronto Pearson operates a night-time preferential runway protocol between 0000 and
0630 local. Air Traffic control will select a runway from the following list, taking into
account operational conditions (wind, weather) and safety:

Arrivals Departures

1st preference 05 23
2nd preference 151 33R
3rd preference 06L 24R

Table 12: Night-time runway preferences at Toronto Pearson

As part of its Noise Mitigation Initiatives Engagement Plan, the GTAA and NAV CANADA
are undertaking the following activities:

1 Reviewing the existing night-time preferential runway scheme: Reviewing the
current night-time preferential runway system to recommend a scheme that flies over
the fewest residents possible.

1 Summer weekend runway alternation: This is investigating the feasibility of
alternating runways at weekends during the summer to provide periods of respite from
noise for communities impacted by these operations.
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54 Potential new programmes and initiatives for GTAA to pursue

Objective

Continue to investigate opportunities to use the runways at Toronto Pearson to
equitably share, or provide relief from, aircraft noise.

Potential new programmes and initiatives

Continue to investigate night-time preferential runway schemes and summer time

PR1 weekend runway alternation schemes aimed at sharing noise.

Identify opportunities to use the runways to provide relief from aircraft noise during off-

PR2 peak periods on weekdays.

For current (and any future) runway schemes operated at Toronto Pearson, define
PR3 | expected levels of conformance, and implement a mechanism for regularly reporting
adherence/reasons for non-adherence.

Table 13: Potential new programmes and initiatives for runway schemes

The rationale for potential new programmes and initiatives is explained below:

1 Night-time preferential runway schemes and summer time weekend runway
alternation schemes: Many of the airports researched have a preferential runway
scheme aimed at either providing some form of predictability to when communities will
be overflown, focusing aircraft on the least populated/unpopulated areas and/or share
noise amongst those living under the flight paths. GTAA and NAV CANADA should
continue to explore opportunities for night-time preferential runway schemes and
summer time weekend runway alternation schemes. If these activities demonstrate
the ability to deliver an equitable share of noise, receive sufficient support from the
community, demonstrate that a suitable level of conformance can be achieved (see
proposal PR3) and successfully pass through a public consultation, they should be
implemented.

1 Weekday runway schemes: A number of the airports researched also have a day-
time runway scheme. If a new night-time preferential runway scheme and summer
time weekend runway alternation is implemented at Toronto Pearson, opportunities to
use the runways to provide noise relief during off-peak periods during the day-time on
weekdays is proposed.

1 Expected levels of adherence and reporting: Research identified that it is very
difficult to provide 100 percent conformance with any runway scheme. It is therefore
important that, for any current and future schemes at Toronto Pearson, GTAA set
community expectations by identifying expected levels of conformance. Achievement
against these and reasons for non-conformance, should be reported regularly. It is
also recommended that GTAA notify communities in advance when adherence is not
expected to be achieved (e.g. due to runway maintenance or forecast weather
conditions).
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6.2

P2338D003

Ground and gate operations

Introduction

This area of research investigated activities on the airport surface (taxiways/aircraft
parking positions etc.) intended to reduce the impact of ground noise on the local area.
The work in this area primarily investigated restrictions associated with engine ground
runs (e.g. engine testing) and the use of the aircraft Auxiliary Power Unit (APU) when an
aircraft is parked at the stand.

Summary of best practice research

A summary of the findings of the research is presented below. More detail, including case
studies, is provided in Annex C.

Engine ground runs (engine testing)

Engine testing, or ground running, is often required following the completion of certain
maintenance tasks on the aircraft. Fifteen of the 26 airports researched applied
restrictions on engine ground runs/testing. In addition to restrictions, 6 airports applied
additional measures including ground run monitoring systems and the use of ground run-
up pens.

1 Night-time restrictions: Typically, the restrictions applied by airports limited engine
testing during the night. The night-time period for ground runs was defined anywhere
between 2100 and 0700, with the most common definition being between 2300 and
0700 (see Figure 8).

1 Location of ground runs: Airports also specify the locations at which ground runs
above idle power can take place. This often precludes areas close to residential
areas.

1 Monitoring systems: A small number of airports have systems installed to manage,
track, approve or decline ground runs. These systems can also be used to track
compliance, record the noise generated by the ground run and report on the number
of engine tests. Both Los Angeles and San Francisco have installed such systems.

I Ground running pens: Dedicated ground run pens work by either diverting or
reducing the ground noise from engine ground runs. These have been shown to
reduce ground noise due to engine testing by the order of 50%. Both Vancouver and
Chicago ObHare have installed dedicated

1 Ground noise limits: Frankfurt and Auckland airports apply noise limits to ground
runs. These are measured by noise monitors located in/close to nearby residential
areas.

1 Limits on the number of ground runs: As part of a local planning agreement,
Gatwick is limited to a maximum of 250 ground runs in a rolling 6-month period.
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Frankfurt restrictions on engine run-ups®
Hartsfield-lackson (Atlanta) R R
1 | | ( restrictions
Los Angeles
::.n F“m ﬁkmn;murm .
New York (JFK)
1 L] |} i i 1 1
| Toronto - subject to conditions Alrports operating with a
' » ! ] x ' . engine run-up ban with
Montreal - subject to conditions conditions
Adrports operating with a
engine run-up ban

21:00 22:00 23:00 00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00
Time restrictions apply (24 hour)

Figure 8: Durations of night-time engine ground run restrictions

APU restrictions

An Auxiliary Power Unit (APU) is a small jet engine that allows an aircraft to operate
autonomously without reliance on ground support equipment.

Twelve of the 26 airports researched restricted the time an APU could be used when an
aircraft was parked at the stand. For example, both Heathrow and Gatwick request
shutdown of the APU within 10 minutes of arrival on stand and do not allow its activation
until 15 minutes prior to departure for narrow body aircraft and 50 minutes for wide body
aircraft. Extensions to these times are allowed in specific conditions such as when
temperatures reach high or low extremes to manage passenger comfort. For example, at
Copenhagen extensions are allowed when the outside air temperature is below i 10°C or
above +25°C.

6.3 Toronto Pearson today
Ground run restrictions are Toronto Pearson are as follows:

1 Location of ground runs: All engine testing above idle power takes place in
approved power run up areas that have been chosen to be as far away as possible
from neighbouring residential communities. All engine testing above idle power must
also be pre-approved by GTAA.

1 Night-time restrictions for ground runs: Between the hours of 0000 to 0700 engine
power run ups are prohibited unless authorised by GTAA. In the period of 0000 to
0629, power run ups will only be approved if the aircraft is certified to ICAO Chapter 3
or higher and is scheduled to depart prior to 1200 the following day. Multiple runs may
be requested, but each individual run must not exceed a maximum of 15 minutes.

Toronto Pearson has no specific APU restrictions.
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6.4 Potential new programmes and initiatives for GTAA to pursue

Objective

Align ground run and APU procedures at Toronto Pearson with typical practices applied
at other airports.

Ref Potential new programmes and initiatives

GG1 | Apply the night-time restrictions for ground running earlier and monitor compliance.

GG2 | Implement APU restrictions on stands equipped with GPU/PCA.

Table 14: Potential new programmes and initiatives for ground and gate operations

It is understood that there are currently limited complaints about ground noise. Therefore,
the above are intended to align Toronto Pearson with typical practices at other airports
without being too onerous. The rationale for the initiatives are as follows:

1 Night-time restrictions for ground running: Like Toronto Pearson, several of the
airports researched apply night-time ground run restrictions. These typically start at
2300 or earlier, hence the proposal for Toronto Pearsond sight-time restrictions for
ground runs to starts earlier. It is also proposed that GTAA monitor compliance with its
current ground run restrictions. This could take the form of ad-hoc monitoring rather
than the implementation of the type of ground run monitoring system used at Los
Angeles and San Francisco.

1 APU restrictions: Best practice at a number of the airports researched is to limit the
use of APUs when the aircraft is parked at a stand equipped with GPU/PCA. This is
typically prescribed in terms of the number of minutes after arrival/before departure
that the APU should be shut down/started. Separate limits are also applied for
extreme temperatures.
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7.1

7.2

Noise Abatement Procedures

Introduction

This area of research investigated the use of noise abatement procedures to manage
noise generated from aircraft during the approach and departure phases of flight. The
research also investigated practices in the management and communication of trials.

Summary of best practice research

A summary of the findings of the research is presented below. More detail, including case
studies, is provided in Annex C.

Arriving aircraft

Twenty-two of the 26 airports researched were found to have at least one noise
abatement procedure to manage the noise from arriving aircraft. The most common
procedures were Continuous Descent Approaches (CDA) and the application of altitude
limitations during the approach phase of flight to keep aircraft high over populated areas.

14
12

10

0

CDA/LPLD Reverse thrust Altitude limits

E= [=2]

a8

number of airports applying practices

Figure 9: Summary of the procedures and practices used to manage the noise generated
from arriving aircraft

The following noise abatement procedures were identified for arriving aircraft:

1 Continuous Descent Approach (CDA): Conventional approaches to an airport
involvea 6st epped aperodsofdenehfiight (geetFigure 10). A CDA aims
to reduce the amount of time an aircraft remains in level flight during the approach
phase, thereby reducing noise. Work by the UK CAA shows CDAs to provide noise
reductions of up to 2.5 to 5 dB, varying over distances from touchdown of 10 to
25nm?*®. The benefits come from the aircraft being higher than a stepped approach at
a given point and the need for comparatively less engine thrust. A comparison
between a conventional approach and a CDA is shown in Figure 10.

15 CAA Paper 1165, Managing Aviation Noise, UK Civil Aviation Authority, 2014.

P2338D003

28



NOT TO SCALE

Altitude
s
<

o Cruise flight level

Runway
—

3 degree ILS Glideslope

Distance from airport

Figure 10: Typical stepped approach vs a typical CDA

In practice, it is currently difficult to enable CDAs to be flown without any level flight in
the busy traffic environment experienced at international airports. For this reason, of
the nine airports found to be operating CDA procedures, only four operated CDAs
throughout the day, albeit allowing some periods of level flight to obtain some noise
benefit'®. The remainder only operated CDAs at night or in other periods of low traffic.

1 Low Power Low Drag (LPLD): The lowering of flaps and the undercarriage before
landing disturbs the airflow around the aircraft and creates noise. Low Power Low
Drag procedures are intended to safely delay the extension of flaps and
undercarriage. The practice can deliver reduction of between 3 to 5dBY’. Eight
airports, mainly in Europe, mentioned the use of LPLD or a similar configuration on
approach, this was typically specified in conjunction with CDA in the AIP.

1 Restricting reverse thrust on landing: Nine airports applied voluntary restrictions on
the use of reverse thrust on landing unless it was required for safety reasons. The
majority of these restrictions were applied during the night.

1 Steeper approaches: An aircraft making a final approach to an airport will typically
follow a 3-degree descent path. Both Heathrow and Frankfurt have recently trialled
steeper approaches of 3.2 degrees. The slight increase in approach angle causes an
aircraft to be 215 feet higher at 10 nautical miles from the airport. The trial at
Heathrow showed steeper approaches provided a small noise improvement of
between 0.5 and 1.4dBA SEL.

I Voluntary industry code of practice: In the UK, the Department for Transport, Civil
Aviation Authority, airports, airlines, the air navigation service provider developed an
industry code of practice for noise from arriving aircraft. The document defines options
to reduce approach noise, including the implementation of CDA and LPLD
procedures, and provides guidance to air traffic control, flight crews and airports on

16 The UK definition of a CDA (covering Gatwick and Heathrow), as listed in the AIP, involves a continuous
descent with no level segments longer than 2.5 nautical miles. A level segment defined as no more than a 50ft
height change over 2 nautical miles. Similarly, at Amsterdam Schiphol a flight path is considered continuously
descending when there is no level segment. A segment is considered level if the altitude loss is less than 50 ft
over a distance of 2.5 NM.

17 CAA Paper 1165, Managing Aviation Noise, UK Civil Aviation Authority, 2014.
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how to deliver improvements. The document was widely circulated within the industry
and is publicly available®®.

i Altitude limits: Thirteen airports made use of minimum altitude restrictions over
certain areas such as cities, or applied minimum ILS joining point altitudes. In all
situations, the restrictions aimed to keep aircraft higher for longer in order to reduce
noise. For example:

Airport Examples of height restrictions

Heathrow airport applies restrictions on the height at which
aircraft can join the ILS and does not permit joining below
2500ft in the day (0600 to 2330 local) and 3000ft or 10
nautical miles in the night

Heathrow

Auckland airport applies a minimum altitude of 5,000ft over

Auckland the high-density parts of the city.

LAX applies a minimum altitude of 2,000ft for helicopters
Los Angeles (LAX) over the city and restricts helicopter flights in the overnight
period.

Table 15: Examples of height restrictions at selected airports

Departing aircraft

Twenty three of the 26 airports researched were found to apply noise abatement
procedures to manage the noise from departing aircraft. The most commonly used
procedures were Noise Abatement Departure Procedures 1 and 2 (NADP1/NADP2), or an
equivalent.

16

14

number of airports applying practices
o]

NADP or similar Turn restrictions Altitude limits

Figure 11: Summary of the procedures and practices used to manage the noise generated
from departing aircraft

The following noise abatement procedures were identified for departing aircraft:

1 Noise Abatement Departure Procedures 1 and 2 (NADP1/NADP2): NADP1 and
NADP2 are guidance on departure procedures published by the International Civil
Aviation Organisation (ICAO)*. The procedures are outlined below and shown
graphically in the following figure:

18 Arrivals code of practice: http://www.sustainableaviation.co.uk/wp-content/uploads/2015/09/Noise-from-
Arriving-Aircraft-%E2%80%93-An-Industry-Code-of-Practicel.pdf
19 |CAO Doc 8168 PANS-OPS Part 1, Chapter 3 Annex
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i NADP1 is intended to provide noise reduction for noise-sensitive areas near the
airport (but provides more for areas more distant from the airport than NADP2).

fi  NADP2 provides noise reduction to areas more distant from the airport (but
provides more for areas near the airport than NADP1).

3.000f AGL

e == Mormal climb speed and thrust

Climb thrust Accelerate to flaps

up speed and retract flaps

a00ft AGL

Altitude

NADP 2
Take-off Thrust V> + 10 to 20 kts

Distance from airport

Figure 12: Comparison between NADP1 and NADP2.

Fourteen of the airports researched either prescribed the use of NADP or a similar
procedure such as the equivalent FAA Advisory Circular. Of the fourteen airports, only
Amsterdam Schiphol recommended the use of a single procedure (NADP2) but
permitted the use of NADPL if it was not possible to comply with NADP2. All other
airports were non-prescriptive and simply required the use of NADP1, 2 or the
procedure listed within FAA AC91-53A%.

1 Departure routes - altitude restrictions: Seven airports applied guidelines to ensure
that departing aircraft did not exit their Standard Instrument Departure (SID) route
before a specified altitude, which was typically around 3,000ft. This aimed to limit the
noise exposure of departing aircraft to a specific area.

1 Departure routes - early turns: Eight airports made reference to allowing aircraft to
ma k earlydturnsé a f t -efft Thésa weee used to either allow slower aircraft, such
as propeller driven aircraft to exit the main departure flow, or to manage departure
noise, by turning aircraft off the extended runway centreline before overflying
residential areas. Conversely five airports restricted early turns before a specific
altitude or the end of the Standard Instrument Departure (SID). Again, this was
intended to limit the noise exposure of departing aircraft to a specific area.

1 Continuous Climb Operations (CCO): Continuous Climb Operations (CCO) is a
procedure used to allow an aircraft to climb from take-off to cruise with no level
segments. Environmental benefits are achieved through reduced fuel burn and
potential aircraft noise mitigation through thrust and height optimisation. Research has
shown that the air navigation service providers (ANSPSs) in the UK and Denmark
facilitate CCO. Trials have been undertaken at Paris Charles de Gaulle and Frankfurt
are currently developing CCO procedures with the German ANSP, DFS.

20 EAA Advisory Circular 91-53A Noise Abatement Departure Profile
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1 Voluntary industry code of practice: Similar to the arrivals code of practice in the
UK, industry partners have developed a code of practice for departing aircraft?t. The
document defines options to reduce departure noise through the implementation of
systems to reduce APU usage, implement reduced engine taxi and Continuous Climb
Operations. Again, the document provides guidance to air traffic control, flight crews
and airports on how to deliver improvements.

1 Departure noise restrictions: Four of the airports researched used noise monitors
and their noise and track keeping system to measure the noise generated by aircraft
and applied financial penalties if the limits were breached.

Trials

Published practices on how airports engaged communities prior to, during and after
airspace trials were investigated. Of the airports researched, only a few provided
information on trials. This typically took the form of:

1 Information on trials: Publishing information on upcoming trials and post-trial
assessments on the noise pages of the airport& website.

1 Trial websites: A dedicated website providing information on any ongoing trials and
summary reports from completed trials.

1 Communication: Sydney was found to have proactive community engagement
initiatives as part of infrastructure works and airspace trials/consultation processes.
This included the distribution of material to over 100,000 residences, community
sessions and door to door visits.

7.3 Toronto Pearson today
Noise abatement procedures for arriving aircraft

Pilots are requested to minimise the use of reverse thrust. All approaches should remain
at or above 3,000 feet (above sea level) until intercepting the extended runway centreline
for final approach. While on final approach, arriving aircraft should remain on or above the
3 degree glideslope.

The GTAA/NAV CANADA Noise Mitigation Initiatives Engagement Plan includes (i)
designing new approaches for use during designated night-time operations, and (ii)
studying the potential to use new technology to reduce the need for low altitude levelling
by arriving aircraft. Also, as part of this plan NAV CANADA is due to study if increasing

publi shed speeds on the 6downwindd | eg of
some parts of Toronto by negating the need for some large aircraft to deploy their flaps as
early.

Noise abatement procedures for departing aircraft

Noise Abatement Departure Procedures 1 or 2 (NADP1 or NADP2) are required to be
used for departing aircraft on all runways. Departing aircraft are expected to follow their
departing routes until reaching 3,600 feet (above sea level). Early turns are only permitted
for small/regional jets.

21 Departures code of practice: http://www.sustainableaviation.co.uk/wp-content/uploads/2015/09/Departures-
Code-of-Practice-June-2012.pdf
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The GTAA/NAV CANADA Noise Mitigation Initiatives Engagement Plan will investigate if,
during designated night-time periods, increasing the altitude achieved before aircraft turns
are permitted may deliver noise benefits for those under the departure flight path.

Trial updates

Updates on ongoing trials are given at the GTAA community forum, CENAC, through a
standing agenda item (noise statistics updates).

Potential new programmes and initiatives for GTAA to pursue

Objective

Reduce the noise generated by arriving and departing aircraft.

Ref Potential new programmes and initiatives

NAP1L Establish an industry group to be the focal point for the operational and policy
aspects of the programmes and initiatives proposed in this report.

NAP2 Investigate options for additional low power/low noise procedures such as
Continuous Descent Approaches, Low Power Low Drag operations and a
voluntary night-time ban on the use of reverse thrust.

3 Investigate if Noise Abatement Departure Procedure 2 (NADP2) provides greater

NAP noise benefits to residential communities than NADP1.

With other industry partners develop a voluntary industry code of practice for

NAP4 noise abatement procedures at Toronto Pearson.

NAP Develop a standard methodology for future trials influencing the noise

S environment around Toronto Pearson.

Table 16: Potential new programmes and initiatives for noise abatement procedures

The rationale for potential new programmes and initiatives is explained below:

1 Establishing an industry body on noise procedures and policy at Toronto
Pearson: Several initiatives and programmes have been proposed that will require
interactions between GTAA, NAV CANADA, Toronto-based airlines and Transport
Canada (both in this section and others). Rather than undertaking each action in
isolation, it is proposed that a single industry body is formed to act as a focal point for
the operational, policy and best practice aspects of the programmes and initiatives
identified in this report. This should include nominating one person from each
organisation to be responsible for oversight of noise related activities at Toronto
Pearson.

1 Noise abatement procedures for arriving aircraft: The review of best practice has
identified some arrival noise abatement procedures with a proven noise benefit that
could be investigated further by Toronto Pearson:

fi  Reverse thrust on landing: Over a third of airports researched had some form
of restriction on reverse thrust on landing, mainly at night. This could be
achieved relatively quickly through a voluntary agreement with airlines.

fi  Low Power Low Drag (LPLD): The point on the approach path when aircraft
exit LPLD is typically governed by an airline® Standard Operating Procedures
(SOPs). Therefore, investigating LPLD operations (both SOPs and adherence)
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followed by the development of some best practices for Toronto Pearson could
provide another small noise benefit.

fi  Continuous Descent Approaches (CDAs): CDAs are another procedure with
a proven noise benefit and used in some form by seventeen of the twenty-six
airports researched (noting that the CDAs at these airports typically involve
segments of level flight). Based on this, it is proposed that options for
implementing CDAs at Toronto Pearson are investigated. This activity is
envisaged to take time to implement and will most likely need to be undertaken
as a phased activity i for example initially implemented during the night when
traffic levels are lower.

Departure noise abatement procedures: Given the amount of land dedicated to
industrial use around Toronto Pearson (Figure 13), there could be some merits in
investigating if Noise Abatement Departure Procedure 2 (NADP2) provides greater
noise benefits to residential communities than NADP122,

Figure 13: Industrial areas (pink) in the vicinity of Toronto Pearson

Voluntary industry code of practice: To maximise the benefit of the various noise
related procedures, it is proposed that a voluntary industry code of practice like the
documents produced in the UK, is published by the main industry partners. The aim of
the code of practice would be to promote, align and spread best practice amongst the
main industry partners.

Standard methodology for future noise related trials: Several of the programmes
and initiatives identified by this report could result in trials that will influence the noise
environment near Toronto Pearson. The development of a standard methodology for
trials is proposed to ensure the value of each trial is maximised, the possibility of

22 NADP1 and NADP?2 are guidance on departure procedures published by the International Civil Aviation
Organisation (ICAO). NADP1 is intended to provide noise reduction for noise-sensitive areas in close proximity to
the airport (but provides more for areas more distant from the airport than NADP2). NADP2 provides noise
reduction to areas more distant from the airport (but provides more for areas in close proximity to the airport than

NADP1).

P2338D003
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unintended consequences is reduced, all stakeholders are aware of the objectives
and the benefits are clearly evaluated. Any methodology would not necessarily need
to be substantive, but should include items such as pre-trial objectives, pre-trial
evaluations, pre-trial notification to communities, pre-trial input from communities,
updates during the trial, post-trial assessment and reporting, and a repository for all
relevant trial material.
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Fly Quiet programmes

Introduction

This area of research investigated 6 F | y opQogranentes. A6 Fl y Qui eneis@r ogr am

voluntary initiative designed to encourage airlines to adopt newer (quieter) aircraft or fly
existing aircraft in a manner which minimises their noise impact on the communities
surrounding the airport. Typically, Fly Quiet programmes include combinations of the
following:

1 A set of metrics used to measure noise performance.

1 Comparison of performance between different airlines.
i1 Public reporting of results.
1

Public recognition of the best performing/most improved airlines.

Summary of best practice research

A summary of the research is presented below. More detail, including case studies, is
provided in Annex C.

Existence of Fly Quiet programmes

Four of the 26 airports researched had a Fly Quiet programme. These are summarised
below:

1 Vancouver: The Vancouver Fly Quiet programme has two measures 1 adherence to
published noise abatement procedures (NAPs) and measured noise levels. Each year
the airline with no suspected violations of NAPs and the lowest average annual noise
level for their aircraft category (propeller aircraft, narrow body jet aircraft and wide
body jet aircraft), is publicly recognised at an awards ceremony.

1 Heathrow: Heathrow compares the performance of 50 airlines against six metrics to
further encourage airlines to use quieter aircraft and to fly them in the quietest way
possible. The six metrics score the fleet operated by the airline to/from Heathrow,
achievement against noise abatement procedures and compliance with night-time
arrangements for arriving aircraft. Airlines are ranked in a quarterly league table
according to their overall score across the six metrics.

I San Francisco: The San Francisco Fly Quiet programme was initiated by the
community forum and aims to encourage airlines to operate as quietly as possible in
the San Francisco Bay area. Similar to Heathrow, airlines are ranked in a quarterly
league table according to their overall score across six metrics. The six metrics score
the fleet operated by the airline to/from San Francisco, measured noise levels, night-
time runway use and adherence/performance against three specific local noise
abatement procedures. The programme also has annual awards to recognise the
quietest overall airline, most improved airline and exceptional commitment to the
programme.

T Chicago OweKai eago OO6Har e FHiejocusesiormightimeo gr a m

operations. The metrics measured are night-time runway use, deviation from planned
night-time flight tracks, night-time complaints, night-time noise measurements and (all
day) ground runs.
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Fly Quiet metrics

The metrics used in Fly Quiet programmes depend on factors such as ease of
measurement, importance to local communities and the airport& noise abatement
procedures (NAPs). Some metrics measure noise directly using noise monitors, while

ot h er proxgdmeiricsdthat give a strong indication of whether the aircraft is being flown
in the quietest way possible. Metrics used in Fly Quiet programmes can be categorised as

follows:

I Strategic metrics: These metricsmeasur e how qui et (eg.rChapterr | i ne
number certification).

1 Operational metrics: These include measurements of actual aircraft noise and
adherence to NAPs.

1 Night-time metrics: Adherence with restrictions on aircraft operations at night (e.g.
night-time flight tracks)

Continuous descen
arrivals
achievement (CDA)

OPERATIONAL

STRATEGIC

QC/seat/movement

Flight track keeping

achievement (TK)
Average
annual noise

Noise exceedances

Over water

departure

Fleet noise certification

Ground run
up monitoring

Night time
TK

Violation
of NAPs

Night time over water
departure achievement

Complaints

Average NIGHT
Pre 0430 arrivals measured
night noise

Unscheduled

pre 0600 Night time
arrivals preferential
runway use

Figure 14: Metrics used in the Chicago, Heathrow, San Francisco and Vancouver Fly Quiet
programmes

Reporting

A key element of Fly Quiet programmes is public reporting. Examples of Fly Quiet
reporting are shown in Table 17, Figure 15, Figure 16 and Figure 17.
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Element Summary

Frequency

Chicago, Heathrow and San Francisco report quarterly on
their Fly Quiet programmes.

League tables

Both Heathrow and San Francisco produce league tables
comparing airline performance across the different
metrics.

Expected levels of compliance

Heathrow, and to a certain extent Chicago, highlight if an
airline is performing as expected against a given metric.

Working with airlines

Heathrow actively works with airlines who do not achieve
the expected level of performance for individual metrics.

Awards

San Francisco and Vancouver hold annual award
ceremonies to recognise the best performing and most
improved airlines.

P2338D003

Table 17: Summary of Fly Quiet reporting

Airline name

6
Chapter

numbser Pre-0600

1 British Airways - short haul
2 Aer Lingus

3 Etihad Airways

4 Emirates

5 Qantas Airways

6 American Airlines

7 United Airlines

8 Secandinavian Airlines System
9 Malaysia Airlines

10 KLM Royal Dutch Airlines
1" Cathay Pacific Airways

12 Virgin Atlantic Airways

13 Air Malta

14 Delta Air Lines

15 British Airways - long haul
16 | Swiss International Airlines

Figure 15: Extract from the Heathrow Fly Quiet Programme league table showing airline

rankings and summarising achievement against each metric

. 2™ Quarter 2016 2" Quarter 2015
Runway 9R Departures
Average Average
Departures Deviation Departures Deviation

Airline {nautical miles) (nautical miles)
AeroMexico A s, 5 28 4
Air Canada aim canana § 1 1.38
American Airlines Aemesican Ailines Yy 35 03 18
Atlas Air T 8 a1
Delta Air Lines ADELTA 5 23 26
Delta Connection/Compass ADELTA 1 2
Envay Air envoy 22 8
Frontier Airlines FRONTER. 9 26 16 0.47
JetBlue Airways . 3 a7 --
Republic Airlines [— 5 03 2 4
Sky Regional Airlines regional 1 11
Sky West Aviation ShyWest 2a 2 a7
Spirit Airlines spirit 1 4 4 4
United Airlines 11 2
United Express/ASA 1z 4 3 4
United Express/Gojet 11 1.10 1
United Express/Shuttle America 1 16 1 4
United Exprass/Trans States 2 5 4
ups 2 3 72
Westlet Airlines WESTJET & 24 27 --
KOlet XOET 4 17 — —
Overall 190 0.46 177 0.32

Green represents & deviation of less than 0.5 nautical miles

represents & deviation between 0.5 and 1.0 nautical miles

Red represents a deviation greater than 1.0 nautical mile

Figure 16: Extract from the Chicago Fly Quiet report for average deviation from night-time

runway tracks
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Airline Fly Quiet Summary Report - 4th Quarter 2016 October 1 to December 31, 2016

Airline Fleet Noize  Noize Nightime  Departuras Armivals | | Fimal Airline Fly Quiet Rating
Qualiyy  Exceedance Raumway U Shorgline Gap Faster City | | Seore

¥ r 950 1000 - - 801
fe] 950 996 1000 - 697
DLE 908 990 - wo | 614
aNa 715 1000 - - 776
Nca 925 910 1000 - a3 | sn
ANz 67 003 - - 617
AFR 788 1000 - - 481
545 817 1000 14
SWR 817 996 - - 4
scx s 095 so0 | o3 | sm | ssr
BAW 0 990 - - 4
n % CES 5 997 - - 550 -
crz 1000 o a3 | o1 | se | s00
atc 715 858 | s
KM 7 998 w | sa
SEW 1000 998 aes | 766 | 436 |sm
ACA 545 282 asn 806 6.42 799
cca 007 m 148 - 740
UAE w0 | 1000 - s | 2a7
=rap EID 715 013 - - s80 | s00
Asa 515 087 ssa | ssm | 600 | oase
ADELTA pap 641 091 an 601 s | Tam
Southwesty swa sm 089 an | osa | 4 |em
wansiwngs () THY 715 1000 - - mn
jetBlue  mu am 9358 ser | er | 3m | s
wokis T vor as 9.80 115 - ss0 | 500
FRONTIER ey 546 ogs | aso | s | 200 |sm
iy IAL 715 .40 133 - 698

Figure 17: Extract from the San Francisco Fly Quiet league table showing airline rankings,
scores for each metric and overall scores

Toronto Pearson today

Toronto Pearson does not have a Fly Quiet program

Potential new programmes and initiatives for GTAA to pursue

Objective

Establish a Fly Quiet programme as one way of encouraging airlines to adopt new
quieter aircraft, or fly existing aircraft in a manner which minimises their noise impact on
the communities surrounding the airport.

Ref ‘ Potential new programmes and initiatives

As a precursor to a Fly Quiet programme, establish a mature set of metrics that measure

FQ1 . .
Q aircraft noise performance.

I mpl ement a GTAA OFly Quietd programme t (

FQ2 number of noise metrics.

Table 18: Potential new programmes and initiatives for a Fly Quiet programme

The rationale for potential new programmes and initiatives is explained below:

1 Establish a mature set of metrics as a precursor to a Fly Quiet programme: Any
metrics used in a future GTAA Fly Quiet programme will need to be accepted by
airlines and communities. Failure to do so would risk one or both parties not engaging
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in what has been to date a voluntary programme. Therefore, as a precursor to a Fly
Quiet programme, GTAA should identify, with stakeholders, candidate metrics that
measure aircraft noise performance and bring them to a suitable level of maturity (i.e.
acceptable to airlines and communities, ability to measure 24/7, agreed method of
calculation).

GTAA Fly Quiet programme: A small number of airports researched have Fly Quiet
programmes as one way to encourage the operation of aircraft in the quietest way
possible and the use of the quietest fleet. It is proposed that GTAA establish its own
Fly Quiet programme. A full-scale Fly Quiet programme, similar to those at Heathrow
and San Francisco, will take time to develop and need considerable consultation with
both airlines and communities. While this is taking place, GTAA could establish a
programme like that operated at Vancouver.
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Land use planning

Introduction

This area of research investigated how land use is managed near airports.

For this study, land use planning has only been investigated with respect to aviation noise.
No reference has been made to other national or local land use planning activities, or
rules associated with buildings/obstacles under the flight paths.

Summary of best practice research

Two main areas of best practice were identified 1 land use planning and noise
mitigation/insulation programmes. A summary is included in this section, a detailed report
of the research, including case studies, is provided in Annex C.

Land use planning and zoning

Twenty of the 26 airports researched published land use rules around their airport. The

main trends identified are summarised below:

1 Source of land use policy: Policy on land use near an airport is typically provided by

the Federal Government for the entire country. These rules are often augmented by

local authorities.

1 Typical rules: Land use policy will typically define rules/restrictions on land use and

development close to the airport. These are usually defined with reference to noise
contours. Typical rules/restrictions are given in the table below:

Rules/restrictions

Restrict all development

Comments

Sometimes including mandatory purchase of
buildings already inside the contour.

Restrict development of certain land uses

For example, residential developments or
public buildings such as schools.

Allow the development subject to certain
conditions

For example, (i) the use of noise insulation
programmes or (ii) identification in a local
land registry that a residential building is
subject to aircraft noise.

Table 19: Examples of land use planning rules

1 Land use planning zones: Land use policy often involves the use of phased
restrictions on development. For example, noise contoursar e used t o
with each having more stringent restrictions the closer it is to the airport. Examples of
zones, and their associated restrictions, are shown in Table 20. A schematic of the
zones used at Amsterdam Schiphol are shown in Figure 18.
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Airport/region Zone 1

70 dB CNEL, no new
build, potential for
compulsory purchase

United States

Zone 2

65 to 70 dB CNEL,
noise insulation area

Zone 3

65 dB CNEL, no new
build of noise sensitive
buildings

NEF 30 and above,
no new residential
development

Canada / Toronto

Above ANEI 40,
(70dB Ldn) mandatory
purchase and
conversion to parks

Australia

ANEI 30 to 40,
residential sound
insulation

ANEI 25 to 40, public
building sound insulation

Above 65dBA Ldn,
100% funding for
noise insulation
programmes

New Zealand

Above 60dBA Ldn,
75% funding for noise
insulation
programmes

Above 57dBA, ground
noise insulation
programme

Zone 1/2, Demolition
for safety or high
noise levels typically
located around
runway ends

Amsterdam

Zone 3, No new build
of housing or
businesses. Potential
areas for noise
insulation Located
under ILS

Zone 4, No new major
housing sites or
redevelopment allowed in
the areas to the sides of
the ILS and under
departure turns.

Table 20: Examples of land use zoning around airports using noise contours
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Kanis
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Figure 18: Example of land use zones at Amsterdam Schiphol
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1 Common challenges and solutions: There are often competing demands for land

use between the airport and local authorities or the need for joint
understanding/agreement on the aspirations of each party. In the United States this is
addressed by a Part 150 Airport Noise Compatibility Planning study which seeks to
review and align policy with the future development of the airport. Local citizens,
public agencies and airport users are encouraged to engage in the study. Public
workshops and hearings are used to engage with the stakeholders. The final report
along with the noise maps are publicly available.

Noise insulation programmes

Sixteen airports were found to either offer noise insulation schemes or had done so in the
past. Six of these wunder tpoogramme whichiavolted v e 6
engagement with communities rather than relying on applications from residents. Figure
19 summarises the number of buildings insulated and average spend per building for 12
airports.

Figure 19: Examples of the number of properties insulated and average spend per property??

The different elements of noise insulation programmes are summarised below:

i Eligibility for noise insulation: Eligibility for insulation was based upon the location
of the property within defined noise contours (see Table 20 for examples) and if it
pre-dates the scheme. Additionally, in the United States, interior noise within an
eligible property must be above 45dB DNL and any insulation installed must reduce

23 The following noise insulation schemes are closed (figures in brackets denote the year of closure - John Wayne
(2009), Sydney (2000), Brussels (2004) and Copenhagen (2016)). For these schemes the spend per building at
the time of closure has been recalculated to 2017 values.
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