Environmental Research and Consultancy Department

Civil Aviation
Authority

Aviation Strategy: Noise Forecast and Analyses

CAP 1731




CAP 1731

Published by the Civil Aviation Authority, 2018
Civil Aviation Authority,

Aviation House,

Gatwick Airport South,

West Sussex,

RH6 OYR.

You can copy and use this text but please ensure you always use the most up to date version and use it in
context so as not to be misleading, and credit the CAA.

First published 2018

The work reported herein was carried out under a Letter of Agreement placed on March 2018 by the
Department for Transport. Any views expressed are not necessarily those of the Secretary of State for
Transport.

Enquiries regarding the content of this publication should be addressed to: darren.rhodes@caa.co.uk
Environmental Research and Consultancy Department, CAA House, 45-59 Kingsway, London, WC2B 6TE

The latest version of this document is available in electronic format at www.caa.co.uk


mailto:darren.rhodes@caa.co.uk

CAP 1731 Contents

Contents

Contents 3
Executive Summary 4
Chapter 1 7
Introduction 7
Chapter 2 9
Review of suitable metrics and limits 9
Chapter 3 29
Selection of suitable metrics for health impacts and noise limit schemes 29
Chapter 4 36
Modelling methodology and data acquisition 36
Chapter 5 40
2006 and 2016 Performance Analysis 40
Chapter 6 44
Analysis forecast scenarios for 2025, 2030, 2040 and 2050 44
Chapter 7 54
Proposed limits 54
Chapter 8 65
Sensitivity analysis 65
Chapter 9 68
Conclusions 68
Glossary 73
Overview of ANCON and ECAC-CEAC Doc 29 4" edition 76
Results by airport 78
Noise forecast results excluding Heathrow 124

December 2018



CAP 1731

Executive Summary

The Department for Transport is developing a new Aviation Strategy and, in support of the
strategy, commissioned the CAA to undertake analyses of airport noise forecasts and
consideration of how airport noise may be limited. This report presents a feasibility study of
implementing airport noise limits nationally and locally, including consideration of the pros
and cons that noise limits may create. To inform the consideration of noise limits, it uses
DfT aviation growth forecasts to estimate the level of aircraft noise in the shorter/medium
term (2025) and in 2030, 2040 and 2050. The report also includes two sensitivity analyses
to understand what the effect would be if older aircraft were replaced at a faster rate and
also if the rate of technology improvement was accelerated.

A review of suitable noise metrics, targets and limits relating to aircraft noise exposure and
their associated effects on limiting noise emission, exposure and health impact was
undertaken. The limits review considered ways to limit noise emission at source, the area
exposed around an airport, the population exposed within that area, and their associated
health impacts, from which a reduced set of metrics was selected for detailed analysis.

The noise around an airport varies over time, primarily depending on aviation growth rates,
and the introduction of quieter aircraft. Over the last 30 years there has been a significant
reduction in noise exposure around virtually all UK airports. However, after the recession
of 2009, which was followed by sustained growth, noise exposure has grown over the past
five years at several airports. In order to inform a consideration of noise metrics and
potential targets and limits, noise analysis was undertaken for eight airports (Birmingham,
Edinburgh, Glasgow, London Gatwick, London Heathrow, Luton, Manchester and
Stansted), for two historical years (2006 and 2016) and the following forecast years: 2025,
2030, 2040 and 2050. The forecast analysis takes into account the adoption of the Airports
National Policy Statement (NPS) and assumes a third North West Runway (NWR) at
Heathrow is built by 2030.

The analysis of the 2006 and 2016 noise performance was undertaken to review the
application of different limits and to understand the implications of changing noise
emission (quota), contour area, population exposure, and noise impacts over the past ten
years.

The forecast analysis for 2025, 2030, 2040 and 2050 was undertaken to identify the effect
of different limits in relation to modelled traffic growth, in order to understand the
implications and opportunities for reducing noise generation, population exposed and
noise impacts. Central and high scenarios were used in the analysis based on the latest
UK Aviation Forecasts. A summary of the high scenario analysis covering the total for all
airports is presented in Table (a). The results presented use a population growth per CACI
forecast data.
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Executive Summary

Table a: Summary of noise metric results with population growth including a third NWR runway at Heathrow, Scenario:

HIGH
Year
Metric Period Level 2006 2016 2025 2030 2040 2050 % change
2016-2050
Traffic Average summer day 16h* - 4349.5 4295.3 4497.8 5322.5 5655.9 5984.3 +39.3%
(ATMs) Average summer night 8h* - 454.3 522.0 549.4 616.2 656.4 700.2 +34.1%
Noi_se. Average summer day 16h* QC - 2696.7 2470.5 2453.1 2614.0 1966.3 1922.9 -22.2%
emission
g?uotg Average summer night 8h* QC - 301.3 299.6 261.8 266.6 202.2 207.7 -30.7%
oun
Average summer day LAeq16h* >54 dB 530.4 490.2 497.1 523.2 440.6 440.5 -10.1%
éigisure Average summer night LAeg8h* >48 dB 419.6 473.0 462.6 473.2 409.7 420.1 -11.2%
(Km2) Average annual 24h Lden >55 dB 615.6 575.1 583.7 610.8 520.3 524.5 -8.8%
Average annual 8h* Lnight >50 dB 268.0 256.7 245.6 256.4 216.9 223.2 -13.0%
Average summer day LAeq16h" >54 dB 825,400 782,300 802,700 846,000 771,000 796,000 +1.8%
Average summer night LAegq8h* >48 dB 521,700 655,500 605,300 589,600 557,800 604,100 -7.8%
_ Average annual 24h Lden >55 dB 997,300 950,000 963,400 1,007,200 920,700 953,200 +0.3%
Efg:ﬁ'gn Average annual 8h* Lnight >50 dB 304,600 323,600 288,100 310,100 299,900 329,300 +1.8%
(Numbers | Average summer night 8h* N60 >10 events 1,215,900 1,473,400 1,457,100 1,622,500 1,580,900 1,645,200 +11.7%
ﬁ’é&‘fg‘/ ;?) Average summer day 16h* N65 >10 events 2,449,500 1,965,000 2,124,000 2,145,000 1,946,000 1,955,000 -0.5%
Average summer day 16h* N70 >10 events 974,600 838,700 880,100 794,400 675,500 658,500 -21.5%
Average Individual Exposure (70) >10 events 61.8 79.5 80.8 84.6 88.6 95.4 +20.0%
Person Events Index (70) >10 events 64,098,100 69,457,300 | 75,795,300 | 83,375,000 75,469,400 80,896,600 +16.5%
m;it ;';?E'glsgﬁ?ﬁh‘?ggfrbe‘j averageé | 45 dB Lnight 73800 78900 74,800 76,600 72,100 76,300 -3.3%
(Numbers
exposed to | Highly annoyed (daytime) average | g, 4g | gen 180,500| 173,200 174,100 183,100 168,500 174,000 +0.5%
noise level) |annual 24h Lden

*16h: 0700-2300 and 8h: 2300-0700
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The results show that from 2006 to 2016, noise emission (QC) and noise contour areas
have decreased. Population exposure has, in some cases, not followed the same trend
due to the growth in population within the noise contours between the two years.

For the forecast years, the results show that noise emission and noise contour areas are

expected to reduce, however the population exposure, the number of Highly annoyed

people and the number of Highly sleep-disturbed people are forecast to increase, when
accounting for the forecast growth in population from 2016 onwards. Some differences

are seen between different noise exposure indicators, for example N70 decreases, whilst

PEI(70) and AIE(70) increase, reflecting the growth in movements by quieter aircraft. Care

must, however, be used when interpreting AIE results i the 20% increase in AIE reflects

the decreasing population within N70 contours over time and therefore does not represent

an average residentodos nupmkker of events above

When a static population was considered from 2016 onwards, the population exposed decreased
in line with noise contour area reductions. Impacts are also forecast to reduce, with the number of
Highly annoyed people decreasing by 18.5% and the number of Highly sleep-disturbed

people decreasing by 24.3%, assuming no population influx into the noise contour areas.

In order to recommend appropriate noise limits, an analysis was undertaken to determine
the correlation between all metrics and their ability to limit the amount of noise emitted, the
area exposure or ability to control the number of people Highly annoyed or Highly sleep-

disturbed.

In order to address the Aviation Policy Framework objectivetofil i mi t and wher e
reduce the number of peopleinthe UK si gni ficantl y afadnektakeistad by
account the latest UK airspace policy noise objectivestoii |l i mi t and, where po

the number of people signifi cant |y affected by the aduerse i
proposed limit scheme would contain the following:

1) A nationally set absolute Quota Count limit or noise contour area limit at a particular
noise level for both day and night, aggregated across all major airports;

2) A locally set absolute Quota Count or noise contour area limit at a particular noise
level for both day and night for each airport;

3) Local monitoring of the number of highly annoyed and highly sleep disturbed
people; and

4) Reporting requirements.

A sensitivity analysis on two of the forecast noise technology assumptions was also
undertaken to assess the impact of a faster substitution of quieter aircraft into the forecast
fleets and of a faster rate of technology improvement.
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Chapter 1
Introduction

The Department for Transport is developing a new Aviation Strategy and commissioned
the CAA to undertake four analyses in support of the strategy: airport noise forecasts, a
consideration of how airport noise may be limited, the effect of emerging aviation
technologies on future noise exposure and to investigate the potential role that ambient
(background) noise plays in attitudes to aircraft noise. This report covers the first two items
and presents a feasibility study of implementing airport noise limits nationally and locally,
including consideration of the pros and cons that noise limits may create. To inform the
consideration of noise limits, it uses DfT aviation growth forecasts to estimate the level of
aircraft noise in the shorter/medium term (2025) and in 2030, 2040 and 2050. The report
also includes two sensitivity analyses to understand what the effect would be if older
aircraft were replaced at a faster rate and also if the rate of technology improvement was
accelerated.

Aviation noise has been a major global issue for decades and I C A (hélanced approach
to noise management? sets four pillars for noise reduction: 1) reduction of noise at source
through technological improvements to aircraft; 2) land use planning; 3) better operational
practices; and 4) operating restrictions on aircraft. There is evidence that public sensitivity
to noise has increased?, and this should be considered.

Globally, there has been a shift towards implementing noise limits at airports in order to
reduce noise. These limits are usually aimed at reducing either noise generation (e.g.
guota count at Madrid Airport), noise exposure (e.g. contour area limits at Heathrow and
Stansted; noise level in Paris; Person Event Index at Sydney Kingsford Smith Airport) or
noise impacts (e.g. contour shape and Number of People Annoyed at Amsterdam

Schiphol).

The UK Government has set out in the Aviation Policy Framework? its overall objective on

noise, whi ch is to dAlimit and where possi ificargly r edu
affected by aadthenewdJK airspace policg*dmoise objectivetoi | i mi t and,

where possible reduce the number of people significantly affected by the adverse impacts
from ai r cAiaréfttare gettingsgeieder, but growth in movements can

1 1 CAO Doc. 9829, AGuidance on the Balanced Approach to
ICAO, 2008.

2 fBurvey of noise attitudes 2014: Aircraft, CAP 1506, CAA, February 2017.
3 Aviation Policy Framework, Cm 8584, Department for Transport, ISBN: 978-0-10185-842-7, March 2013.

4 AConsultation Response on UK Airspace Policy: A Frame
of airspaceo, DeptOctobereol. f or Transpo
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counterbalance these improvements in terms of the population exposed to noise and in

terms of noise impacts. There is an expectation that airports make particular efforts to

mitigate noise where changes are planned, as presented in the Airports Commission final

report® and Airports National Policy Statement® where a consultation took place on how to
address the noise impacts. The Independent Commission on Civil Aircraft Noise (ICCAN)’

is being created and DfT encourages the use of ICAO6 s b al ancetdairar@gtpr oac h
noise management.

A new Aviation Strategy to look at aviation® challenges,wi t h t he ai m fito ach
secure and sustainable aviation sector that meets the needs of consumers and of a global,
outward-looking Britainois being developed by DfT and will set out the long-term direction

for aviation policy making to 2050. As part of the preparation for the Aviation Strategy

consultations®, DfT has requested that CAA undertakes the noise analysis for this work.

The objective of this report is to undertake an assessment of the feasibility of implementing
noise limits nationally and locally in UK.

The main tasks carried out are:

1. Review of suitable KPIs, targets and limits related to aircraft noise, including the
pros and cons, risks and perverse incentives of each option (Chapter 2);

2. Selection of the three most suitable KPlIs for limiting the adverse impacts of aircraft

noise (Chapter 3);

Gathering of 2006 and 2016 information for major national airports (Chapter 4);

4. Analysis of 2006 and 2016 information for major national airports for proposed
KPls; identify historic trends in noise emission at source, noise exposure and health
impacts (Chapter 5);

5. Analysis of four forecast years and two fleet growth scenarios for the proposed
KPls; identify forecast trends in noise emission at the source, noise exposure,
population exposure and population health impacts (Chapter 6);

6. Draft a proposed noise limit or target methodology (Chapter 7); and

7. Undertake a sensitivity analysis using the limits selected (Chapter 8).

w

5 Final Report, Airports Commission, ISBN: 978-1-84864-158-7, July 2015.
6 Airports National Policy Statement: new runway capacity and infrastructure at airports in the South East of
England, Department for Transport, ISBN: 978-1-5286-0441-3, June 2018.
7 Consultation Response on UK Airspace Policy: A framework for balanced decisions on the design and use
of airspace, CM 9520, Department for Transport, ISBN: 978-1-5286-0087-3, October 2017.
80Beyond the hori Koavi @aheohur NleeatofStdpst towards an Avi
April 2018.
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Chapter 2
Review of suitable metrics and limits

This section reviews suitable KPIs, and how they help to devise targets or limits in order to

control aircraft noise emission, noise exposure and their associated health impacts,

including the pros and cons of each option. In a previous CAA report®, noise limits were
presented as Onoise envelopesdéd and di fofser ent
limits are a scheme to manage the excess noise and to avoid noise recurrence. A penalty

system is used to enforce compliance and to penalise in cases where the limits are

exceeded. The objective of introducing a noise limit is to consider ways to:

A Limit source noise emission;

A Limit the area exposed to certain levels of noise;

A Limit the number of people exposed to certain levels of noise; and

A Limit the health impacts associated with exposure to aircraft noise.
A noise limit scheme needs to take into account:

A The management of aviation growth: to what extent it should allow for sector growth
and also factoring in forecast reductions in noise at source;

A The noise objective: identify whether the priority should be on limiting the
aggregated adverse health impacts or the number of people exposed and identify
the scope for a limit to reduce over time; and

A Fair competition within the UK airports: allowing for different airports to account for
historical conditions and/or future developments.

The key considerations being used for this review of noise limits are:

A National and local requirements: assessing whether noise limits should be
national or local or a combination of both given that national and local requirements
may be different. National limits would allow for comparability amongst airports both
in terms of competition matters, noise efficiency and can make visible the total
number of people impacted by noise in the country. However, using absolute
national limits may restrict aviation grown in certain areas. Local limits would allow
for local authorities to balance noise issues against land use planning and economic
issues. If absolute noise limits are used locally and selected appropriately, they can
protect the population impacted by aircraft noise.

°® ANoi se EnGAPI18Y @ Aviation Authority, December 2013.
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A Reducing or mitigating noise levels: assessing if noise limit schemes should
minimise noise emission, noise exposure, noise impacts or a combination of these.

A Reduction of severity of health impact and/or on number of people exposed:
assessing if the noise limit scheme should reduce the severity of health impacts
(e.g. through estimation of numbers of people highly annoyed or monetisation of the
overall i mp a MelsTAG).si ng Df Tos

A Use of absolute or relative targets: assessing which noise limit metrics can be
used on an absolute basis (no links to traffic volume) and relative basis (linked to a
traffic volume) and the advantages and disadvantages of each. An absolute limit at
the national level (for a set number of airports) would set an absolute limit on noise
emission, exposure or impact, whereas a relative limit, linked to a traffic volume,
may allow for better functioning of the internal market. At a local level, an absolute
limit would give more certainty to local residents, whereas a relative target would
prioritise the noise efficiency of an airport.

A How to monitor compliance: assessing if the best way of monitoring compliance
would be through analysis of performance over a defined period, continuous
checking or a combination of both.

A Who should monitor compliance and who should enforce limits: assessing
who should monitor and enforce the noise limit scheme.

A Preliminary findings from the CAAS $oise Impacts survey: CAA undertook a
noise survey in 201719 exploring issues that people wanted CAA to tackle, butthe
results have not been published yet. The top six issues raised were: 1) Aircraft
numbers increasing without being able to have a say; 2) Aircraft flying lower than
they should; 3) Flights early in the morning; 4) Flights late at night; 5) My local
airport isnot doi ng aadopArgditflyingwheratneg ge noi s e
shouldn 6t be f | ysicamsideredlas partiof thidassessment whereas issues
2 to 6 are being taken into consideration in other CAA work streams.

In order to assess the noise limits that could be used in the UK, this report uses a noise
limit scheme that has been previously defined!! and consists of four aspects covered in
more detail in the following sections:

A A noise metric (section 2.1);
A A method for taking into consideration traffic volume of an airport (section 2.2);

A A monitoring mechanism for noise limits compliance (section 2.3);

A Enforcement procedures for noise limits (section 2.4);

10 hitps://consultations.caa.co.uk/policy-development/aviation-noise-impacts/
T ASound n aOgims for & unifotmsnoise limiting scheme for EU airportsd , DeIf, 2005.
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Noise limits is then covered in section 2.5 and a review of limits used at UK and
international airports is presented in section 2.6. The selection of specific aspects to be
included in this analysis is undertaken in Chapter 3.

2.1 Noise metric

Aircraft noise varies in magnitude, time, sound frequency and the number of discrete noise
events that occur. A noise metric is a defined way to monitor noise that captures some of
or all of the factors into a single indicator. Aircraft noise can be classified into the groups of
metrics below:

A Emission metrics: covering metrics that measure the sound energy emitted by
aircraft (e.g. ICAO certification noise levels and quota counts);

A Exposure metrics: covering metrics that measure noise on the ground. They
include:

0 Single event metrics: used to describe the noise occurring during one noise
event, such as an aircraft overflight;

0 Multi event metrics: used to provide a description of the type of noise exposure
experienced over a given period that have a link to human reactions; and

0 Supplementary metrics: used in conjunction with the above, to provide a more
meaningful depiction of the noise exposure.

A Impact metrics: metrics that are related to the health impact of aircraft noise on the
exposed population.

Table 2.1 presents a summary of these metrics. Further information regarding each metric
is provided in ERCD Report 09042, The selection of noise metrics for this study is
considered in section 3.1.

2 K.Jones,R.Cadoux; A EReP®*0904 Metrics for Air cReacarthadnloi seo, En
Consultancy Department, CAA, 2009.
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Table 2.1 Different types of noise metrics and their advantages and disadvantages:

Metric Type Examples Advantages Disadvantages
Group
Noise emissions: Energy | Certificated noise Noise can be It does not relate to
Emissions | emitted by aircraft. levels, quota determined the noise exposure
metrics counts, etc. relatively easily. experienced on the
ground.
Single event metrics: Lmax, SEL, PNL, It is easier to It requires calculation
Noise on the ground used | EPNL, etc. measure and or local noise
to describe one noise often much measurements.
event. simpler for the
public to
understand.
Exposure over a period NNI, LAeq, It contains the It requires calculation
Exposure metrics: Noise on the variations of LAeq same sound or ground
metrics ground used to describe (Lnight, Ldn, Lden, | energy as the measurements. Not
noise exposure over a hourly LAeq around | actual variable helpful for the
given period. shoulder hours) sound. general public.
Supplementary metrics: L90, L10, N70, PEI, | It can supplement | It requires calculation
Measurements often used | AIE. information from or ground
in conjunction with other other metrics. measurements. It
metrics. treats noise at
different levels in the
same way.
Noise annoyance: Number of highly It limits noise It requires calculation
Measurements related to | annoyed people. nuisance. or ground
the impact of noise on the measurements. It is
exposed population limited by the
during the daytime subjective nature of
Impact annoyance.
metrics Sleep Disturbance: Number of people | Limit sleep It requires calculation
Measurements related to | sleep disturbed. disturbance. or ground
the impact of noise on the measurements. It is
exposed population at limited by subjective
night. nature of sleep
disturbance.
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2.2 Methods for taking into consideration traffic volume of an airport

When considering setting limits for an airport, a method for taking into consideration traffic
volume is required if the performance of an airport is to be considered on a relative basis.
Table 2.2 presents a summary of these methods including the advantages and
disadvantages. The selection of methods to take into account the traffic volume of an
airport is considered in Section 3.2.
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Table 2.2 Methods for taking into consideration traffic volume of an airport:

and distance flown.

Type Definition Advantages Disadvantages
ATMs Number of air traffic Enables limits at different sized airports It does not take into
movements by airport according to the numbers of aircraft consideration freight load
movements they handle. or distance flown.
Passenger Number of passengers Enables limits at different sized airports It does not take into
throughput transported by airport according to passenger throughput. consideration freight load
Number of passengers can be used to or distance flown.
calculate total weight by applying an
average weight per passenger.
MTOW Maximum takeoff weight Enables limits at different sized airports It does not take into
(MTOW) transported by airport | taking into consideration both passengers | consideration distance
and freight flights. flown.
Passenger - Number of passengers x km Enables limits at different sized airports It does not take into
kilometre travelled by airport taking into consideration total passengers | consideration freight load

or distance flown.

Tonnes of freight

Number of freight tonnes

transported by airport

Enables limits at different sized airports
taking into consideration total freight

transported.

It does not take into
consideration passenger

load or distance flown.

Tonnes-kilometre

of freight

Number of freight tonnes x km

travelled by airport

Enables limits at different sized airports
taking into consideration total freight

travelled.

It does not take into
consideration passenger

load.

Revenue Tonne-

Kilometres

Number of passengers by a

notional weight (which includes
their baggage) and adding it to
the cargo traffic before making

the distance calculation

Enable equitable exposure or impact-
based limits to be set at different sized
airports according to the different

economic benefit they generate.

It does not take into
consideration the weight

of the aeroplane.

Passenger Unit

One passenger unit is
equivalent to either one
passenger or 90 kilograms of

freight and mail.

Used for Eurostat!® and considers actual
loading (of passengers or freight) on

aircraft.

It does not take into

consideration mileage.

MTOWY/50 x

distance

Weight factor (MTOW/50) x

distance factor

Used for Eurocontrol charges, just looks

at the size of the aircraft.

Takes no account of the

load factor.

13 https://ec.europa.eu/eurostat/
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2.3 Monitoring mechanisms for noise limits compliance

A noise limit scheme monitors compliance of implemented measures either continuously
or over a defined period.

Monitoring compliance over a specified period of time can vary from simple checks such
as annual air traffic movements to noise contours showing exposed areas and the
population within. A check of compliance against the limit would be required at the end of
the monitoring period and enforcement action could be taken in the event of a breach.
Local authorities or other national bodies are best placed to monitor compliance over a
defined period.

Continuous monitoring of compliance requires a more operational approach and would be

undertaken as partofanai r por t 6 s n o i sstrategynbareygae neveew indicates

that a breach may be likely, the airport can take early preventative action to avoid the

breach. Certain parameters will be better suited for continuously monitoring compliance

than others. Parameters such as air traffic movement numbers can be predicted in

advance through the airportoés standard schedu
(potentially daily,as i s done currently for admintmetrat.i
Quota Count system).

Any monitoring mechanisms should anticipate the differences between monitoring
performance using modelled or measured information. The use of modelled information
allows for monitoring current performance but also allows for different past, present and
future scenarios to be analysed. On the other hand, measured information is used for
monitoring performance around airports, to validate models and to give assurance to
residents of the noise levels in different locations. Local measurements may be prone to
uncertainty, cost, suitability, coverage issues and adverse weather.

Table 2.3 presents a summary of the monitoring mechanisms including advantages and
disadvantages.Se ct i on 3 Sekctien@fwneise Bmit Bchemeso..
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Table 2.3 Monitoring mechanisms for noise limits compliance of an airport:

Monitoring Definition Advantages Disadvantages
mechanism
Defined Uses an agreed Does not disturb regular Can only enforce compliance
monitoring monitoring period to operation of the airport after the period is complete.
compliance evaluate the parameters. R
Can use models to calculate Depends on availability of
the limits. data for that period.
Analysis on a wide range of Depend on precision of the
locations. acquired data or modelling
Analysis of future scenarios. used.
Continuous Using continuous Captures information at the Availability of measurement
monitoring monitoring to evaluate time it happens and at specific | points.
compliance compliance. locations. o
Can potentially impact on
Well perceived by local airport operations.
communities.

2.4 Enforcement procedures

To maintain public confidence in the planning system it is important that limits are enforced
effectively. Any enforcement measures should be agreed during the design of the noise

limit controls.

This plan should be established with stakeholder agreement and published. This should
set out how authorities will monitor the implementation, investigate alleged cases of
unauthorised actions and act where it is appropriate to do so. The plan should highlight
how this is to be undertaken proactively and in a manner that is appropriate to the
circumstances.

This noise plan requires an organisational body to oversee enforcement procedures.

Table 2.4 presents a summary of enforcement procedures including advantages and
disadvantages.
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Table 2.4 Enforcement procedures for noise limits compliance of an airport:

Enforcement How Examples Advantages Disadvantages
procedure
Monetary penalty for | Compliance Schiphol Allows for improvement | Lack of ability to
exceedance checked at the Airport of relationship with enforce compliance
end of the community if fines during monitoring
monitoring period invested in a community | period
fund
Loss of future Compliance Luton Creates commercial Lack of ability to
capacity in the next checked at the night incentive for compliance | enforce compliance
control period end of the contours during monitoring
monitoring period period.
No ability to exceed Regular Sydney Creates behaviour Monitoring is costlier
limits monitoring of the | noise change and commercial
parameters curfew incentive for compliance
Loss of right to Noise levels John Creates commercial Can have financial
operate measured per Wayne incentive for compliance | implications for
aircraft type Airport airlines

2.5 Noise Limits Schemes

In this analysis, the noise limit schemes are considered under the following categories:
A Restricting noise emissions;
A Restricting noise exposure; and

A Restricting noise impact.

2.5.1 Restricting noise emissions

There are many factors which affect the amount of noise that is produced at an airport.
Some of these have a very noticeable effect, whereas others are more subtle.

In general terms, a busy airport tends to make more noise than one which is less busy. For
example, a high passenger throughput requires accordingly high numbers of aircraft
movements. Even where fewer operations by large aircraft carry the same numbers of
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people as more movements by smaller aircraft, the larger aircraft typically produce more
noise.

It is therefore possible to use relevant inputs as a proxy for the noise created. Possible
input limits are described below and could be applied to define an envelope.

Aircraft movements

The number of aircraft Omovements6é (total num
at the airport over a given period can be set at an agreed amount based on an equivalent

level of noise exposure that is not to be exceeded. There is, however, no precise

relationship between the number of movements and amount of noise produced as larger

aircraft produce more noise than smaller ones at the same technology level.

Passenger throughput

The number of passengers (total number of arrival and departure passengers) that can
use an airport over a given period. Whilst passenger throughout better captures aircraft
size and to a certain extent the number of movements, it does not reflect distance flown i
aircraft flying longer distances generate more noise than ones flying shorter distances.

Noise quota

Each aircraft type is assigned a noise classification!* according to its certificated noise
performance: the noisier the aircraft, the greater the noise classification. The numbers of
movements of each aircraft type, over a given period, are multiplied by the corresponding
noise factor (classification)) and t hese 6énoise factored movem
overall noise quota for an airport. Noise quota can be set separately for winter and
summer seasons. They may be sub-divided between arrivals and departures, or between
types of services in other ways, depending on the degree of flexibility required within the
permitted limits. The noisier the aircraft used, the higher its noise factor and the greater the
amount of the quota budget each movement uses up, thereby providing an incentive for
airlines to use quieter aircraft types. Noise quota budget may be set to permit a limited
amount of growth, i.e. to share the benefits of improving aircraft technology.

“AdAondon Heat hr ow, London Gatwick and London Stansted A
AIP SUPPLEMENT 049/2018, DfT, 2018.
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2.5.2 Restricting noise exposure

This section focuses on the noise exposure experienced by people on the ground and the
limits, that could be used to restrict it.

Noise contour area

A clear and concise way of describing the noise exposure around airports is to calculate
the area enclosed by the noise contour of a noise metric and level. Being a single
numerical value, it is straightforward to set a limit on this area value to restrict aircraft noise
exposure near an airport. Limits could be applied to the area of a contour of any agreed
metric and at any agreed level. In some cases, it may be appropriate to use a noise metric
which has a precedent for use in noise control or the assessment of noise impact.

Noise contour shape

Many of the principles of using the area of a noise contour apply to a greater or lesser
degree to using the actual shape of the contour as a limit. However, this criterion goes
beyond the remit of the area limit by being explicit on how much noise each neighbouring
community can expect to be exposed to. In doing so, it leaves little scope for redistribution
of noise geographically within a reporting period without breaching the limit.

Noise level limits

Noise level limit use noise measurement and prediction to establish noise exposure at
specified locations in the geographical area near an airport. The noise levels from each
noise monitor are integrated over a period and compared with an agreed limit value. A
breach would occur if the measured level at any of the noise monitors exceeds the limit.

Population/dwellings exposed to noise

As well as calculating the area enclosed within a noise contour, it is also straightforward to
count the population and number of dwellings enclosed. Being single numerical values,
they lend themselves to use as envelope limits. However, the population within a given
noise contour will change over time, as the population distribution changes, both through
the addition of new housing and also due to the change of use of existing housing that
may alter the population density within existing housing. Both of these factors are outside
theavi ati on i ndu stherefgré Ignit theovalue ofaiding poputhation-based
indicators for restricting noise exposure.
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Person-Events Index (PEI)

Person-Events Index (PEI) is the number of noise events each resident is exposed to
above a certain threshold level, say 70 dB LAmax, summed to give a single figure that
represents the total noise load or burden the airport places on the surrounding
population®®. The more noise is concentrated on fewer people, the lower the value of PEI
will be. It also assists in the interpretation of noise exposure distributions when considering
different operating arrangements at an airport. The index enables a relatively quick
assessment to be made of noise exposure information and reveals a somewhat different
picture to initial conclusions based solely on the populations exposed.

Average Individual Exposure (AIE)

PEI gives an indication of total noise load on the surrounding population, but not how it has
been distributed across the population. Dividing the PEI by the total exposed population
gives the average number of noise events per person, more commonly known as the
Average Individual Exposure (AIE).

2.5.3 Restricting noise impact

The two most common impacts of aircraft noise are daytime annoyance and night-time
sleep disturbance.

Number of people annoyed (daytime)

Noise affects different people by different amounts. Research in the field of noise attitudes
has developed exposure-annoyance relationships, including the percentage of people who
might be expected to be highly annoyed during the daytime at different noise exposure
levels based on average community response. This relationship can be used to estimate
the total number of people who might be expected to be highly annoyed by aircraft noise at
a given airport.

This limit relies on the exposure-annoyance relationships, which are subject to change
reflecting advances in research. This introduces an element of uncertainty, which would
need careful management. One approach might be to review existing limits whenever the
dose-response relationship is revised. Like population counts, estimates of the number of
people highly annoyed are also subject to changing population distributions that are
outside the control of the aviation industry.

Y AExpanding Ways to Describe and As spmadnentéfilransporaahd Noi s e
Regional Services, Australia, ISBN 0 642 42262 1, March 2000.
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Number of people sleep-disturbed (night-time)

Whereas noise from aircraft operations during the daytime results in annoyance, noise

from night operations t endmetricisaldostsdéenticallothpe opl e
number of people annoyed, but requires a different exposure-response relationship and

different noise exposure indicator as input, namely the percentage of people who are

highly sleep-disturbed by night-time aircraft noise at different night LAeq8h levels. Like the

number of people highly annoyed it also suffers from being affected by changing dose-

response relationships for sleep disturbance and changing population distributions.

Summary

Table 2.5 presents a summary of the noise limit methods including advantages and
disadvantages. The selection of noise metrics for this study is considered in Section 3.3.
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Review of suitable metrics and limits

Table 2.5 Noise limits scheme options for an airport

Type of Metric Example of prior use Advantages Disadvantages
Limit
Number of Stansted, London City, Simple and easy to implement. Addresses | Does not take account of the noisiness of
movements Belfast City and Heathrow peoplebs growi ng s e r aircraft and therefore does not incentivise the
frequency of aircraft noise events use of quieter aircraft
Seats for sale Belfast City Limits both ATMs and aircraft size Administratively more complex and onerous.
Potential enforcement challenges.
Passenger Belfast City and Stansted Provides more operational flexibility than Does not directly take account of the
throughput a simple movement cap noisiness of aircraft or the number of
operations
Limit noise
emissions Noise quota - night | Heathrow, Gatwick, Depending on the application places limits | Administratively more complex to administer
Stansted, Manchester, East | on the maximum noise quota for a single so aircraft types can have differing noise
Midlands, Birmingham, movement and the total nightly quota, quota classifications depending on variant or
Southampton, Bristol, based on the certificated noise levels for engine type
Leeds, Amsterdam, each aircraft operated. Reflects that larger
Frankfurt, Madrid aircraft tend to have higher QC values
Runway use Directly limits noise exposure in specific
restriction areas close to a runway. Where used a
runway rotation control directly facilitates
noise sharing.
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Type of Metric Example of prior use Advantages Disadvantages
Limit
Noise contour area Heathrow, Gatwick, LAeg noise contours, by definition, The LAeq indicator does not necessarily

Stansted, Manchester, represent long-term noise exposure, A reflect all aspects of the perception of aircraft

East Midlands contour area, expressed as a single noise.
numerical value, is easy to understand
and apply as a criterion.

Noise contour shape | Amsterdam Schiphol Provides a very tight noise control and the | Significantly restricts operational flexibility.
potential to offer a comprehensive deal to | Could limit ability to alter noise sharing
residents. Maintains adherence to a noise | regime.
sharing arrangement.

Population/dwellings Reflects the number of people exposed to | Provides limited means to differentiate

exposed to noise noise. Incentivises concentration of noise | between people acutely or mildly exposed.

Limit noise in less populated areas.
exposure

Noise level limit Paris Charles de Gaulle Uses measured levels, therefore simple Measurements are subject to extraneous
and transparent. Best suited to airports noise and equipment precision. Aircraft can
with simple departure route structures be operated in ways which optimise low

noise over the monitors, potentially resulting
in higher noise elsewhere

Person-Events Index | Sydney Kingsford Smith Reflects the number of people affected by | Controls only take effect after the noise

(PEI) noise. Reflects the number of eventseach |6 br each é has occurred
person is exposed to encroachment will impact on the value of PEI

Average Individual Sydney Kingsford Smith Reflects the average number of noise Controls only take effect after a noise breach

Exposure (AIE) Airport events each person is exposed to and is a | has occurred. Population encroachment will
linear metric impact on the value
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Number of people Amsterdam Schiphol Considers the increased risk of being Changing understanding of exposure-
annoyed (daytime) annoyed by aircraft noise at higher annoyance relationship may introduce long-

exposure levels term planning uncertainty and risk
Number of people Amsterdam Schiphol Considers the increased risk of sleep Complicated to calculate. Changing
Limit noise | sleep-disturbed disturbance at higher noise exposure understanding of exposure-annoyance
impact (night-time) levels relationship may introduce long-term
planning uncertainty and risks
Monetised health Considers the overall monetised risk of Complexity of calculation and needs to have
impacts (WebTAG) diseases associated with high noise levels | two comparative scenarios for evaluation as
set up in WebTAG.
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2.6 Review of limits used at UK and international airports

2.6.1 UK Airports

A review of the implementation of noise limits at UK airports has been undertaken, to
assess the extent that limits have been implemented. A summary of this assessment is
presented in Table 2.6. The results show that most of the airports implement noise quota
limits at night, but there is limited implementation of other noise emission restrictions
during the day. In relation to limiting noise exposure, half of the airports use noise contour
areas to limit noise exposure. In terms of limiting noise impact on people, most of the
airports are monitoring their own impacts, but the results show that to date none of the
airports have adopted limits based on noise impact on the surrounding population.

2.6.2 International Airports

The assessment of international airports is intended to highlight examples of different
implementations of noise restriction limits and therefore is not a comprehensive review.
Table 2.7 presents a summary of the findings, indicating that different airports focus on
different ways of limiting noise. Further details will be brought to this assessment where
relevant. Section 2.6.3 presents how limits are implemented at Schiphol Airport, where a
wide interest on its noise control shape limits has been raised in UK in recent years.
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Review of suitable metrics and limits

Table 2.6: Noise limit schemes implemented in the top 10 busiest UK airports (by

number of passengers)

Metric
Type

Metric

Heathrow

Gatwick

Manchester

Stansted

Luton

Edinburgh

Birmingham

Glasgow

Bristol

Belfast Intl

Limit noise
emission

Aircraft (per type)
movement cap

No of movements

135

135

135

Runway use restrictions

Seats for sale

Passenger throughput

Noise quota - day

Noise quota - night

1>

Limit noise
exposure

Noise contour area

135

Noise contour shape

Noise level limit

Population exposed

Person-Events Index
(PEI)

Average Individual
Exposure (AIE)

Limit noise
impact

Number of people
annoyed (daytime)

Number of people
sleep-disturbed

WebTAG
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Table 2.7: Noise limit schemes implemented in selected international airports.
g © -
= ® 2 >
& X~ Y
1) P c =
£ & v S,
< o Lo n
Aircraft (per type) movement cap
No of movements
) Seats for sale
Restrict
noise Passenger throughput
emission _
Noise quota - day
Noise quota - night n
Runway use restrictions
Noise contour area
Restrict Noise contour shape n
noise
exposure Noise level limit n n
Population exposed
Number of people annoyed (daytime) n
Restrict Number of people sleep-disturbed
noise
impact Person-Events Index (PEI) n
Average Individual Exposure (AIE) n
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2.6.3 Overview of Schiphol limits

Noise contour shape goes beyond the remit of the noise contour area by being explicit on
how much noise each neighbouring community can expect to be exposed to and then
placing a limit on it. This type of limiting scheme leaves little opportunity for redistribution of
noise, geographically, within a reporting period without breaching the limit.

One disadvantage of a noise contour shape limit is that the airport becomes constrained to
operate in a particular way despite factors thatmaybeb ey ond t he aiOnghert 6s
other hand, it has the advantage of offering clearer commitment to residents.

Schiphol airport utilises noise contour shape to limit noise exposure levels at specific
|l ocations around the airportdés perimeter and
contour.

The system is rather complex, particularly in terms of calculating the limits and also in
terms of planning runway operating modes to avoid breaches. Some allowance for
weather variations is incorporated into the limit values, so when limits are breached,
investigations are carried out to analyse whether it was due to atypical weather or other
reasons. When maintenance work is undertaken that restricts access to a runway,
adjustments to the limit values need to be consulted on and agreed.

The system is particularly relevant to an airport like Schiphol with five runways that may be
used in a variety of different operating modes, to enforce distribution of noise and avoid
concentration on a few preferred runways, and in setting clear expectations for residents.

At Amsterdam Schiphol airport a sequence of runway preferences has been defined that
determines the preferred operating runways, weather permitting. To control the runway
preference system, a noise budget restriction system was developed and implemented to
set limits on noise exposure at specific locations and is applied through enforcement of
maximum noise exposure limits at many locations near the airport. Each enforcement
point has its own limiting noise exposure value, which may not be exceeded at the end of
the year.

The noise contribution of an aircraft operation at each enforcement point is determined
through noise calculations that consider the aircraft type, type of operation, runway, flight
path and time of day. Noise load at each enforcement point is tracked on a daily and two-
weekly basis.

A review of this scheme is being considered because of extensive negotiations with local
and national government, the aviation sector and community representatives.

At an airport with fewer runways enforced distribution of noise would be much more
dependent on distributing flights across different flight paths, which may not be possible to
the same extent as that achieved using different runways, and it could lead to sub-optimal
use of flight paths, additional track miles flown, leading to increased carbon emissions or
even a loss of airspace capacity.
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Chapter 3
Selection of suitable metrics for health impacts and noise

limit schemes

To choose the noise limits that could be used in the UK, a selection of the appropriate
aspects covered in Chapter 2 is considered:

1 Selection of noise metric (section 3.1);

1 Selection of method for taking into consideration traffic volume of an airport (section
3.2);

1 Selection of noise limit schemes (section 3.3).

3.1 Selection of noise metric

Table 3.1 summarises the noise metrics selected to represent the different approaches for
restricting noise, and to bring a range of options for reviewing how to limit noise impacts.

3.2 Selection of method to take into account the traffic volume of an airport

Several methods can be used to take into consideration the traffic volume at an airport and
provide a relative measure for a noise limit. If a relative method is to be introduced in the
UK it should be set to account for different sized airports according to the different
economic benefits they generate.

A method that accounts for weight (maximum payload) and distance travelled would be
recommended to enable impact-based limits as it would take into consideration both
freight and passenger weight as well as distance travelled over a period.
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Selection of suitable metrics for health impacts and noise limit schemes

Table 3.1: Selection of noise metrics for limiting noise

Recommended metrics

Limit Type Metric Type Metric Group for selection
Source Noise Energy emitted by aircraft. Quota count
Emissions emissions
Area or number of people exposed to N65, N70 (daytime), N60
specified numbers of noise events above | (night-time)
a specified Lmax level
The sum of the number of events above | Person Event Index (PEI),
Single event a specified Lmax level that the PEI(70)
metrics surrounding population is exposed to.
The sum of the number of events above | Average Individual
Exposure a specified Lmax level that the Exposure (AIE), AIE(70)
surrounding population is exposed to
divided by the number of people
exposed
Exposure Noise on the ground used to describe LAeq, Lden
metrics noise exposure over a given period. Area
or number of people exposed to certain
noise levels.
Noise Measurements related to the impact of Number of (highly)
annoyance noise on exposed population. annoyed people
Sleep Measurements related to the impact of Number of people (highly)
Impact disturbance noise on exposed population at night. sleep disturbed.

Monetised
impact

Monetary estimate of the adverse health
impacts associated with the noise
exposure

WebTAG monetary
estimate of health impact
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Selection of suitable metrics for health impacts and noise limit schemes

3.3 Selection of noise limit schemes

The selection of noise limit schemes should take into consideration the direct ability to

limit:

A Noise emission;

A Area exposed;

A Population exposed; and

A Health impact.

Table 3.2 presents the summary of the schemes and their ability to fulfil the objectives
above. The results of this table are used to decide on which schemes to take forward for

analysis.

Table 3.2: Limit schemes review

Limit scheme objective Use of limit
Limit Type Metric Type Limit area | Limit population | Absolute | Relative
impact impact Limit limit

Aircraft (per type) Movement 6 6 n n
Cap

Limit noise No of movements 6 6 n n

emissions Seats for sale ] n
Passenger throughput o o} n n
Noise quota - day Y n n n
Noise quota - night 6 6 n n
Noise contour area n n n n
Noise contour shape n n n ]
Noise level limit (to control n n o}

o . shape of contour)

Limit noise Population/dwellings exposed 6 n n

exposure to noise i i i
Runway use restrictions P o) n n
Person-Events Index 6 o} n n
Average Individual Exposure 6 6 n n
Number of people annoyed 6 n n n

o (daytime)

!"m't noise Number of people sleep- 6 0 n n

Impact disturbed (night-time)
WebTAG ) n n n
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In respect of the other considerations covered in section 2.5, the following will be used in
the analysis:

1 National and local requirements: both national and local requirements will be taken
into consideration in the analysis;

1 Limit noise exposure or adverse health impacts: all limits that directly achieve the
objective will be taken into consideration;

1 Use of absolute or relative targets: it is proposed that absolute limits are set at a
local level in order to limit overall noise emission, exposure or impact. At the
national level, it is proposed that both absolute and relative targets are considered
to take into consideration the growth forecasts for the country;

1 Population or spatial limits: it is proposed that a spatial limit is considered given the
limitations the aviation sector has in limiting the population within a certain area,;

1 Preliminary findings from CAA 2017 Noise Survey: preliminary results show that the
top issues people wantthe CAA t o tackle is fAAircraft num
being able to have a sayo, therefore this

1 How should compliance be monitored (measurements or calculations): a review of
options is presented as part of the analysis;

1 Who should monitor compliance and who shoud enforce limits: a review of options
is presented as part of the analysis.

A summary of the analysis undertaken for the selection of the noise limit scheme is given
in Table 3.3.
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Selection of suitable metrics for health impacts and noise limit schemes

Table 3.3: Limit schemes selected for further investigation

Absolute Limit Relative Limit | Absolute Limit Relative Limit
Limit Type | Metric Type for population for population for area for area
exposed exposed exposed exposed
Limit noise | Noise quota - n n n n
emissions | day
Noise quota - n n n n
night
Noise contour n n n n
area
Noise contour n 5] n )
shape
Limit noise
exposure Noise level limit n 6 n 6
(to control
shape of
contour)
Population/dwell n n & o)
ings exposed to
noise
Person-Events Possibly Possibly Possibly Possibly
Index
Average Possibly Possibly Possibly Possibly
Individual
Exposure
Number of n n 6 o}
people annoyed
(daytime) Lden
!_imit noise | Number of n n 6 )
Impact people sleep-
disturbed
Respite Possibly Possibly Possibly Possibly
webTAG n n 6 6

December 2018

Page 33



CAP 1731 Selection of suitable metrics for health impacts and noise limit schemes

In summary, following from previous analysis, the approaches recommended for further
consideration in the next chapters include:

For limiting noise emissions:

From the analysis presented in this chapter daytime and night-time noise quota limits were
selected as the metrics to assess forecast noise and consider as noise emission limits.

For limiting noise exposure:

From the analysis presented in this chapter, the following limits were selected as the
metrics to assess forecast noise and consider as noise exposure limits:

- National Laeq Or Lden limit on the area exposed to at least 51 or 54 dB;
- National night-time limit on the area exposed (Laegsh Or Lnight) to at least 45 or 48 dB;

- National Laeq Or Lden limit on the area exposed to at least 51 or 54 dB normalised by
transport volume (ATMS);

- National night-time limit on the area exposed (Laegsh Or Lnight) to at least 45 or 48 dB
normalised by traffic volume (ATMs);

- National Nax limit on the area exposed to at least 5 or 10 events per average
summer day above 65 or 70 dB Lamax or 60 dB Lamax per average summer night;

- National limit based on average summer daytime total number of person-events
above 70dB Lamax, PEI(70) 10 events;

- National limit based on summer daytime Average individual exposure of events
above 70 dB Lamax, AIE(70) 10 events;

- Local daytime (Laeq Or Lden), (54 or 51) dB contour area limit;
- Local night time (Laegsh Or Lnight), (48 or 45) dB contour area limit;

- Local Nax limit on the area exposed to at least 5 or 10 events per average summer
day above 65 or 70 dB Lamax or 60 dB Lamax per average summer night.

It was recommended that the number of people within the area should be a reported
figure, but this should not be a limit imposed on the aviation sector as the control of the
local population at a given location is outside the control of the aviation sector.
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For limiting health impact

Nationally, it is recommended that limits to annoyance and sleep disturbance should be
included using criteria from the WHO Europe Burden of disease report!® or the UK Survey
of Noise Attitudes 20143. Whilst SONA 2014 presented an updated dose-response function
based on Laeqi6h, @ complementary night-time dose-response function has not been
published. Thus, it was decided for consistency purposes to use the EU dose-response
functions'’. The annoyance function was limited to noise exposure above 51 dB Lden and
54 dB Lden to avoid uncertainty issues with estimating noise exposure at low noise levels*8.
Similarly, for night-time, the highly sleep-disturbed dose-response function was limited to
noise above 45 dB Lnight and 48 dB Lhnight.

Al t hough, it was i ni webdasédylrapspoa Appraisal Guidanca,s e Df T
WebTAG, to provide a monetary value for the health impacts, this was not possible.

WebTAG was conceived and implemented to assess the relative health impacts of future

road, rail or aviation transport infrastructure proposals as part of an options appraisal and

compare the health impacts of options against a do-nothing scenario in their opening year

and over the standard 60-year life assessed for transport infrastructure. In this report,

noise exposure and impacts are being compared over time and not against a do-nothing

scenario, and thus WebTAG cannot be applied to such situations.

Locally, it is recommended that limits on annoyance and sleep disturbance should also be
calculated using the same functions and lower thresholds.

16 Burden of disease from environmental noise: Quantification of healthy life years lost in Europe, WHO
Europe, ISBN: 978 92 890 0229 5, 2011.

17 Good practice guide on noise exposure and potential health effects, EEA Technical Report No. 11/2010,
ISBN 978 92 9213 140 1, European Environment Agency, 2010.

18 Measurement and Modelling of Aircraft Noise at Low Levels, ERCD Report 1006, CAA, October 2010.
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Chapter 4
Modelling methodology and data acquisition

This chapter gives an overview of the methodology and data utilised as part of this work,
including the modelling methodology, modelling tool and input data. Chapters 5 and 6
present the results of this analysis.

Modelling methodology and modelling tool:

The calculations presented in this study were performed using CAA ANCON version 2.4,
in line with ECAC-CEAC Doc 29 4™ edition. An overview of ANCON and ECAC-CEAC Doc
29 4™ edition is given in Appendix B.

Airports utilised:

This study0 sbjective is to estimate future airport noise exposure and examine the
feasibility of implementing noise limits in UK with the intention of limiting and where
possible reducing noise emission, noise exposure and noise impacts at UK airports. In
order to capture the overall population exposure, it was decided to use the top 10 airports
by size of population exposed within the 2016 55dB Lden contour based on data reported to
Defra for the Environmental Noise Directive (END). Data to enable forecast noise
calculations for London City Airport and Leeds-Bradford Airport were not available to
enable their inclusions as part of this assessment. Therefore, the eight airports utilised in
this analysis are: Birmingham (BHX), Edinburgh (EDI), Glasgow (GLA), London Gatwick
(LGW), London Heathrow (LHR), Luton (LTN), Manchester (MAN) and Stansted (STN).

Airport expansion:

The only airport expansion included in this report is a third North West Runway at
Heathrow (LHR NWR) as it is the selected expansionoptioni n t he Government 6
National Policy Statement?®.

¥ A Ai r paiional Bolicy Statement: new runway capacity and infrastructure at airports in the South East of
Engl ando, Department for Transport, June 2018.
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Historic traffic data:

Traffic data were provided by each airport (Birmingham, Edinburgh, Glasgow, Gatwick,
Heathrow, Luton, Manchester and Stansted) for 2006 and 2016. Table 4.1 presents the
number of movements for the baseline years and shows that the number of movements for
an average summer day 16h has decreased by 1.2%, whilst the number of movements for
an average summer day 24hr has increased by 0.3%. The decreased in daytime
movements is dominated by Stansted airport, which has yet to return to movement levels
seen prior to the 2009-10 recession. The increase in night time movements is likely due to
growth of airlines wishing to maximise revenue and therefore operating more in the
shoulder hours of 23:00 to 23:30 and of 06:00 to 07:00, but further analysis would be
required to confirm this.

Table 4.1 Baseline average summer day and night movements for all airports
assessed:

Scenario: Baseline No. movements
% change
Time Period 2006 2016 2006-2016
Average summer day 16h 4,350 4,295 -1.2%
Average summer night 8h 454 522 +14.9%
Average summer 24h 4,804 4,817 +0.3%

Forecast traffic data:

Traffic forecasts provided by DfT for each airport were based on the 2017 UK Aviation
Forecasts?® for two scenarios: Central and High demand. The High scenario is described
as having a higher passenger demand from all world regions, lower operating costs and a
global emissions trading scheme. These scenarios are described in more detail in
reference 17. The forecasts provided a breakdown of the annual forecast ATMs by aircraft

type.

The noise indicators considered required that the data was broken down by average
summer day (0700-2300) and night (2300-0700) periods, reflecting the summer seasonal
peaks present at most UK airports, and for the annual Lden metric, broken down into annual
average day (0700-1900), evening (1900-2300) and night (2300-0700) periods. Data on
the proportions of movements in the different time periods from the Airports Commission,
itself based on 2011 data, was found to differ from historical 2016 data and thus in the

20 DfT 2017 UK Aviation Forecasts, October 2017.
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absence of better data, information from 2016 was used determine the proportions of
operations in each time period by aircraft type, runway and flight path.

Table 4.2 (a) and (b) presents the number of movements for the forecast years for both
High and Central scenarios. Table 4.2 (a) shows that the number of movements in the
High scenario for an average summer day is forecasted to increase by 39.3% and that for
an average summer night is forecasted to increase by 34.1% between 2016 and 2050. For
the Central scenario, Table 4.2 (b) shows that the number of movements for an average
summer day is forecasted to increase by 37.5% and that for an average summer night it
will increase by 26.8%.

Table 4.2 (a) Forecasted ATMs for all airports assessed i High Scenario

Scenario: High No. movements
% change
Time Period 2016 2025 2030 2040 2050 | 2016-2050
High - average summer day 16h 4,295 4,498 5,323 5,656 5,984 +39.3%
High - average summer night 8h 522 549 616 656 700 +34.1%
High - average summer 24h 4,817 5,047 5,939 6,312 6,685 +38.8%

Table 4.2 (b) Forecast ATMs for all airports assessed i Central Scenario

Scenario: Central No. movements
Time Period 2016 | 2025 | 2030 | 2040 2050 ;/gfg_gggg
Central - average summer 16h 4,295 4,395 5,230 5,602 5,906 +37.5%
Central - average summer night 8h 522 511 573 623 662 +26.8%
Central - average summer 24h 4,817 4,906 5,804 6,225 6,568 +36.3%
%Variation Central-High (24h) - -2.8% -2.3% -1.4% -1.7%

Aircraft noise performance:

For current aircraft types, the noise performance for 2006 and 2016 was based on radar
data and noise measurements provided by Heathrow Airport, Gatwick Airport and
Stansted Airport for 2006 and 2016. In all other cases the aircraft noise performance was
based on Gatwick Airport data, except for the most dominant aircraft types operating at
Birmingham and Manchester airports respectively, where local data is used. The use of
Gatwick data strikes a balance between a lack of available and/or robust data available for
some airports, and proportionality, recognising that airline standard operating procedures
result in similar noise performance across different airports for the same airline operating
to similar destinations i and with the exception of Heathrow airport, for the remaining
seven airports assessed, noise is dominated by the same airlines and aircraft types.

For future aircraft types, the noise performance is based on noise certification data if the
aircraft is already certified. For the longer term (beyond 2030) the aircraft noise
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performance is based on the ICAO long-term technology improvement trend of 0.1dB/year
improvement?L,

Fleet retirement:

The fleet retirement rate used for 2006 to 2016 was based on actual data provided by the
airports. The rate used for the forecast scenarios was given by UK Aviation Forecasts
20171,

Population data:

The population data used for exposure and impact assessment was provided by CACI
Limited?2. Data for 2006 was based on a CACI 2006 update of the 2001 Census and data
for 2016, a 2016 update of the 2011 Census. CACI forecast data was used for 2030, 2040
and 2050. For 2025, the data was interpolated between 2016 and 2030.

21 |CAO (2014), Report by the Second CAEP Noise Technology Independent Expert Panel, ICAO Doc. 10017,
ISBN 978-92-9249-401-8, ICAO, 2014.

22 www.caci.co.uk
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Chapter 5

2006 and 2016 Performance Analysis

Chapter 3 presented the selection of the most suitable metrics for limiting noise exposure
and health impacts and Chapter 4 presented the methodology and data used for the
calculations. This chapter presents the results of the noise metric assessment for 2006
and 2016 using the noise limit schemes selected in Chapter 3 and methodology and data
presented in Chapter 4.

The purpose of the 2006 and 2016 performance analysis is to review the application of
different metrics and to understand the implications on the noise contour area, population
exposed and health impacts.

The metrics used for this analysis are those presented in Table 3.3 including limits for
restricting noise emissions, noise exposure and noise health impacts. The results for the
2006 and 2016 analysis, presented in this chapter, are the combined results for all airports
considered in Chapter 4. The results with the breakdown for each individual airport are
presented in Appendix C.

For metrics that restrict noise emissions, quota count is the selected metric for evaluation
and the results are presented in Table 5.1. The results show that there is a reduction in
guota count for average summer day 16h. For summer night, the results show that there
was a small reduction in quota count. This decrease is mainly due to a shift towards
quieter aircraft, given that the ATMs increased.

Table 5.1: 2006 & 2016 Analysis - Quota Count

Scenario: Baseline Quota Count
Metric 2006 2016 % change
QC - average summer day 16h 2,697 2,471 -8.4%
QC - average summer night 8h 301.3 299.6 -0.6%
QC - average summer 24h 2,998 2,770 -7.6%

For metrics that restrict noise exposure, Table 5.2 presents a summary of the results. The
results show that the noise contour area for an average summer day and an average 24
hour day have reduced at the majority of noise contour levels. On the other hand, the
noise contour areas for night noise have increased both for an average summer night and
for an average annual night.

In terms of the population exposed to noise, the population exposed in an average
summer day and in an average annual 24 hour day have reduced at the majority of noise
contour levels. On the other hand, the populations exposed to night noise have increased
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both in the average summer night and in the average annual 24 hour day. The increase in
population exposed can be related both by the increase in aircraft movements at night and
by the increase in the average population growth for the period (presented in more detalil
later in this chapter).

Table 5.2 also presents the results for the Number Above metric. N60 is used for indicating
the number of aircraft movements above 60 dB over an average summer night, whilst N65
and N70 are used to indicate the number of movements above 65 and 70 dB respectively
during an average summer day. The results from 2006 to 2016 present a reduction in
Number Above for the average summer day and an increase in Number Above for
average summer nights.

The analysis of PEI (70) and AIE (70) (Table 5.2) indicates an increase in PEI (70), which
is in line with the increase in number of movements and increase of population in the area.
The analysis also looked at AIE, showing that AIE has increased, which indicates that the
population exposed to 70 dB events is being subjected to more events due to the increase
in ATMs for the period.
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Table 5.2: 2006 & 2016 Analysis - Summary of noise exposure results for the

selected metrics and contour levels

Scenario: Baseline  Noise Exposure
Area (km?) Population Exposure

% change % change
Metric Level 2006 | 2016 | 2006-2016 2006 2016 2006-2016
fxzaafghsummer day >51 932.3 | 879.0 5.7% | 1,550,500 | 1,560,800 +0.7%
f/‘i‘;;af:hs”mmer day >54 5304 = 490.2 7.6% 825,400 782,300 -5.2%
fxeeg’g’he summer night >45 716.2 | 819.7 +14.4% | 1,016,600 | 1,243,200 +22.3%
fng’f’he summer night >48 419.6 | 473.0 +12.7% 521,700 655,500 +25.6%
Average annual 24h Lden | >50 1,590.0 | 1,455.2 85% | 2,629,900 | 2,474,500 5.9%
Average annual 24h Lden >55 615.6 575.1 -6.6% 997,300 950,000 -4.7%
Average annual 8h Lnight >45 669.3 680.9 +1.7% 1,029,100 1,117,000 +8.5%
Average annual 8h Lnight >50 268.0 256.7 -4.2% 304,600 323,600 +6.2%
Q‘é%rage summer night 8h | o o onts | 1,563.9 | 1,728.2 +10.5% | 1,800,700 | 2,155,400 +19.7%
Q‘é%rage summer night 8014y events 843.6 | 1,071.6 +27.0% | 1,215,900 | 1,473,400 +21.2%
Q‘E’gage summer day 16h | o onts | 2,877.6 | 2,096.5 27.1% | 3,645,400 | 2,608,800 28.4%
Q‘(’gage summer day 160 | 145 cvents | 2,011.0 | 1,561.1 22.4% | 2,449,500 1,965,000 -19.8%
Q‘;%rage summer day 160 | oo ents | 1,0708 | 758.4 29.2% | 1,379,300 | 1,061,800 23.0%
Q‘;%rage summerday 160 | 16 cvents | 777.9 | 5921 23.9% | 974,600 838,700 -13.9%
AIE (70) >5 events - - - 47.0 65.9 +40.0%
AIE (70) >10 events - - - 61.8 79.5 +28.7%
PEI (70) >5 events ; ; - | 66,754,500 | 71,053,600 +6.4%
PEI (70) >10 events ; - - | 64,098,100 | 69,457,300 +8.4%

Table 5.3 presents the 2006 and 2016 analysis results for noise impact. When analysing

the noise impact results for 2006 and 2016, it is observed that the number of highly

annoyed people during daytime has decreased in line with the annual average day 24h
metric. The number of highly sleep-disturbed people has increased in lower noise bands
and increased in higher noise bands.
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Table 5.3: 2006 & 2016 analysis - summary of noise impact results

Scenario: Baseline
% change

2006 2016 2006-2016
No. of people highly sleep-disturbed average annual o
8h Lnight >45 dB 73,800 78,900 +6.9%
No. of people highly sleep-disturbed average annual o
8h Lnight >50 dB 29,600 31,100 +4.8%
No. of people highly annoyed (daytime) average i
annual 24h Lden >51 dB 244,000 240,200 1.6%
No. of people Highly annoyed (daytime) average o
annual 24h Lden >54 dB 180,500 173,200 4.0%

Overall, the 2006 and 2016 analysis are presented in Table 5.4.

Table 5.4: Summary of results for 2006 and 2016 analysis

Metric % change 2006-2016
ATM, average summer day 16h -1.2%
ATM, average summer night 8h +14.9%
Quota count, average summer day -8.4%
Quota count, average summer night -0.6%
Noise contour area, average summer day, >54 dB -7.6%
Noise contour area, average summer night, >48 dB +12.7%
Population exposed, average summer day, >54 dB -5.2%
Population exposed, average summer night >48 dB +25.6%
Number Above, average summer day, N65 >10 -19.8%
Number Above, average summer night, N60 >10 +21.2%
Number Above, average summer day, N70 >10 -13.9%
Average Person Exposure, >10 +28.7%
Person Events Index, >10 +8.4%
No. of people highly annoyed, >54 dB -4.0%
No. of people highly sleep disturbed, >45 dB +6.9%
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CHAPTER 6

Analysis forecast scenarios for 2025, 2030, 2040 and
2050

This chapter presents the results of the analysis of noise metrics calculated for 2025,
2030, 2040 and 2050.

The purpose of the forecast scenarios analysis is to identify the relationship between the
trends of different metrics that track noise emission, noise exposure and noise impact in
relation to forecast traffic growth, to understand the implications and opportunities of
setting limits. The year 2025 was included in the analysis as there was a gap between the
baseline and 2030. It may also be used as a future baseline for the major expansion
proposed at Heathrow. The year 2016 is used as the baseline for the forecast analysis.
Traffic forecasts were provided by DfT for each airport, based on the 2017 UK Aviation
Forecasts?'’.

The results represented in this chapter are the combined results for all eight airports
considered in Chapter 4 and take into consideration the Heathrow third runway (LHR
NWR). The results for each individual airport are presented in Appendix C. The results
excluding Heathrow Airport are summarised in Appendix D.

The traffic movements used for each year and each scenario are presented in Table
4.2 (a) and Table 4.2 (b) and show that the 24h traffic for High and Central scenarios
increase in relation to the 2016 baseline by approximately 39% and 36% respectively.

For noise limiting schemes that restrict emissions, quota count was the selected metric for
evaluation and the results are presented in Table 6.1(a) for the High scenario and Table
6.1(b) for the Central scenario. The forecast results for the High scenario show a decrease
in quota count for an average summer day and a decrease in quota count for the average
summer night. Given that the number of ATMs for the High scenario are forecast to
increase during the period, the decrease in quota count is expected to come from
improvements in noise certification. Results for the Central scenario present similar trends
as the High scenario. However, the Central scenario experiences lower quota count
reductions than the high scenario for daytime and higher quota count reductions.
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Table 6.1 (a): Forecast analysis - Quota Count (including LHR NWR), Scenario: HIGH

Scenario: HIGH  Quota Count
% change
Metric 2016 2025 2030 2040 2050 2016-2050
QC - average summer day 16h 2,471 2,453 2,614 1,966 1,923 -22.2%
QC - average summer night 8h 299.6 261.8 266.6 202.2 207.7 -30.7%
QC - average summer 24h 2,770 2,715 2,881 2,169 2,131 -23.1%

Table 6.1(b): Forecast analysis - Quota Count (including LHR NWR), Scenario:

CENTRAL
Scenario: Central Quota Count
% change
Metric 2016 2025 2030 2040 2050 2016-2050
QC - average summer day 16h 2,471 2,356 2,526 1,881 1,808 -26.8%
QC - average summer night 8h 299.6 248.9 254.0 193.0 195.4 -34.8%
QC - average summer 24h 2,770 2,605 2,780 2,074 2,004 -27.7%

For metrics that could limit noise exposure, Table 6.2 (a) presents a summary of the
results for noise contour areas and population exposed for the High scenario. The results
show that the noise contour areas for all noise exposure metrics considered are forecast to
reduce by 2050, and that it consistently peaks in 2030 due to traffic growth that is
subsequently offset by quieter aircraft entering the fleet in 2040 and 2050.

In terms of the population exposed to noise (Table 6.2(b)), the results show that for the
average summer day, there is a small decrease within the 51 dB Laeqg16h contour, but a
small increase is forecast within the 54 dB Laeqish contour. On the other hand, the average
summer night contours show a small increase in population within the 45 dB Laeqsh contour
and a decrease within the 48 dB Laegsh contour. The average annual 24h population
exposed to noise is forecast to increase and the average annual night time population
within the 45 dB Lnight contour will decrease whilst the population within the 50 dB Lnight
contour is forecast to increase. All of these changes are heavily influenced by forecast
population growth within the noise contours.

Overall, for the noise contour levels where the population decreases, the populations have
not decreased at similar rates to the noise contour area reductions. This is due to the
forecasted increase in population. The forecast growth in population over time will be
discussed later in this chapter.

Table 6.2 (b) also presents the results for the secondary Number Above metric. For an
average N65 and N70 are used to indicate the number of movements above 65 dB and
70 dB Lamax and N60 is used for indicating the number of aircraft movements above 60
dB Lamax for an average summer night. The results show that the N65 and N70 are
forecast to decrease. The N60 is forecast to increase, despite reductions in night time
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Quota Count and contour area due to changes in fleet mix leading to noise decreases

close in and noise increases further out from the airport.

The results for PEI (70) (Table 6.2) show that it is forecast to increase, mostly due to

population growth. The results also show that AIE is forecast to increase, partly due to
population growth, but also to increasing ATMs, which, where events are well above 70 dB
Lmax close to the airport, are not fully offset by quieter aircraft.

Table 6.2 (a): Forecast analysis - summary of noise contour area (including LHR

NWR), Scenario: HIGH

Scenario: High Area (km?) results

% change

Metric Level 2016 2025 2030 2040 2050 2016-2050

Average summer day Laeqish >51 879.0 895.9 9405 807.7 804.6 -8.5%
Average summer day Laeqish >54 490.2 4971 5932 440.6 440.5 -10.1%
Average summer night Laegsn >45 819.7 798.8 826.5 796.3 745.0 -9.1%
Average summer night Laegsn >48 473.0 462.6 473.2 409.7 420.1 -11.2%
Average annual 24 Laen >50 14552 | 1,498.2 | 15652  1,346.6  1,348.3 -7.3%
Average annual 24 Laen >55 5751 5837 610.8 5203 5245 -8.8%
Average annual 8h Laigm >45 680.9 6776  699.4 6091 6219 -8.7%
Average annual 80 Laignt >50 2567 | 2456 2564 | 216.9 223.2 -13.0%
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Table 6.2 (b): Forecast analysis - summary of population exposure (including LHR NWR), Scenario: HIGH

Scenario: High

Population Exposure

% change
Metric Level 2016 2025 2030 2040 2050 2016-2050
Average summer day LAeq16h >51 1,560,800 | 1,622,600 | 1,636,200 | 1,527,300 | 1,552,800 -0.5%
Average summer day LAeql6h >54 782,300 802,700 846,000 771,000 796,000 +1.8%
Average summer night LAeg8h >45 1,243,200 | 1,222,300 | 1,261,900 | 1,197,000 | 1,255,000 +0.9%
Average summer night LAeq8h >48 655,500 605,300 589,600 557,800 604,100 -7.8%
Average annual 24h Lden >50 2,474,500 | 2,587,700 | 2,893,500 @ 2,668,100 | 2,743,200 +10.9%
Average annual 24h Lden >55 950,000 963,400 | 1,007,200 920,700 953,200 +0.3%
Average annual 8h Lnight >45 1,117,000 | 1,093,700 | 1,112,300 | 1,051,900 | 1,101,000 -1.4%
Average annual 8h Lnight >50 323,600 288,100 310,100 299,900 329,300 +1.8%
Average summer night 8h N60 >5 events 2,155,400 | 2,139,800 | 2,318,800 | 2,227,300 | 2,335,000 +8.3%
Average summer night 8h N60 >10 events 1,473,400 | 1,457,100 | 1,622,500 | 1,580,900 | 1,645,200 +11.7%
Average summer day 16h N65 >5 events 2,608,800 | 2,725,500 | 2,664,300 | 2,503,900 | 2,359,600 -9.6%
Average summer day 16h N65 >10 events 1,965,000 | 2,124,000 | 2,145,000 | 1,946,000 | 1,955,000 -0.5%
Average summer day 16h N70 >5 events 1,061,800 | 1,116,100 996,300 861,000 817,300 -23.0%
Average summer day 16h N70 >10 events 838,700 880,100 794,400 675,500 658,500 -21.5%
AIE(70) > 5 events 65.9 66.0 69.4 71.7 76.8 +16.6%
AIE(70) > 10 events 79.5 80.8 84.6 88.6 954 +20.0%
PEI(70) > 5 events 71,053,600 | 77,502,800 | 84,877,700 | 76,820,800 | 82,038,300 +15.5%
PEI(70) > 10 events 69,457,300 | 75,795,300 | 83,375,000 | 75,469,400 | 80,896,600 +16.5%
December 2018 Page 47



CAP 1731 Analysis forecast scenarios for 2025, 2030, 2040 and 2050

Table 6.3 (a) shows the contour area noise exposure results for the Central scenario. The
results show that all contour areas are expected to reduce and that the calculated area
percentage reductions are bigger than in the High case. Table 6.3 (b) present the results
for population exposed for the Central scenario. The results show that the population
exposed to average summer day and average summer night noise will reduce. For the
average annual 24h contour, the population exposed will increase at the lower noise
contours and reduce at the higher noise contours. For the average annual night contours,
the population exposed will decrease. The N-contours for the Central scenario follow the
same trend presented for the High scenario, whereby N65 and N70 reduce and N60
increases with lower percentages than the Central case. PEI and AIE are also forecast to
increase in the Central scenario.

Table 6.3 (a): Forecast analysis - summary of noise contour areas (including LHR
NWR), Scenario: CENTRAL

Scenario: Central AREA (km?) results
% change
Metric Level 2016 2025 2030 2040 2050 2016-2050
Average summer day LAeqléh | >51 8790 865.2 9102 7821 770.4 -12.4%
Average summer day LAeql6h | >54 490.2 4795 507.2 426.4 421.3 -14.0%
Average summer night LAeq8h | >45 819.7 771.3 7925 702.4 710.4 -13.3%
Average summer night LAeq8h | >48 473.0 447.0 456.2 397.3 402.1 -15.0%
Average annual 24h Lden >50 1,455.2 | 1,446.1 | 1504.1 | 1,304.5 | 1,295.6 -11.0%
Average annual 24h Lden >55 575 1 5615 501 5 504 6 502 3 -12.7%
Average annual 8h Lnight >45 680.9 650 4 674.1 5899 506.4 -12.4%
Average annual 8h Lnight >50 256.7 2347 2478 210.7 213.9 -16.7%
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Table 6.3 (b): Forecast analysis - summary of population exposure results (including LHR NWR), Scenario: CENTRAL

Scenario: Central Population Exposure results
% change
Metric Level 2016 2025 2030 2040 2050 2016-2050
Average summer day LAeq16h >51 1,560,800 | 1,606,900 | 1,627,800 | 1,500,400 | 1,508,400 -3.4%
Average summer day LAeql16h >54 782,300 791,600 835,400 743,400 757,000 -3.2%
Average summer night LAeg8h >45 1,243,200 | 1,209,300 | 1,256,200 | 1,176,000 | 1,217,300 -2.1%
Average summer night LAeq8h >48 655,500 597,000 581,000 541,800 576,000 -12.1%
Average annual 24h Lden >50 2,474,500 | 2,573,700 | 2,889,900 | 2,622,400 | 2,650,300 +7.1%
Average annual 24h Lden >55 950,000 948,100 992,800 890,900 909,700 -4.2%
Average annual 8h Lnight >45 1,117,000 | 1,074,800 | 1,094,600 | 1,027,200 | 1,058,200 -5.3%
Average annual 8h Lnight >50 323,600 282,400 303,600 290,400 306,700 -5.2%
Average summer night 8h N60 >5 events 2,155,400 | 2,109,200 | 2,296,500 | 2,194,100 | 2,278,400 +5.7%
Average summer night 8h N60 >10 events 1,473,400 | 1,446,500 | 1,612,600 | 1,555,400 | 1,621,200 +10.0%
Average summer day 16h N65 >5 events 2,608,800 | 2,697,700 | 2,638,100 | 2,463,300 | 2,291,300 -12.2%
Average summer day 16h N65 >10 events 1,965,000 | 2,093,500 | 2,115,800 | 1,914,400 | 1,889,600 -3.8%
Average summer day 16h N70 >5 events 1,061,800 | 1,092,100 957,300 836,400 755,900 -28.8%
Average summer day 16h N70 >10 events 838,700 864,800 768,500 656,100 619,100 -26.2%
AIE(70) >5 events 65.9 64.6 70.0 69.9 79.2 +20.2%
AIE(70) >10 events 79.5 79.5 88.8 91.4 102.4 +28.8%
PEI(70) >5 events 71,053,600 | 75,831,100 | 84,265,200 | 73,877,700 | 77,360,800 +8.9%
PEI(70) >10 events 69,457,300 | 74,164,700 | 82,813,200 | 72,588,800 | 76,321,000 +9.9%
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Analysing the results for noise health impacts, the results show that the number of people
highly annoyed is forecast to slightly increase and that the number of people highly sleep-
disturbed is forecast to have a small decrease for the High scenario. For the Central
scenarios, the number of people highly annoyed and highly sleep-disturbed will present a
small reduction by 2050. Although the number of highly annoyed people and highly-sleep
disturbed people will reduce by 2050, the forecast results show that the number of highly
annoyed people and highly sleep disturbed will be at its highest in 2030.

Table 6.4 (a): Forecast analysis - summary of noise impact results (number of
people highly annoyed and number of people highly sleep disturbed) (including
LHR NWR), Scenario: HIGH

Scenario: High Top 8 airports
combined results

% change
2016 2025 2030 2040 2050 2016-2050

No. of people highly sleep-disturbed 270
Average annual 8h Lnight >45 dB 78,900 74,800 76,600 72,100 | 76,300 3.3%

No. of people highly sleep-disturbed o0
Average annual 8h Lnight >50 dB 31,100 26,700 28,800 27,500 | 30,300 2.4%

No. of people highly annoyed (daytime) o
Average annual 24h Lden >51 dB 240,200 | 245,500 | 257,600 @ 236,600 | 243,500 +1.4%

No. of people highly annoyed (daytime) o
Average annual 24h Lden >54 dB 173,200 | 174,100 | 183,100 | 168,500 | 174,000 +0.5%

Table 6.4 (b): Forecast analysis - summary of noise impact results (number of
people highly annoyed and number of people highly sleep disturbed) (including
LHR NWR), Scenario: CENTRAL

Scenario: Central Top 8 airports
combined results

% change
2016 2025 2030 2040 2050 | 2016-2050

No. of people highly sleep-disturbed e
Average annual 8h Lnight >45 dB 78,900 73,400 75,300 70,200 | 72,800 7.7%

No. of people highly sleep-disturbed 9 RO
Average annual 8h Lnight >50 dB 31,100 26,100 28,200 26,600 | 28,100 9.6%

No. of people highly annoyed (daytime) 570
Average annual 24h Lden >51 dB 240,200 | 242,300 | 255,900 @ 230,900 | 233,800 2.7%

No. of people highly annoyed (daytime) 200
Average annual 24h Lden >54 dB 173,200 | 171,300 | 181,000 | 163,800 | 166,500 3.9%
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Table 6.5 presents the noise impact results assuming the population has not grown since
2016. The results show that the population exposed to noise would be reduced for all
exposure metrics apart from PEI and AIE. The number of people highly annoyed and the
number of people highly sleep-disturbed would reduce by at least 15% (Table 6.6).

The population exposed results from this study are slightly higher than the population
exposed results provided in the NPS work (20,000-30,000 people). This is due to
differences in the ANCON noise model database, allocation of DfT forecast and sensitivity
to contour shape. These are explained in the next paragraphs.

ANCON noise model databases are updated year on year. Whilst the NPS work relied on
the 2016 noise database, the Aviation Strategy forecasts used the 2017 database. It is a
long-standing principle to use the latest available data. Normally CAA reviews the top ten
noise dominant aircraft each year, but in 2017 a major review was untaken of calculated
noise levels across all aircraft types, against noise measurements. Many remain the
same, some are adjusted upwards, some downwards. For some aircraft newly introduced
into service, e.g. A320neo and B737MAX, CAA obtained its first measurements and
replaced industry certification data or estimates dating back to the time of the Airports
Commission assessment.

As part of the noise modelling, there is a need to allocate the DfT aviation forecast ATMs
across the day and night time periods, add a summer uplift (the core noise indicator
LAegl6h, represents an average summer day) and distribute the ATMs across different
airport departure routes. The NPS work relied on distributions to routes and across time
periods based on third party advice to the Airports Commission work, and based on data
from 2011-12. For the Aviation Strategy work, this data was updated to data from the 2016
Environmental Noise Directive noise mapping, done every 5 years. These changes subtly
alter the uplift for a summer day, the split between day, evening and night periods and,
most significantly, the split of ATMs across departure routes.

The third aspect that impacts population exposure is that the population within a contour is
very sensitive to differences in contour shape. Contour area gives a much more reliable
indicator of noise emission. Looking at LHR NWR 2050 as an example, the forecast area
is 11% percent larger than for the NPS work, but the population is 9% smaller. The larger
area indicates a higher noise emission. The fact the population decreases despite the area
increase, is due to the contour shape changing. This is be due to the updated distribution
of traffic across departure routes, reflecting the changes in markets since between 2012
and 2016, for example much higher growth on departure routes serving the Middle East for
example.

A

It is also important to highlight that the nominal uncertainty of ANCONis+1dB. | t 6 s
extremely unlikely that a contour would be in error by +1 or -1dB in every location, and
comparisons with measurements demonstrate this is not the case, but +1dB equates to
+70,000 people at Heathrow in 2050.
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Table 6.5: Forecast analysis 1

Population

summary of noise exposure results (including LHR NWR), Scenario: HIGH with 2016

Scenario: High with 2016_Pop

Population Exposure results

% change
Metric Level 2016 2025 2030 2040 2050 2016-2050
Average summer day LAeq16h >51 1,560,800 1,554,300 1,503,900 1,354,000 1,344,200 -13.9%
Average summer day LAeq16h >54 782,300 768,700 778,600 683,700 689,800 -11.8%
Average summer night LAeq8h >45 1,243,200 1,172,500 1,163,800 1,066,100 1,090,000 -12.3%
Average summer night LAeq8h >48 655,500 579,600 543,800 493,800 521,300 -20.5%
Average annual 24h Lden >50 2,474,500 2,468,900 2,663,900 2,363,300 2,370,300 -4.2%
Average annual 24h Lden >55 950,000 924,500 928,400 817,600 827,200 -12.9%
Average annual 8h Lnight >45 1,117,000 1,051,800 1,028,900 938,900 958,000 -14.2%
Average annual 8h Lnight >50 323,600 273,900 284,600 264,600 283,300 -12.5%
Average summer night 8h N60 >5 2,155,400 2,045,300 2,137,200 1,979,800 2,029,300 -5.9%
Average summer night 8h N60 >10 1,473,400 1,394,400 1,494,200 1,405,400 1,425,800 -3.2%
Average summer day 16h N65 >5 2,608,800 2,614,700 2,464,800 2,206,200 2,062,600 -20.9%
Average summer day 16h N65 >10 1,965,000 2,034,700 1,986,100 1,701,600 1,705,900 -13.2%
Average summer day 16h N70 >5 1,061,800 1,067,400 918,100 765,400 710,500 -33.1%
Average summer day 16h N70 >10 838,700 842,900 731,900 600,100 572,300 -31.8%
AIE(70) > 5 events 65.9 66.3 69.6 71.3 75.7 +15.0%
AIE(70) >10 events 79.5 80.9 84.9 88.2 95.4 +19.9%
PEI(70) > 5 events 71,053,600 73,917,200 79,134,900 69,048,800 72,034,600 +1.4%
PEI(70) >10 events 69,457,300 72,262,500 77,758,200 67,846,700 71,023,400 +2.3%
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Table 6.6: Forecast analysis - summary of noise impact results (hnumber of people
highly annoyed and number of people highly sleep disturbed) (including LHR NWR),
Scenario: HIGH with 2016 Population

Scenario: High with 2016 Pop Top 8 airports
combined results
% change

Metric Level 2016 2025 2030 2040 2050 2016-2050
No. of people highly sleep
disturbed average annual 8h | >45 78,900 | 71,800 | 71,000 | 64,400 | 59,700 -24.3%
Lnight 45dB
No. of people highly sleep
disturbed average annual 8h | >50 31,100 | 25,300 | 26,600 | 24,400 | 26,400 -14.9%
Lnight 50 dB
No. of people highly
annoyed (daytime) average >51 240,200 | 234,600 | 243,200 | 210,100 | 203,500 -15.3%
annual 24h Lden 51dB
No. of people highly
annoyed (daytime) average >54 173,200 | 166,800 | 174,800 | 149,700 | 141,100 -18.5%
annual 24h Lden 54 dB

Overall in the forecast analysis for 2025, 2030, 2040 and 2050 considering population
growth around airports, the results for the High scenario is presented in Table 6.7.

Table 6.7: Summary of forecast analyses results for 2025, 2030, 2040 and 2050

Metric % change
2016-2050
ATM, average summer day 16h +39.3%
ATM, average summer night 8h +34.1%
Quota count, average summer day -22.2%
Quota count, average summer night -30.7%
Noise contour area, average summer day, >54 dB -10.1%
Noise contour area, average summer night, >48 dB -11.2%
Population exposed, average summer day, >54 dB +1.8%
Population exposed, average summer night >48 dB -7.8%
Number Above, average summer day, N65 >10 events -0.5%
Number Above, average summer night, N60 >10 events +11.7%
Number Above, average summer day, N70 >10 events -21.5%
Average Person Exposure, >10 events +20.0%
Person Events Index, >10 events +16.5%
No. of people highly annoyed, >54 dB +0.5%
No. of people highly sleep disturbed, >45 dB -3.3%

When considering a static population from 2016 onwards, the populations exposed to
noise reduce for all metrics taken into consideration. The number of people highly annoyed
is forecast to decrease 18.5% and the number of highly sleep disturbed people is forecast
to decrease by 24.3%.
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CHAPTER 7
Proposed limits

As part of this analysis, it is considered that a limit scheme for each metric type for limiting
noise would be selected to be monitored and that the selection of the limiting scheme
would include noise metric selection, selection of a method to take into consideration the
traffic volume of an airport, selection of a monitoring mechanism for assessing noise limit
compliance and selection of enforcement procedures for noise limits.

7.1 Noise metrics

The methodology utilised to select the metrics took into consideration the pros and cons
from Chapter 2, the suitability to achieve the objectives, presented in Chapter 3, and how
well each metric correlated with the others. The comparison between each metric was
undertaken in order to reduce the overall number of metrics under consideration. For this,
the correlation between each metric was calculated usingt he Pear sonds corr el
coefficient?®. The results for each metric pair are presented in Table 7.1 and values closer
to 1 indicate a stronger correlation between the metrics; values closer to zero indicate a
weaker correlation. The analysis has been undertaken using both a growing population
and a static 2016 population. The results show higher levels of correlation between noise
metrics when a static population is used, so a static population has been used for the
metric selection analysis.

2 https://www.spss-tutorials.com/pearson-correlation-coefficient/
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Table 7.1: (a) Correlation between main metrics i High forecast scenario, 2016 static population
(below 50% red, 50-70% yellow, above 70% green correlation)

n N60 >10
n N65 >10

events
n N70 >10

Populatio
N Laeqgsn
>48 dB
events
avg

No. of
HSD

No. of HA

ATMs avg
summer
summer
day

QC avg
summer
night
Area
(km?)

L aeq.16n
SEA AR
Area
(km?)
I—Aeq 8h

QC avg

ATMs average summer day

ATMs average summer night

QC average summer day

QC average summer night

Area 54 dB LAequh

Area 48 dB Laegsn

Population Exposed >54 dB Laequeh

Population Exposed >48 dB Laegsn

Population Exposed to N60 >10 events

Population Exposed N65 >10 events

Population Exposed N70 >10 events

No. of people highly sleep disturbed

No. of people highly annoyed
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The total number of movements has the advantage of being easily calculated and the
information is available at several airports, however the number of movements does not
take into consideration the noise emissions from different aircraft, neither does it account
for the different payload and distances travelled, which are important. The number of
movements has good correlation with day noise quota count and night noise quota count,
when broken down into the number of movements per day and night respectively. It shows
reasonable correlation with day noise contour area, but it gives no mechanism to limit
impact within a given area. It also does not have any correlation with people exposed, so it
would be not be effective in controlling population noise exposure or in driving noise
reduction. Overall, the number of movements is a metric that should be monitored to
understand the growth of the aviation market, but it does not provide effective controls to
limit noise generation, noise exposure nor noise impacts.

The metric considered in this study for restricting noise emissions is Quota Count. It has
the advantage of being easily calculated, it is already used at several airports and can be
used both at national and local level, as well as in an absolute sense or be normalised by
the volume of traffic. On the other hand, noise Quota Counts are not that easy to
administrate and this needs to be taken into consideration if applied to smaller airports.
There is good correlation between the number of daytime movements and daytime Quota
Count, and a good correlation between night-time movements and night-time Quota
Count. The daytime Quota Count correlates relatively well with Laeqish contour area;
however, the correlation of night-time Quota Count with Laegsh noise contour area is not
that clear. More detailed investigation highlighted that the poorer than expected correlation
between night-time contour area and Quota Count is isolated to Gatwick airport and night-
time fleet changes between 2006 and 2016.

The results also showed that there is some correlation between daytime Quota Count and
Laegi6h population exposed, however there is no clear correlation for night-time, this being
due to the large differences in population density between the airports assessed. However,
at a given airport, the correlation between day or night-time population is high. The Quota
Count is considered effective at ensuring that the growth in number of movements is
balanced out with the introduction of new technology. However, it is not an effective control
for limiting noise within a given area with population growth as it offers no mechanism to
directly limit the distribution of noise around an airport. Quota Count reductions can be
associated with a reduction in noise impact, but only if the noise distribution and population
remain constant, as it is not effective in controlling the influx of population into areas near
the airport. Quota Count offers an easy way for airports to liaise with airlines on the
management of their day to day noise emission and could play a role in linking a KPl more
focused in addressing noise impacts and the operational requirements from airports.

In relation to metrics that restrict noise exposure, Laeqgi6h, Laegsh, Lden, Lnight were considered
in the analysis. However, they require calculations and need to be supported with ongoing
measurements. Laeqish and Laeg,sh have the advantage of already being routinely assessed
and monitored at many UK airports, so limited change would be required for their use as a
limit-based KPI. Lden is the metric specified for the environmental noise maps produced
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every five years under the European Noise Directive (Directive 2002/49/EC). Were it
adopted as a KPI it would require assessment more frequently than is done currently, and
whilst this would facilitate reporting to the EC, it would increase the assessment burden on
airports. Lden also provides the opportunity to have a single metric to incorporate the noise
levels for day, evening and night. However, when the impacts in different parts of the day
are different, i.e. annoyance and sleep-disturbance, Lden does not address these. Given
that some airports in the UK (Heathrow and Gatwick) already monitor Laeqish at 54 dB (and
above) and Laegsh at 48 dB, it is proposed that these metrics together with their respective
noise exposure areas are used as the basis for day and night noise exposure limits.

The average summer day Laegieh cOntour area presents a relatively good correlation with
population exposed and the average summer night Laegsh Noise contour area correlates
relatively well with population exposed to night noise. The levels of correlation between the
Laegi6h NOise contour and the number of highly annoyed people are low due to the varying
population density between different airports. At a given airport, the correlation between
area and the number of people highly annoyed is high. Similar results are seen for the
estimated number of highly sleep-disturbed people.

Other supplementary noise exposure metrics analysed to limit noise exposure are Number
Above, PEI and AIE. These metrics can be applied to either summer or annual average
time periods as well as for different periods of the day. In this report they have been
analysed for the summer period. Number Above metrics are useful to understand how
often a population is exposed to aircraft noise, but have the disadvantage that they treat
noise at different levels in the same way, e.g. a noise event of 71 dB or 80 dB Lamax IS
counted, but an event at 69 dB or 50 dB Lmax is not. Nevertheless, Number Above
presents a way of understanding the number of events above a certain noise level, but it
does not directly relate to the level of exposure. Person Events Index (PEI) aggregates
Number Above information at different quantities into a single indicator that can be
considered the total noise load of an airport on the surrounding population. The Number
Above metrics showed better correlation with the other metrics and therefore were
selected for comparison in Table 7.1. Number Above provides a reasonable correlation
with the number of ATMs and with Quota Count. Number Above has reasonable
correlation with noise contour area and with population exposed during daytime. The
correlation is not as clear for night-time. It shows some correlation with population
exposed, but this was not strong enough to consider Number Above as an appropriate
limit metric.

The analysis of noise impact took into consideration the number of highly annoyed people
and the number of highly sleep-disturbed people. The advantage of these metrics is that
they are directly related to the health impact associated with noise. On the other hand,
they are limited by the dose-response relationships between noise exposure (Laeg Or Lden)
used to estimate the numbers of people likely to be highly annoyed or sleep disturbed,
which are also subject to change over time. For this analysis, the estimates were based on
Lden (annoyance) and Lnight (Sleep disturbance) respectively, so they are related to the
annual noise exposure levels. Whilst an equivalent function is available for summer
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daytime, one is not available for the average summer night time, but it is recommended
that similar functions are established in UK. Like for population exposure, it was found that
the number of highly annoyed and highly sleep disturbed people did not correlate well with
the other noise metrics when data were aggregated across airports because of the
different population densities across airports, making the indicator unsuitable as a national
indicator. However, it was found to correlate with noise exposure area and QC at a given
airport, but like population it suffers from being affected by population growth.

Given that Number Above lacks an ability to restrict population exposure, it is not
recommended as a main noise limit. However, Number Above are recognised as a useful
supplementary noise metric and it is recommended as a KPI to be monitored at each
airport.

Overall, Quota Count and average summer daytime and night-time noise contour area at a
certain noise level are considered to represent the best correlation with other noise metrics
and therefore to limit overall noise exposure.

7.2 Selection of method to take into consideration traffic volume of an airport

Several methods can be used to take into consideration the traffic volume at an airport and
provide a relative measure for a noise limit. If a relative method is to be introduced in the
UK it should be set to account for different sized airports according to the different
economic benefit they generate.

For this study, only the number of movements for each airport was available. Figure 7.2
presents the results of normalising each metric by the number of average summer day
movements. This was done by dividing each of the results by the number of average
summer day movements. The results show that the normalisation does not give a
consistent variation amongst most metrics and therefore may not be the most appropriate
method for taking into consideration the traffic volume.

December 2018 Page 58



CAP 1731

Proposed limits

Figure 7.2: Metrics normalised by number of movements

Forecast Metric Level 2006 2016 2025 2030 2040 2050

High No. Movements LAegl16h - 1 1 1 1 1 1
High No. Movements LAeg8h - 0.1 0.1 0.1 0.1 0.1 0.1
High QC - LAeql16h - 0.6 0.6 0.5 0.5 0.3 0.3
High QC - LAeq@8h - 0.1 0.1 0.1 0.1 0.0 0.0
High Area (km2) LAegl6h >54 dB 0.1 0.1 0.1 0.1 0.1 0.1
High Area (km2) LAeg8h >48 dB 0.1 0.1 0.1 0.1 0.1 0.1
High Population exposed - LAeql6h >54 dB 189.8 182.1 178.5 158.9 136.3 133.0
High Population exposed - LAeq8h >48 dB 119.9 152.6 134.6 110.8 98.6 100.9
High Population exposed - N60 >10 events 279.5 343.0 324.0 304.8 279.5 274.9
High Population exposed - N65 >10 events 563.2 457.5 472.2 403.0 344.1 326.7
High Population exposed - N70 >10 events 224.1 195.3 195.7 149.3 119.4 110.0
High No. of people highly sleep-disturbed Lnight 45dB >45 dB 6.8 7.2 5.6 5.0 4.3 4.4
High No. of people highly annoyed Lden 54 dB >54 dB 415 40.3 37.1 32.8 26.5 23.6

December 2018 Page 59



CAP 1731 Proposed limits

Others studies® argue that a method that accounts for weight (maximum payload) and
distance travelled would enable equitable exposure or impact-based limits as it would take
into consideration both freight and passenger weight as well as distance travelled over a
period. It is recommended that this method of taking into consideration traffic volume is
tested and used as part of a noise limit. Eurocontrol Charges MTOW /50 uses a weight
and a distance factor and therefore could be explored further as a metric to take into
consideration traffic volume at an airport?4.

7.3 Selection of a monitoring mechanism for noise limits compliance

Chapter 2.3 presents the review of noise limits compliance limit. Following from section 7.1
the noise scheme derived would have metrics for noise emissions, noise exposure and
noise impact and limits only for noise exposure, as it would be the best way of
encouraging improvements in noise emissions and the reduction of noise impacts.

It is recommended that Quota Count and noise contour area are used to monitor noise
exposure and that the number of highly annoyed people and number of highly sleep-
disturbed people are monitored.

A wide range of options for compliance that could be used with these metrics is presented
in Chapter 2. The selection presented here is based on keeping consistency as much as
possible with what is already being used to monitor compliance.

For noise quota it is recommended thattheLondon Airportsodo Quota Cou
expanded to other airports and applied to both day and night-time?2°. The monitoring of

Quota Count would need to be undertaken on a continuous basis and reported annually.

For noise contour area at a certain noise level, it is recommended that the selected

airports would report their average summer Laegish and Laeqsh contour areas on an annual

basis. The selection of airports could be aligned with the major airport definition in the

Environmental Noise Directive, i.e. those with more than 50,000 ATMs per year or those

within agglomerations, although it is recognised that this would require some airports to

undertake annual assessments that do not currently.

The number of highly disturbed people and highly sleep disturbed people are currently
derived from EEA functions'® and calculated using noise exposure areas based on Lden
and Lnight. These metrics could be calculated as part of the Defra END five yearly reporting
requirements. Alternatively, in the future, dose response functions could be derived from
SoNA 2014, based on average summer day and night-time noise exposure and then be
linked to the same metric for reporting noise exposure area.

24 Central Route Charge Office, Customer Guide to Charges, Jan 16.
25 London Airports Noise Restrictions Notice (No. 2 2018)
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7.4 Selection of enforcement procedures for noise limits

As presented in section 2.4, a noise limit scheme requires an enforcement procedure and
an organisational body to oversee the enforcement process. Table 2.4 presents a
summary of enforcement procedures including advantages and disadvantages.

Following on from the selection of noise metrics presented in section 7.1, it is
recommended that Quota Count and average summer day and night noise contour areas
are used to limit noise exposure and that the number of highly annoyed people and
number of highly sleep-disturbed people are monitored.

If using a Quota Count based limit, it is recommended that the same approach as the
London Airports Night Restrictions is used, and that any exceedance of the Quota Count
results in a loss of future capacity in the next control period up to a certain proportion,
beyond which a further penalty could be applied. The most appropriate control period
would be the summer/winter scheduling periods, which would enable scheduling to be
coordinated alongside the limit, as is done today at the London airports for the Night Quota
Period.

If noise contour area at a specified contour level is used as the noise limit, a similar
penalty system could be applied, but the period would need to be aligned with the noise
metric, the average summer day or night.

7.5 Other factors

Unlike Quota Count, there are other factors that may alter the noise contour area for a
particular airport and therefore need to be considered if an area limit is to be implemented.
These factors include runway modal split, the airspace design and the distribution of flights
across arrival and departure routes.

Runway modal split is dictated by wind direction and can alter contour area which could
cause a breach through no fault of the airport. A change of airspace design, for instance,
the introduction of different SIDs can change the contour shape and slightly alter the
contour area. Where major airspace redesigns are considered, a contour area limit may
need to be re-evaluated in light of the revised airspace design. Finally, a redistribution of
flights between existing SIDs, e.g. due to a change in destination markets served, may
also change contour shape and have a secondary effect on contour area for no increase in
ATMs.
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7.6 Selection of noise limit schemes

The selection of a suitable noise limit has taken into consideration the ability of the noise

indicator to limit noise emission, limit area exposed to specific levels, the population

exposed or health impacts. Other key considerations being used in this review, as

introduced in Chapter 1, are the ability to fulfil national and local requirements, and to be
related to factors within the aviation indust

The analysis presented in section 7.1 to 7.5 shows that:

A Average summer day and night Quota Count represent relatively good correlations
when compared with noise contour area, but little correlation with population exposed
to noise when population remains constant at 2016 levels, due to differing population
densities around the airports assessed. However, for a given airport, there is a good
correlation between Quota Count and population exposure.

A Daytime Laeqi6h contour area correlates well with population exposed to noise, when
population growth is not considered. However, night-time Laegsh contour area is not
well correlated with population exposure, due to the wide range of population
densities across airports, and night restrictions that result in night-time contours
being similar in size across different airports, compared to daytime. Laeg,sh contour
area is, however, well correlated with population exposure for a given airport.

A Overall, Quota Count and noise contour area at a certain noise level present the best
correlation with other noise metrics and are recommended to limit noise exposure.

A Because Quota Count and noise contour area at a certain noise level are unrelated
to the population density around an airport, they are unable to control the population
influx into areas exposed to noise around an airport.

A Unless the aviation industry is given much greater control over the population influx
around an airport, it is not possible to recommend noise limits based on population
exposure that are currently beyond the control of the aviation industry.

A Neither Quota Count nor noise contour area present very good correlations with the
number of people estimated to be highly-annoyed or highly-sleep disturbed, again,
due to the varying population densities across the airports assessed and therefore
are not recommended as a national noise limit. There is, however, good correlation
at a given airport and so there is merit in monitoring the number of people highly
annoyed or highly sleep disturbed, but given that the surrounding population is
allowed to grow, these metrics are outside an airpor t 6 s &nd motlimits $hould be
applied to them.
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The recommended methods of choice to take into consideration the traffic volume of
an airport are weight (freight & passenger payload) and distance travelled. These two
enable equitable exposure or impact-based. Existing airport statistics reporting
Revenue Passenger Kilometres (RPK) and Revenue Tonne Kilometres (RTK) could
be used as the basis of total airport productivity, however, this would add complexity
and need further consideration.

At a local level, the use of a relative limit linked to Quota Count or noise contour area
would not necessarily limit noise exposure for the communities around airports.
Therefore, an absolute limit is proposed to limit local noise. A locally set absolute
Quota Count or noise contour area limit for each airport would allow for local
authorities to balance noise limits with land use and economic issues. The local
absolute limit will also ensure that airports are accountable for reducing the noise.

At the national level, there may be wider opportunities for growth whereby a relative
metric would be more suitable, however it would not necessarily limit noise exposure
and would only give an indication of how efficient the airport is compared to others. A
relative limit, e.g. QC per flight, would also need to be considered alongside other
aviation environmental impacts such air quality and greenhouse gas emissions. The
introduction of a nationally set absolute Quota Count limit or noise contour area limit
would allow for comparison between airports to be made, to get a better
understanding of the internal market and of the total number of people impacted by
noise in the UK. If an area limit is selected, the national limit will also allow for
comparison of noise contour area efficiency between airports. On the other hand,
absolute national limits may restrict aviation grown in certain areas.

In terms of noise monitoring mechanisms, it is recommended to keep in line with
current reporting as much as possible in order to minimise any extra reporting
burden. Therefore, for Noise Quota it is recommended that the London Airports Night
Restrictions system be applied to other airports for the daytime and night-time
periods across summer and winter seasons (aligned with airport scheduling
changes). For noise contour area at a certain noise level, it is recommended that
average summer day 54 dB Laeqi6h and 45 dB Laegsh contours are used.

To monitor the number of people impacted, the number of highly annoyed and highly
sleep-disturbed people should be used. These should be calculated using UK dose-
response functions based on average summer day Laeqish and night Laegsh contours
and thus related to noise contour area limits.
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In summary, the proposed limit scheme consists of:

1) A nationally set absolute Quota Count limit or noise contour area limit at a particular
noise level for both day and night, aggregated across all major airports;

2) A locally set absolute Quota Count or noise contour area limit at a particular noise
level for both day and night for each airport;

3) Local monitoring of the number of highly annoyed and highly sleep-disturbed
people;

4) Reporting requirements.

December 2018 Page 64



CAP 1731 Sensitivity analysis

CHAPTER 8
Sensitivity analysis

Two sensitivity analyses were considered in order to understand what the impact would be
if the older fleet was substituted at a faster rate and if the rate of technology improvement
was accelerated.

In order to undertake a sensitivity analysis considering the impact of a faster rate of
introduction of quieter aircraft into airport operations, this study considers that for all
airports in 2025, each aircraft type is substituted with its newest equivalent type,
maintaining size and range capability. The sensitivity analysis was undertaken on the
average summer day Laeqish and night Laeqsh Noise contours to compare the variation
between the fleet as per (DfT) forecast and a further acceleration of fleet replacement of
4% per year.

A 4% acceleration was selected by analysing the rate of change observed at the London
airports in the last three summers (2015-2017) as per Figure 8.1, which shows that the
average rate of fleet change per year is approximately 3%. Therefore, this sensitivity
analysis considered how much the noise could be reduced if the rate of fleet change was
doubled to 6% per year. The results presented in Table 8.1 show that the average summer
day 54 dB Laeq contour area would reduce by a further 8% by 2025 if the rate of change
towards new technology is doubled each year. The corresponding population reduction
would be 6.7%. Slightly smaller improvements are seen for the night-time noise contours,
due to the different fleet mix and the dominance of arrival operations.

Figure 8.1 Estimated percentages of traffic less than one year old
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Table 8.1(a): Best in class results T 2025 noise contour area

2025 contour area (km?)
Metric Level High High best in class % change
Average summer day LAeql16h >51 895.9 832.2 -7.1%
Average summer day LAeql6h >54 497.1 457.5 -8.0%
Average summer night LAeq 8h >45 798.8 745.5 -6.7%
Average summer night LAeq 8h >48 462.6 431.2 -6.8%
Table 8.1(b): Best in Class results i 2025 Population Exposure
2025 population exposed
Metric Level High High best in Class % change
Average summer day LAeql16h >51 1,622,600 1,547,700 -4.6%
Average summer day LAeql6h >54 802,700 748,600 -6.7%
Average summer night LAeq 8h >45 1,222,300 1,171,200 -4.2%
Average summer night LAeq 8h >48 605,300 73,600 -5.2%

In order to understand the impact of different rates of technology improvement the main
analysis (which used a 0.1dB/year improvement rate) was repeated using a 0.3 dB/year
improvement rate and representing the upper bound of the ICAO Independent Expert
Noise Technology Review!’ (0.1 dB/year being the lower bound). The analysis was
undertaken for all airports in 2050 using the average summer day Laeqish and night Laegsh
noise contours. Table 8.2 (a) presents the results, showing a further 8% reduction in
average summer day Laeqgi6h contour area, and a further 5% reduction in average summer
night Laegsh contour area, if the rate of improvement of technology is accelerated from 0.1

dB per year to 0.3 dB per year.

Table 8.2(a): Rate of technology improvement results - noise contour area

2050 contour area (kmg?)
High with tech.
Metric Level High improvement % change
Average summer day LAeql6h >51 804.6 746.7 -7.2%
Average summer day LAeql6h >54 440.5 406.3 -7.8%
Average summer night LAeq 8h >45 745.0 706.6 -5.2%
Average summer night LAeq 8h >48 420.1 398.4 -5.2%
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Table 8.2(b): Rate of technology improvement results - population exposed

2050 population exposed

High with Tech

Metric Level High Improvement % change
Average summer day LAeql16h >51 1,552,800 1,434,200 -7.6%
Average summer day LAeql16h >54 796,000 686,200 -13.8%
Average summer night LAeq 8h >45 1,255,000 1,181,600 -5.8%
Average summer night LAeq 8h >48 604,100 561,800 -7.0%

In the same manner, if there is a delay in introducing fbest in classoaircraft or a delay in

fleet replacement that reduces the noise improvement rate to less than 0.1 dB per year,
the noise contour area and population exposure reductions estimated in the main analysis

would be reduced.
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CHAPTER 9
Conclusions

The Department for Transport is developing a new Aviation Strategy and commissioned
the CAA to undertake four analyses in support of the strategy: airport noise forecasts,
consideration of how airport noise may be limited, the effect of emerging aviation
technologies on future noise exposure and to investigate the potential role that ambient
(background) noise plays in attitudes to aircraft noise. This report covers the first two items
and presents a feasibility study of implementing airport noise limits nationally and locally,
including consideration of the pros and cons that noise limits may create. To inform the
consideration of noise limits, it uses DfT aviation growth forecasts to estimate the level of
aircraft noise in the shorter/medium term (2025) and in 2030, 2040 and 2050. The report
also includes two sensitivity analyses to understand what the effect would be if older
aircraft were replaced at a faster rate and also if the rate of technology improvement was
accelerated.

A review of suitable noise metrics, targets and limits relating to aircraft noise exposure and
their associated effects on noise limiting noise emission, exposure and health impact was
undertaken. The limits review considered ways to limit noise emission at source, the area
exposed around an airport, the population exposed within that area, and their associated
health impacts, from which a reduced set of metrics was selected for detailed analysis.

The noise around an airport varies over time, primarily depending on aviation growth rates,
and the introduction of quieter aircraft. Over the last 30 years there has been a significant
reduction in noise exposure around virtually all UK airports. However, after the recession
of 2009, which was followed by sustained growth, noise exposure has grown over the past
five years at several airports. In order to inform a consideration of noise metrics and
potential targets and limits, noise analysis was undertaken for eight airports (Birmingham,
Edinburgh, Glasgow, London Gatwick, London Heathrow, Luton, Manchester and
Stansted), for two historical years (2006 and 2016) and the following forecast years: 2025,
2030, 2040 and 2050. The forecast analysis takes into account the adoption of the Airports
National Policy Statement (NPS) and assumes a third North West Runway (NWR) at
Heathrow is built by 2030.

The analysis of the 2006 and 2016 noise performance was undertaken to review the
application of different limits and to understand the implications of changing noise
emission (quota), contour area, population exposure, and noise impacts over the past ten
years.

The forecast analysis for 2025, 2030, 2040 and 2050 was undertaken to identify the effect
of different limits in relation to modelled traffic growth, in order to understand the
implications and opportunities for reducing noise generation, population exposed and
noise impacts. Central and high scenarios were used in the analysis based on the latest
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UK Aviation Forecasts. A summary of the high scenario analysis covering the total for all
airports is presented in Table 9.1. The results presented use a population growth per CACI
forecast data.

December 2018 Page 69



CAP 1731 Conclusions
Table 9.1: Summary of noise metric results with population growth including a third runway (NWR) at Heathrow, Scenario:
HIGH

Year
Metric Period Level 2006 2016 2025 2030 2040 2050 % change
2016-2050
Traffic Average summer day 16h* - 4349.5 4295.3 4497.8 5322.5 5655.9 5984.3 +39.3%
(ATMs) Average summer night 8h* - 454.3 522.0 549.4 616.2 656.4 700.2 +34.1%
Noi'se. Average summer day 16h* QC - 2696.7 2470.5 2453.1 2614.0 1966.3 1922.9 -22.2%
emission
g?uotg Average summer night 8h* QC - 301.3 299.6 261.8 266.6 202.2 207.7 -30.7%
oun
Average summer day LAeq16h* >54 dB 530.4 490.2 497.1 523.2 440.6 440.5 -10.1%
Area Average summer night LAeq8h* >48 dB 419.6 473.0 462.6 473.2 409.7 420.1 -11.2%
?é&%?ure Average annual 24h Lden >55 dB 615.6 575.1 583.7 610.8 520.3 524.5 -8.8%
Average annual 8h" Lnight >50 dB 268.0 256.7 245.6 256.4 216.9 223.2 -13.0%
Average summer day LAeq16h* >54 dB 825,400 782,300 802,700 846,000 771,000 796,000 +1.8%
Average summer night LAeq8h* >48 dB 521,700 655,500 605,300 589,600 557,800 604,100 -7.8%
Population Average annual 24h Lden >55 dB 997,300 950,000 963,400 1,007,200 920,700 953,200 +0.3%
exposure | Average annual 8h" Lnight >50 dB 304,600 323,600 288,100 310,100 299,900 329,300 +1.8%
(Numbers | Average summer night 8h* N60 >10 events 1,215,900 1,473,400 1,457,100 1,622,500 1,580,900 1,645,200 +11.7%
‘:’é&%sgé% Average summer day 16h* N65 >10 events 2,449,500 1,965,000 2,124,000 2,145,000 1,946,000 1,955,000 -0.5%
Average summer day 16h" N70 >10 events 974,600 838,700 880,100 794,400 675,500 658,500 -21.5%
Average Individual Exposure (70) | >10 events 61.8 79.5 80.8 84.6 88.6 95.4 +20.0%
Person Events Index (70) >10 events 64,098,100 69,457,300 75,795,300 83,375,000 75,469,400 80,896,600 +16.5%
m;it ;'r']?]z'glsgﬁ?ﬁ;]‘?ggfrbed average |45 dB Lnight 73800 78900 74,800 76,600 72,100 76,300 -3.3%
(Numbers
exposed to | Highly annoyed (daytime) average | 5, 4 | gen 180,500 173,200 174,100 183,100 168,500 174,000 +0.5%
noise level) |annual 24h Lden

*16h: 0700-2300 and 8h: 2300-0700.
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The results show that from 2006 to 2016, source noise emission (Quota Count) has
decreased by 8.4% for an average summer day and by 0.6% for an average summer
night. Noise contour areas have decreased by 7.6% for an average summer day at 54 dB
and by 12.7% for an average summer night at 48 dB. Population decreased by 5.2% for an
average summer day and increased by 25.6% for an average summer night, due to the
growth in population within the noise contours between the two years.

For the forecast years, the results show that source noise emission (Quota Count) is
expected to reduce by 22.2% for an average summer day and reduce 30.7% for an
average summer night. The noise contour areas are expected to reduce by 10.1% for an
average summer day and by 11.2% for an average summer night. However, the
population exposed is expected to increase by 1.8% for an average summer day at 54 dB
and to decrease by 7.8% for an average summer night at 48 dB. The number of Highly
Annoyed people is expected to increase by 0.5% at 54 dB and number of Highly Sleep
Disturbed people is expected to decrease by -3.3% at 45 dB, when accounting for the
forecast growth in population from 2016 onwards.

When a static population was considered from 2016 onwards, the population exposed decreased
by 11.8% for an average summer day at 54 dB and by 20.5% for an average summer night at 48
dB, in line with noise contour area reductions. Impacts are also forecast to reduce, with the number
of Highly Annoyed people decreasing by 18.5% at 54 dB for an average annual day and
the number of Highly Sleep-Disturbed People decreasing by 24.3% at 45 dB for an
average annual night, assuming no population influx into the noise contour.

In order to derive the proposed noise limits, an analysis was undertaken to determine the
correlation between the metrics selected, to understand how well they relate to each other
and their ability to limit the amount of noise emitted, the noise exposure (contour area) and
the number of people highly annoyed or highly sleep-disturbed.

In order to address the Aviation Policy Framework objectiveto i | i mi theregossiblew
reduce the number of people i n the abddakeintagni f i
account the latest UK airspace policy noise objectives to avoid significant adverse impacts

and mitigate and minimise adverse impacts, the proposed limit scheme would contain the

following:

1) A nationally set absolute Quota Count limit or noise contour area limit at a particular
noise level, for both day and night, aggregated across all major airports;

2) A locally set absolute Quota Count or noise contour area limit at a particular noise
level, for both day and night, for each airport;

3) Local monitoring of the number of highly annoyed and highly sleep disturbed
people;

4) Reporting requirements.
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A sensitivity analysis on two of the forecast noise technology assumptions was also
undertaken to assess the impact of a faster substitution of quieter aircraft into the forecast
fleets and of a faster rate of technology improvement.

If the rate of substitution of aircraft to the best in class is doubled from 2016 to 2025 a
further 8% reduction in noise contour areas would be achieved for an average summer
day at 54 dB and a further 6.7% reduction in noise contour area would be achieved for an
average summer night. In the same way, the population exposed would decrease by 6.7%
for an average summer day at 54 dB and by 5.2% for an average summer night at 48 dB.

If the rate of technology improvement was increased from 0.1 dB to 0.3 dB per year from
2016 to 2050 the noise contour area would reduce by a further 7.8% for an average
summer day at 54 dB and by 5.2% for an average summer night at 48 dB. The population
exposed would reduce a further 13.8% for an average summer day at 54 dB and by 7% for
an average summer night at 48 dB.
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APPENDIX A

Glossary

A-weighting A frequency weighting that is applied to the electrical signal within a noise-
measuring instrument as a way of simulating the way the human ear responds to a range
of acoustic frequencies.

AIE Average Individual Exposure is the average number of noise events per exposed
person above a certain level

ATM Air Traffic Movements

BHX Birmingham Airport

dBA Units of sound level on the A-weighted scale.
DNL See Ldn.

DfT Department for Transport (UK Government).
Eurostat European Statistical Office

EDI Edinburgh Airport.

EPNL Effective Perceived Noise Level. Its measurement involves analyses of the
frequency spectra of noise events as well as the duration of the sound.

ERCD Environmental Research and Consultancy Department of the Civil Aviation
Authority.

GLA Glasgow Airport.
ICAO International Civil Aviation Organization.

HA The number of people (highly) annoyed during the day according to EU WHO [4] or
SoNA [5] definitions.

HSD The number of people (highly) sleep-disturbed according to EU WHO [4] or SoNA [5]
definitions.

LA The A-weighted sound level (in dBA).

LAeq8h Equivalent sound level of aircraft noise in dBA for the 8 hour annual day. For
conventional historical contours for a particular year this is based on the daily average
movements that take place between 0700 and 2300 local time during the 92-day period 16
June to 15 September inclusive.

December 2018 Page 73



CAP 1731 Glossary

LAegl6h Equivalent sound level of aircraft noise in dBA for the 16 hour annual day. For
conventional historical contours for a particular year this is based on the daily average
movements that take place between 0700 and 2300 local time during the 92-day period 16
June to 15 September inclusive.

LAmax The maximum A-weighted sound level (in dBA) measured during an aircraft fly-by.

Lday Equivalent sound level of aircraft noise in dBA for the 12-hour annual day (0700-
1900).

Lden Equivalent sound level of aircraft noise in dBA for the 24-hour annual day, evening,
and night where the evening movements are weighted by 5 dB and night movements are
weighted by 10 dB.

Ldn 24-hour Leq measure with an un-weighted 11-hour daytime period (0700-2200) and a
10 dB weighting for any noise events occurring during a 9-hour night- time period (2200-
0700). This metric is commonly referred to as the Day-Night Level (DNL).

Leqg Equivalent sound level of aircraft noise, often called equivalent continuous sound
level. Leq is most often measured on the A-weighted scale, giving the abbreviation LAeq.

Levening Equivalent sound level of aircraft noise in dBA for the 4-hour annual evening
(1900-2300).

LGW London Gatwick Airport.
LHR London Heathrow Airport.
LHR London Heathrow Airport.

Lnight Equivalent sound level of aircraft noise in dBA for the 8-hour annual night (2300-
0700).

LTN Luton Airport.
MAN Manchester Airport.
N_XX Number Above is the number of aircraft events louder than XX dBA

Pearsonds cor r el iadnumber betveeent-If andlithatintdicates the extent
to which two variables are linearly related.

PEI Person Event Index is the number of noise events all residents are exposed to above
a certain threshold level and gives a figure that represents the total noise load or burden
the airport places on the surrounding population

PNL/PNdB Perceived Noise Level, measured in PNdB. Its measurement involves
analyses of the frequency spectra of noise events as well as the maximum level.

PNLT Tone-corrected Perceived Noise Level. PNLT is a refinement of PNL that accounts
for any strong tonal content in an individual spectrum.
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QC Quota Count is a metric intended to reflect the contribution made by an aircraft to the
total noise impact around an airport, the latter being expressed by the total Quota Count -
the sum of the QC classifications of all arrivals and departures.

SEL The Sound Exposure Level generated by a single aircraft at the measurement point,
measured in dBA. This accounts for the duration of the sound as well as its intensity. (SEL
is referred to as LAE or LE in some texts.)

STN Stansted Airport.
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APPENDIX B

Overview of ANCON and ECAC-CEAC Doc 29 4t edition

Recommended practices for aircraft noise modelling have been published by three major
aviation bodies: ICAO, ECAC and SAE. They offer guidance on how to construct a
framework for modelling and how to use the manufacturer-supplied data. The level of
detail varies, but there is a broad agreement on topics modellers need to consider and on
areas where bodies have detailed agreement.

ECAC Doc. 29 is a standard method used for computing noise contours around civil
airports, recommended for use in the 44 ECAC States, initially published in 1987 and
developed by the ANCAT/AIRMOD Task Group of ECAC. Its Fourth Edition was adopted
by ECAC-DGCA/147 on 7 December 2016. It allows for consistent computation of noise
contours throughout ECAC States. It is also used as the reference methodology for EU
noise legislation, including for the establishment of noise action plans, and contributes
towards the global guidance from ICAO. The new edition of ECAC Doc. 29 includes
several technical improvements to the modelling.

Figure B.1 is a description of the calculation process within ANCON. The aim is to
calculate SEL and Lamax at a given observer point for each specific combination of aircraft
type, flight profile and flight path ("Single Event Calculation™).

Figure B.1 Calculation process within ANCON

Pre- Definition of Noise Accumulation Calculation of Post-
Processing of flight path calculation of flights noise contours Processing :
airport data geometry, for a single data export

speed and
thrust profiles

flight

ANCON (UK Civil Aircraft Noise Contour Model) i s t he UKG6s civil airc
is owned by the Department for Transport (DfT) and developed, maintained and operated
by the CAAb6s Environment al Research and Consu

specialised suite of programmes, written in Fortran, and has been supported technically in-

house for the last three decades and funded by the DfT through a Section 16 Letter of

Agreement which is renewed annually. ANCONO&Gs mat hemati cal mo d e | i
Doc. 29 4 Edition (2016).

ANCON version 2.4 is the current version of the ANCON model. The model is used for the
maj ority of ERCDG6s work for the DfT and its c
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aircraft in the vicinity of an airport and therefore provides the evidence basis which
underpins noise management, policy, airspace and standards setting decisions made by
the CAA, DfT, ECAC (European Civil Aviation Conference) and ICAO (International Civil
Aviation Organization), amongst others.

ANCON basic principles

ANCON version 2 is the mathematical model based on ECAC-CEAC Doc 29. Its primary
objective is to produce noise contours - that is, lines which enclose geographical areas
where particular noise exposure levels are exceeded because of aircraft noise.

The noise exposure levels are generally expressed in terms of Laeq Values. To achieve this
objective the area around an airport is divided into a regular rectangular grid of observation
points and the noise level from the input set of aircraft operations is calculated at each
observation point. This is then converted into contours by interpolating between
observation points.

The input set of aircraft operations can represent either each unique flight in terms of their
flight trajectories or more commonly, a large number of flights of the same aircraft type on
a given flight path can be grouped together and represented as a single flight, whilst
making allowances for normal flight-to-flight variation in aircraft ground track and flight
profile. The flight trajectory is broken down in a vertical (x-z) plane and the flight track over
the ground in the horizontal (x-y) plane. This trajectory data provides, for each individual
aircraft, a chronicle of position, height and speed. Algorithms within ANCON version 2
deduct from this data the likely engine thrust being applied at any stage of the flight. The
model therefore has reliable information on the location, speed and thrust of every
individual aircraft throughout its flight history within the geographical area of interest.

For specialist validation purposes, ANCON version 2 can also read flight data recorder
information consisting of precise position, speed and thrust values for individual flights.
This can be used with noise measurements from noise monitors deployed near the flight
path to assess the effectiveness of the noise calculation algorithms.
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APPENDIX C

Results by airport

Chapter 5 and 6 presented the combined results of eight airports for the baseline years
and forecast years, for both High and Central scenarios. This Appendix presents the
breakdown of the results presented in Chapters 5 and 6 to give visibility of the contribution
from each airport to the results. The totals presented in the tables of this Appendix are for
the eight airports included in the analysis carried out in Chapters 5 and 6: Birmingham
Airport (Birmingham - BHX), Edinburgh Airport (Edinburgh - EDI), Glasgow Airport
(Glasgow - GLA), London Gatwick Airport (Gatwick - LGW), London Heathrow Airport
(Heathrow - LHR), Luton Airport (Luton - LTN), Manchester Airport (Manchester - MAN)
and Stansted Airport (Stansted - STN). The scenario considered here account for
Heathrow Airport expansion from 2030 onwards and is presentational only. If Heathrow
Ai rport was n Gtforeeast foithe dthen ajrportst(dnesented as Total without
LHR) would be different.
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Results by airport

Table C.1 (a): Number of average summer day movements, High Scenario

Scenario: High No. of average summer day movements
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 2016-2050
BHX 316.4 307.6 360.8 410.6 568.9 564.8 -2.8% +83.6%
EDI 333.3 342.1 308.7 334.6 3745 424.2 +2.6% +24.0%
GLA 301.2 275.4 287.2 279.8 288.0 310.4 -8.6% +12.7%
LGW 701.7 770.6 792.5 791.6 815.2 826.6 +9.8% +7.3%
LHR NWR 1,248.0 | 1,266.7 | 1,296.2 | 1,982.5 | 2,008.6 | 2,022.0 +1.5% +59.6%
LTN 288.5 337.9 321.6 311.2 295.8 317.2 +17.1% -6.1%
MAN 638.2 543.5 628.0 652.8 774.5 990.7 -14.8% +82.3%
STN 522.2 451.6 502.8 559.4 530.3 528.4 -13.5% +17.0%
Total 43495 | 4,2953 | 4,497.8 | 53225 | 56559 | 5984.3 -1.2% +39.3%
(with LHR)
Total 3,101.5 | 3,028.6 | 3,201.6 | 3,340.0 | 3,647.2 | 3,962.4 -2.4% +30.8%
(without LHR)
Table C.1 (b): Number of average summer night movements, High Scenario
Scenario: High No. of average summer night movements
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 2016-2050
BHX 31.2 40.2 47.2 53.7 74.4 73.8 +28.7% +83.7%
EDI 27.1 374 33.8 36.6 41.0 46.4 +38.1% +24.0%
GLA n/a n/a n/a n/a n/a n/a n/a n/a
LGW 116.7 127.1 130.7 130.5 134.4 136.3 +8.9% +7.3%
LHR NWR 70.9 844 86.4 132.1 133.9 134.7 +19.1% +59.6%
LTN 52.3 70.1 66.7 64.5 61.4 65.8 +34.1% -6.1%
MAN 76.6 80.6 93.1 96.8 114.9 146.9 +5.2% +82.3%
STN 79.5 82.3 91.6 101.9 96.6 96.3 +3.5% +17.0%
Total 454.3 522.0 549.4 616.2 656.4 700.2 +14.9% +34.1%
(with LHR)
Total 3834 437.6 463.0 484.0 522.6 565.5 +14.1% +29.2%
(without LHR)
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Results by airport

Table C.1 (c): Number of average summer day movements, Central Scenario

Scenario: Central No. of average summer day movements
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 2016-2050
BHX 316.4 307.6 3425 374.2 539.8 572.2 -2.8% +86.0%
EDI 333.3 342.1 304.7 321.7 361.8 398.6 +2.6% +16.5%
GLA 301.2 275.4 276.7 271.2 2749 296.0 -8.6% +7.5%
LGW 701.7 770.6 789.8 776.4 804.5 818.4 +9.8% +6.2%
LHR NWR 1,248.0 1,266.7 | 1,304.3 2,014.1 | 2,012.3 2,023.8 +1.5% +59.8%
LTN 288.5 337.9 320.1 306.8 297.2 297.6 +17.1% -11.9%
MAN 638.2 543.5 608.0 623.0 729.6 915.6 -14.8% +68.5%
STN 522.2 451.6 449.1 543.0 582.0 583.6 -13.5% +29.2%
Total 4,349.5 4,295.3 | 4,395.3 5,230.4 | 5,602.1 5,905.7 -1.2% +37.5%
(with LHR)
Total 3,101.5 3,028.6 | 3,090.0 3,216.4 | 3,589.7 3,881.9 -2.4% +28.2%
(without LHR)
Table C.1 (d): Number of average summer night movements, Central Scenario
Scenario: Central No. of average summer night movements
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 2016-2050
BHX 31.2 40.2 44.8 48.9 70.6 74.8 +28.7% +86.1%
EDI 27.1 374 33.3 35.2 39.6 43.6 +38.1% +16.5%
GLA n/a n/a n/a n/a n/a n/a n/a n/a
LGW 116.7 127.1 130.2 128.0 132.6 134.9 +8.9% +6.2%
LHR NWR 70.9 84.4 86.9 134.2 134.1 134.9 +19.1% +59.8%
LTN 52.3 70.1 66.4 63.6 61.6 61.7 +34.1% -11.9%
MAN 76.6 80.6 90.2 924 108.2 135.8 +5.2% +68.5%
STN 79.5 82.3 58.7 71.0 76.1 76.3 +3.5% -7.3%
Total 454.3 522.0 510.5 573.3 622.8 662.0 +14.9% +26.8%
(with LHR)
Total 3834 437.6 423.6 439.1 488.7 527.1 +14.1% +20.4%
(without LHR)
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Results by airport

Table C.2 (a): Average summer day Quota Count, Scenario High

Scenario: High  QC Average summer day

Airport 2006 2016 2025 2030 2040 2050 % change % change

2006-2016 2016-2050
BHX 139.1 124.3 147.1 148.5 150.1 160.1 -10.7% +28.8%
EDI 107.6 133.4 109.3 107.7 86.0 94.6 +23.9% -29.1%
GLA 104.3 100.1 117.1 102.3 73.4 73.1 -4.1% -27.0%
LGW 447.4 405.5 419.0 385.8 261.8 250.8 -9.4% -38.1%
LHR NWR 1,130.0 979.0 9335 | 1,176.3 903.9 807.0 -13.4% -17.6%
LTN 98.8 125.5 157.6 132.8 83.6 84.5 +27.1% -32.7%
MAN 337.8 292.5 302.6 292.8 249.4 297.0 -13.4% +1.5%
STN 331.7 310.3 266.8 267.8 158.0 155.9 -6.5% -49.8%
Total 2,696.7 | 2,4705 | 2,453.1 | 2,614.0 | 1,966.3 | 1,922.9 -8.4% -22.2%
(with LHR)
Total 1,566.7 | 1,4915 | 15196 | 1,437.8 | 1,0624 | 1,115.9 -4.8% -25.2%
(without LHR)
Table C.2 (b): Average summer night Quota Count, Scenario High

Scenario: High  QC Average summer night
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 2016-2050

BHX 18.1 19.2 191 19.3 19.6 20.9 +5.7% +8.7%
EDI 10.9 18.3 11.3 11.2 9.2 10.2 +68.1% -44.4%
GLA n/a n/a n/a n/a n/a n/a n/a n/a
LGW 62.6 56.6 61.3 56.9 40.1 39.0 -9.6% -31.1%
LHR NWR 90.9 80.3 52.7 67.5 53.8 50.7 -11.7% -36.8%
LTN 23.2 29.0 33.1 27.9 17.5 17.6 +24.8% -39.2%
MAN 40.3 45.8 39.7 38.7 34.4 41.8 +13.8% -8.6%
STN 55.3 50.4 44.7 45.2 27.7 27.4 -8.9% -45.6%
Total 301.3 299.6 261.8 266.6 202.2 207.7 -0.6% -30.7%
(with LHR)
Total 210.4 219.3 209.1 199.2 148.4 156.9 +4.2% -28.4%
(without LHR)
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Results by airport

Table C.2 (c): Average summer day Quota Count, Scenario Central

Scenario: Central

QC Average summer night

Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 2016-2050
BHX 139.1 124.3 138.2 134.2 139.1 147.8 -10.7% +18.9%
EDI 107.6 1334 106.0 102.6 83.4 88.6 +23.9% -33.6%
GLA 104.3 100.1 110.2 97.1 67.4 68.6 -4.1% -31.4%
LGW 447 .4 405.5 407.9 356.7 227.4 223.0 -9.4% -45.0%
LHR NWR 1,130.0 979.0 928.2 1,185.6 890.4 776.9 -13.4% -20.6%
LTN 98.8 125.5 157.2 131.8 85.3 824 +27.1% -34.3%
MAN 337.8 292.5 287.6 277.5 230.2 263.1 -13.4% -10.0%
STN 331.7 310.3 220.6 240.2 157.8 157.8 -6.5% -49.1%
Total 2,696.7 | 2,470.5 | 2,355.9 2,625.7 | 1,881.1 | 1,808.2 -8.4% -26.8%
(with LHR)
Total 1,566.7 | 1,4915 | 1,427.7 1,340.1 990.6 | 1,031.3 -4.8% -30.9%
(without LHR)
Table C.2 (d): Average summer night Quota Count, Scenario Central
Scenario: Central QC Average summer night
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 2016-2050
BHX 18.1 19.2 17.9 17.4 18.1 19.3 +5.7% +0.5%
EDI 10.9 18.3 10.9 10.7 8.9 9.5 +68.1% -47.9%
GLA n/a n/a n/a n/a n/a n/a n/a n/a
LGW 62.6 56.6 59.8 53.0 35.6 35.2 -9.6% -37.8%
LHR NWR 90.9 80.3 52.4 68.0 53.1 48.9 -11.7% -39.1%
LTN 23.2 29.0 33.0 27.7 17.8 17.2 +24.8% -40.7%
MAN 40.3 45.8 37.7 36.7 31.8 375 +13.8% -18.1%
STN 55.3 50.4 37.0 40.5 27.7 27.8 -8.9% -44.9%
Total 301.3 299.6 248.9 254.0 193.0 195.4 -0.6% -34.8%
(with LHR)
Total 210.4 219.3 196.5 186.0 139.9 146.5 +4.2% -33.2%
(without LHR)
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Table C.3 (a): Summary of average summer day 51dB Laeqi6n NOise contour area (High Scenario)

Scenario: High

AREA (km?) results

LAeql6h 51 dB

Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 2016-2050
BHX 51.1 47.9 59.9 61.1 66.6 70.1 -6.3% +46.6%
EDI 50.4 57.4 53.7 52.9 47.9 53.2 +13.8% -7.2%
GLA 57.8 49.3 64.4 57.6 48.9 49.7 -14.7% +0.9%
LGW 135.8 154.5 150.6 143.8 115.1 111.7 +13.7% -27.7%
LHR NWR 3911 329.4 291.2 360.1 314.7 293.3 -15.8% -11.0%
LTN 42.5 60.4 65.2 57.3 41.8 41.8 +42.4% -30.8%
MAN 108.4 97.3 108.4 105.5 100.1 113.5 -10.2% +16.6%
STN 95.3 82.9 102.5 102.3 72.8 71.2 -13.0% -14.1%
Total 932.3 879.0 895.9 940.5 807.7 804.6 -5.7% -8.5%
(with LHR)
Total 541.2 549.6 604.7 580.4 493.0 511.3 +1.6% -7.0%
(without LHR)
Table C.3 (b): Summary of average summer day 54dB Laeqish NOiSe contour area (High Scenario)
Scenario: High AREA (km?) results LAeql16h 54 dB
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 2016-2050
BHX 28.7 27.4 33.1 335 35.2 36.9 -4.7% +34.6%
EDI 28.3 32.2 29.6 29.1 25.5 27.6 +13.8% -14.4%
GLA 30.1 25.2 32.8 29.4 24.0 24.0 -16.0% -4.8%
LGW 80.1 86.5 824 77.9 60.8 59.4 +8.0% -31.3%
LHR NWR 220.6 184.3 166.5 207.6 177.7 165.8 -16.4% -10.0%
LTN 23.2 33.2 36.5 311 21.6 21.8 +43.5% -34.3%
MAN 64.0 55.9 62.2 60.5 58.3 68.0 -12.6% +21.8%
STN 55.5 45.4 54.0 54.2 375 36.9 -18.3% -18.6%
Total 5304 490.2 497.1 523.2 440.6 440.5 -7.6% -10.1%
(with LHR)
Total 309.9 305.8 330.6 315.6 262.9 274.7 -1.3% -10.2%
(without LHR)
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CAP 1731

Results by airport

Table C.3 (c): Summary of average summer night 45dB Laegsh NOise contour area (High Scenario)

Scenario: High AREA (km?) results LAeq8h 45 dB
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 2016-2050
BHX 57.4 59.3 63.8 64.9 70.5 733 +3.3% +23.6%
EDI 39.8 59.5 47.3 46.8 43.7 49.3 +49.6% -17.2%
GLA n/a n/a n/a n/a n/a n/a n/a n/a
LGW 151.7 189.7 179.7 172.3 149.4 147.5 +25.0% -22.2%
LHR NWR 191.0 193.8 163.8 213.2 190.7 183.9 +1.4% -5.1%
LTN 59.9 90.3 95.9 83.7 62.5 61.8 +50.8% -31.6%
MAN 1114 121.5 118.3 115.1 112.5 133.8 +9.1% +10.1%
STN 105.1 105.7 130.0 130.5 97.1 95.4 +0.6% -9.8%
Total 716.2 819.7 798.8 826.5 726.3 745.0 +14.4% -9.1%
(with LHR)
Total 525.2 626.0 635.0 613.3 535.7 561.1 +19.2% -10.4%
(without LHR)
Table C.3 (d): Summary of average summer night 48dB Laeqsh NOiSe contour area (High Scenario)
Scenario: High AREA (km?) results LAeq8h 48 dB
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 2016-2050
BHX 321 31.7 34.7 35.1 374 39.5 -1.3% +24.7%
EDI 215 32.9 25.2 24.9 22.3 24.4 +53.3% -25.8%
GLA n/a n/a n/a n/a n/a n/a n/a n/a
LGW 91.8 107.7 103.6 99.0 83.8 83.0 +17.3% -22.9%
LHR NWR 114.5 115.2 95.2 118.6 104.6 100.9 +0.5% -12.4%
LTN 334 535 574 49.7 34.9 35.2 +60.2% -34.3%
MAN 63.6 70.2 70.7 69.3 68.8 80.2 +10.4% +14.2%
STN 62.7 61.9 75.8 76.5 57.9 57.0 -1.2% -8.0%
Total 419.6 473.0 462.6 473.2 409.7 420.1 +12.7% -11.2%
(with LHR)
Total 305.1 357.9 367.3 354.6 305.2 319.2 +17.3% -10.8%
(without LHR)
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CAP 1731 Results by airport

Table C.3 (e): Summary of average annual 24h 50dB Lden Noise contour area (High Scenario)

Scenario: High AREA (km?) results Lden 50 dB
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 2016-2050
BHX 84.6 87.2 104.3 105.6 114.8 118.9 +3.1% +36.4%
EDI 88.0 101.1 78.1 92.5 87.3 95.5 +14.9% -5.6%
GLA 99.4 81.4 97.6 874 76.0 77.8 -18.1% -4.4%
LGW 233.8 223.4 256.7 242.9 203.5 198.8 -4.4% -11.0%
LHR NWR 636.1 498.1 437.3 537.1 473.9 446.0 -21.7% -10.5%
LTN 82.3 132.1 123.9 107.9 80.2 79.2 +60.6% -40.0%
MAN 167.4 164.9 175.6 170.2 162.3 186.6 -1.5% +13.1%
STN 198.5 166.9 224.8 221.7 148.5 145.4 -15.9% -12.9%
Total 1,590.0 1,455.2 1,498.2 1,565.2 1,346.6 1,348.3 -8.5% -7.3%
(with LHR)
Total 953.9 957.1 1,060.9 1,028.0 872.7 902.3 +0.3% -5.7%
(without LHR)

Table C.3 (f): Summary of average annual 24h 55dB Lgen Noise contour area (High Scenario)

Scenario: High AREA (km?) results Lden 55 dB
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 | 2016-2050
BHX 30.9 311 384 38.8 41.3 43.7 +0.7% +40.7%
EDI 34.1 37.7 32.7 32.2 28.6 31.0 +10.4% -17.8%
GLA 36.3 27.1 324 29.0 24.0 24.3 -25.5% -10.4%
LGW 94.5 104.9 102.1 96.8 80.1 78.9 +11.1% -24.8%
LHR NWR 244.7 198.0 176.3 222.0 192.8 183.0 -19.1% -7.6%
LTN 33.7 47.7 53.4 45.5 314 314 +41.7% -34.1%
MAN 68.2 64.1 67.7 65.8 64.3 75.8 -6.0% +18.2%
STN 73.3 64.4 80.7 80.7 57.7 56.5 -12.1% -12.4%
Total 615.6 575.1 583.7 610.8 520.3 524.5 -6.6% -8.8%
(with LHR)
Total 371.0 377.0 407.4 388.8 327.4 3415 +1.6% -9.4%
(without LHR)
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CAP 1731

Results by airport

Table C.3 (g): Summary of average annual 8h night 45dB Lnight Noise contour area (High Scenario)

Scenario: High AREA (km?) results Lnight 45 dB
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 | 2016-2050
BHX 39.5 43.3 47.8 48.1 50.9 53.2 +9.6% +22.9%
EDI 37.5 48.2 38.7 38.2 34.0 36.8 +28.5% -23.6%
GLA 49.3 295 30.0 26.9 22.4 22.6 -40.2% -23.4%
LGW 118.9 132.2 128.6 122.7 105.1 103.8 +11.2% -21.5%
LHR NWR 198.5 174.8 154.7 198.6 179.1 174.6 -11.9% -0.1%
LTN 44.4 72.4 77.0 67.4 48.9 48.8 +63.1% -32.6%
MAN 81.6 90.6 87.3 84.0 83.5 98.5 +10.9% +8.8%
STN 99.6 89.9 113.5 113.5 85.3 83.5 -9.7% -7.1%
Total 669.3 680.9 677.6 699.4 609.1 621.9 +1.7% -8.7%
(with LHR)
Total 470.8 506.1 522.9 500.8 430.0 447.3 +7.5% -11.6%
(without LHR)

Table C.3 (h): Summary of average annual 8h night 50dB Lnight Noise contour area (High Scenario)

Scenario: High AREA (km?) results Lnight 50 dB
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 2016-2050

BHX 15.1 16.3 18.6 18.7 18.7 19.3 +8.0% +18.7%
EDI 13.9 18.8 14.2 13.9 12.1 13.2 +35.2% -29.6%
GLA 17.6 10.1 10.4 9.4 7.6 7.9 -43.0% -21.9%
LGW 48.3 44.9 43.5 41.1 33.6 331 -7.0% -26.3%
LHR NWR 84.4 74.0 59.1 78.6 70.4 69.3 -12.4% -6.3%
LTN 16.4 26.1 28.3 24.0 16.6 16.8 +59.1% -35.4%
MAN 32.8 329 30.4 29.5 28.7 34.8 +0.4% +5.8%
STN 39.5 33.6 41.1 41.1 29.1 28.8 -14.8% -14.6%
Total 268.0 256.7 245.6 256.4 216.9 223.2 -4.2% -13.0%
(with LHR)
Total 183.6 182.7 186.5 177.8 146.4 153.9 -0.5% -15.7%
(without LHR)
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CAP 1731

Results by airport

Table C.4 (a): Summary of average summer day 51dB Laeqisn population exposure (High Scenario)

Scenario: High

Population Exposed

LAeql6h 51 dB

Airport 2006 2016 2025 2030 2040 2050 % change | % change
2006-2016 | 2016-2050
BHX 90,200 87,400 114,600 119,500 132,500 142,200 -3.1% +62.7%
EDI 19,800 34,000 30,400 30,100 22,000 24,800 +71.6% -27.0%
GLA 76,700 74,100 86,700 81,500 72,300 72,600 -3.4% -2.0%
LGW 24,500 27,300 29,100 27,200 18,200 17,500 +11.4% -36.0%
LHR NWR 1,167,800 | 1,146,000 | 1,131,900 | 1,150,400 | 1,065,000 | 1,047,800 -1.9% -8.6%
LTN 12,300 42,400 51,500 43,600 29,000 31,300 +244.3% -26.2%
MAN 142,800 137,000 162,000 166,500 176,500 205,100 -4.1% +49.8%
STN 16,300 12,600 16,300 17,500 11,800 11,500 -22.7% -9.2%
Total 1,550,500 | 1,560,800 | 1,622,600 @ 1,636,200 | 1,527,300 | 1,552,800 +0.7% -0.5%
(with LHR)
Total 382,700 414,800 490,700 485,800 462,300 505,000 +8.4% +21.7%
(without LHR)
Table C.4 (b): Summary of average summer day 54dB Laeqi6h population exposure (High Scenario)
Scenario: High Population Exposed LAeql6h 54 dB
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 | 2016-2050

BHX 45,700 48,100 59,500 60,700 62,600 66,500 +5.1% +38.2%
EDI 7,500 9,800 8,300 8,500 7,200 7,800 +31.4% -20.8%
GLA 46,400 39,400 53,900 47,900 36,700 36,700 -15.0% -6.9%
LGW 10,400 11,100 12,600 12,000 8,100 8,400 +6.9% -24.4%
LHR NWR 628,800 588,900 561,400 609,300 539,900 530,100 -6.3% -10.0%
LTN 5,200 13,000 15,100 14,000 10,200 10,400 +151.3% -20.3%
MAN 74,900 66,200 85,400 86,800 100,700 130,700 -11.6% +97.4%
STN 6,600 5,700 6,500 6,900 5,500 5,500 -13.5% -4.6%
Total 825,400 782,300 802,700 846,000 771,000 796,000 -5.2% +1.8%
(with LHR)
Total 196,700 193,400 241,300 236,700 231,200 265,900 -1.7% +37.5%
(without LHR)
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CAP 1731

Results by airport

Table C.4 (c): Summary of average summer night 45dB Laegsh population exposure (High Scenario)

Scenario: High Population Exposed LAeq8h 45 dB
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 | 2016-2050
BHX 95,900 100,600 116,600 120,400 124,100 129,200 +4.9% +28.4%
EDI 12,500 24,600 20,500 19,900 14,800 17,100 +96.2% -30.4%
GLA n/a n/a n/a n/a n/a n/a n/a n/a
LGW 26,200 34,600 34,800 33,300 25,400 24,800 +32.2% -28.4%
LHR NWR 663,500 811,800 752,100 793,700 744,900 757,800 +22.3% -6.7%
LTN 30,200 71,100 80,800 71,100 55,500 56,100 +135.2% -21.2%
MAN 171,300 185,900 195,700 200,800 218,400 256,400 +8.5% +37.9%
STN 17,000 14,600 21,800 22,600 13,900 13,600 -14.3% -6.3%
Total 1,016,600 | 1,243,200 | 1,222,300 | 1,261,900 | 1,197,000 | 1,255,000 +22.3% +1.0%
(with LHR)
Total 353,100 431,400 470,200 468,100 452,000 497,200 +22.2% +15.3%
(without LHR)
Table C.4 (d): Summary of average summer night 48dB Laeqsh population exposure (High Scenario)
Scenario: High Population Exposed LAeq8h 48 dB
Airport 2006 2016 2025 2030 2040 2050 % change | % change
2006-2016 | 2016-2050
BHX 55,000 56,800 63,400 | 64,200 64,400 65,900 +3.4% +16.0%
EDI 3,900 7,100 6,500 7,000 6,000 7,000 +82.8% -1.5%
GLA n/a n/a n/a n/a n/a n/a n/a n/a
LGW 10,800 14,300 15,300 | 14,800 11,500 11,400 +32.2% -19.8%
LHR NWR 340,000 417,500 343,300 | 331,300 307,100 317,100 +22.8% -24.1%
LTN 8,800 35,200 42,100 | 33,800 17,000 20,300 +298.1% -42.5%
MAN 96,000 117,800 125,400 | 128,900 144,300 174,900 +22.7% +48.4%
STN 7,300 6,800 9,100 9,600 7,600 7,500 -7.1% +11.6%
Total 521,700 655,500 605,300 | 589,600 | 557,800 | 604,100 +25.6% -7.8%
(with LHR)
Total 181,700 237,900 | 262,000 | 258,300 | 250,800 | 287,000 +30.9% +20.6%
(without LHR)
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CAP 1731 Results by airport

Table C.4 (e): Summary of average annual 24h 50dB Lden population exposure (High Scenario)

Scenario: High Population Exposed Lden 50 dB
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 | 2016-2050
BHX 142,800 153,500 196,900 205,100 231,800 241,400 +7.5% +57.3%
EDI 48,100 51,500 35,100 48,000 42,000 45,300 +7.1% -12.1%
GLA 104,600 100,600 111,200 106,700 95,800 95,800 -3.8% -4.8%
LGW 50,400 45,600 60,800 56,300 37,500 36,800 -9.4% -19.4%
LHR NWR 1,980,500 | 1,761,000 | 1,786,900 | 2,086,100 | 1,896,200 K 1,909,000 -11.1% +8.4%
LTN 45,600 93,500 102,200 92,800 73,200 73,600 +105.1% -21.3%
MAN 222,000 234,000 249,700 251,300 262,700 312,600 +5.4% +33.6%
STN 36,000 34,800 45,000 47,200 29,000 28,800 -3.5% -17.1%
Total 2,629,900 | 2,474,500 | 2,587,700 | 2,893,500 | 2,668,100 | 2,743,200 -5.9% +10.9%
(with LHR)
Total 649,400 713,500 800,800 807,500 771,900 834,200 +9.9% +16.9%
(without LHR)

Table C.4 (f): Summary of average annual 24h 55dB Lgen population exposure (High Scenario)

Scenario: High Population Exposed  Lden 55 dB
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 2016-2050

BHX 48,400 | 52,700 68,800 70,000 76,200 80,800 +8.8% +53.4%
EDI 11,800 | 15,500 11,900 11,600 10,200 12,000 +31.9% -22.6%
GLA 56,800 | 44,000 53,200 47,600 36,800 37,500 -22.5% -14.9%
LGW 12,600 | 13,800 15,800 15,200 10,800 10,600 +9.9% -23.0%
LHR NWR 756,100 | 689,400 652,600 709,100 | 637,400 | 633,900 -8.8% -8.0%
LTN 8,900 24,400 34,600 25,000 14,800 14,900 +172.8% -39.1%
MAN 93,000 | 101,600 114,000 115,500 126,400 155,100 +9.3% +52.7%
STN 9,800 8,700 12,400 13,200 8,300 8,500 -11.1% -1.7%
Total 997,300 | 950,000 963,400 | 1,007,200 | 920,700 | 953,200 -4.7% +0.3%
(with LHR)
Total 241,200 | 260,600 310,800 298,100 | 283,400 | 319,300 +8.1% +22.5%
(without LHR)
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CAP 1731

Results by airport

Table C.4 (g): Summary of average annual 8h night 45dB Lnight population exposure (High Scenario)

Scenario: High Population Exposed Lnight 45 dB
Airport 2006 2016 2025 2030 2040 2050 % change | % change
2006-2016 | 2016-2050
BHX 62,700 80,000 93,400 95,400 98,000 102,800 +27.5% +28.6%
EDI 15,800 26,100 17,800 17,700 14,100 17,000 +65.3% -35.0%
GLA 70,200 48,800 48,800 42,600 33,000 33,800 -30.5% -30.7%
LGW 16,300 19,400 20,600 19,700 15,000 14,400 +18.6% -25.5%
LHR NWR 703,600 725,800 680,400 711,100 678,400 690,700 +3.2% -4.8%
LTN 14,900 54,600 60,100 50,700 34,200 36,300 +267.0% -33.6%
MAN 130,300 147,900 152,000 153,400 165,200 192,200 +13.5% +30.0%
STN 15,300 14,500 20,500 21,700 14,000 13,900 -5.7% -4.3%
Total 1,029,100 | 1,117,000 | 1,093,700 | 1,112,300 | 1,051,900 | 1,101,000 +8.5% -1.4%
(with LHR)
Total 325,500 391,200 413,200 401,200 373,500 410,300 +20.2% +4.9%
(without LHR)

Table C.4 (h): Summary of average annual 8h night 50dB Lnight population exposure (High Scenario)

Scenario: High Population Exposed  Lnight 50 dB
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 2016-2050

BHX 20,700 26,300 29,800 30,600 31,100 | 33,600 +26.9% +27.5%
EDI 2,900 4,600 3,900 4,100 4,100 4,300 +57.7% -6.7%
GLA 21,100 7,700 7,800 5,900 4,200 5,200 -63.4% -32.1%
LGW 5,000 5,200 4,700 4,800 4,500 4,700 +5.4% -10.5%
LHR NWR 207,200 | 221,200 185,000 | 208,100 | 201,000 | 208,500 +6.7% -5.7%
LTN 2,600 10,400 12,100 11,500 7,800 8,000 +296.3% -23.0%
MAN 40,900 44,100 39,700 39,700 42,900 60,600 +7.9% +37.3%
STN 4,100 4,000 5,100 5,400 4,200 4,300 -2.7% +8.3%
Total 304,600 | 323,600 288,100 | 310,100 | 299,900 | 329,300 +6.2% +1.7%
(with LHR)
Total 97,400 | 102,500 103,100 | 102,000 98,900 | 120,800 +5.2% +17.9%
(without LHR)
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CAP 1731 Results by airport

Table C.4 (i): Summaryofaver age summer night N60, (QBighsSvenand)s popul at

Scenario: High Population Exposed N60, Gb events
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 | 2016-2050
BHX 166,100 229,000 245,000 259,800 281,600 294,700 +37.9% +28.7%
EDI 58,000 71,100 63,200 64,300 59,900 61,100 +22.6% -14.1%
GLA n/a n/a n/a n/a n/a n/a n/a n/a
LGW 55,000 93,800 73,400 74,200 62,900 64,300 +70.7% -31.5%
LHR NWR 1,078,700 | 1,325,100 | 1,289,300 | 1,456,100 | 1,348,400 | 1,331,600 +22.8% +0.5%
LTN 97,800 127,100 142,800 129,000 111,400 114,400 +29.9% -10.0%
MAN 299,200 269,200 280,100 288,200 324,800 430,100 -10.0% +59.8%
STN 45,900 40,100 46,100 47,300 38,300 38,800 -12.6% -3.4%
;I’Vf,)ittzl LHR) 1,800,700 | 2,155,400 | 2,139,800 | 2,318,800 | 2,227,300 | 2,335,000 +19.7% +8.3%
Total
(without LHR) 722,100 830,300 850,500 862,700 879,000 | 1,003,400 +15.0% +20.8%

Table C.4 (): Summaryofaver age summer ni ght NGdposu@{High 8cenario)t s popul

Scenario: High Population Exposed  N60, QL0 events
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 | 2016-2050
BHX 79,600 140,600 146,000 153,900 178,900 181,100 +76.7% +28.7%
EDI 37,800 48,300 41,800 44,400 43,700 46,000 +28.1% -4.8%
GLA n/a n/a n/a n/a n/a n/a n/a n/a
LGW 27,500 38,200 45,900 40,700 34,100 36,600 +38.9% -4.1%
LHR NWR 791,400 928,200 892,700 | 1,054,200 995,300 | 1,014,600 +17.3% +9.3%
LTN 50,700 99,900 104,800 96,900 86,200 87,300 +97.2% -12.6%
MAN 206,300 191,700 195,700 201,100 219,800 256,800 -7.1% +34.0%
STN 22,700 26,400 30,200 31,400 23,000 22,800 +16.3% -13.6%
(val)itt?]I LHR) 1,215,900 | 1,473,400 | 1,457,100 | 1,622,500 | 1,580,900 | 1,645,200 +21.2% +11.7%
Total
(without LHR) 79,600 140,600 146,000 153,900 178,900 181,100 +76.7% +28.7%
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CAP 1731 Results by airport

Table C.4 (k): Summaryofaver age summer night N65, OfHigh®Scenariot s popul

Scenario: High Population Exposed N65, G10 events
Airport 2006 2016 2025 2030 2040 2050 % change | % change
2006-2016 | 2016-2050
BHX 225,600 197,400 225,100 229,700 229,200 237,200 -12.5% +20.1%
EDI 61,000 69,800 66,400 65,100 57,100 56,700 +14.4% -18.7%
GLA 116,200 119,000 129,600 126,000 116,200 115,000 +2.4% -3.4%
LGW 39,300 30,200 33,300 36,700 22,600 22,600 -23.2% -25.2%
LHR NWR 1,599,300 | 1,271,700 1,357,600 | 1,390,600 | 1,219,500 | 1,173,800 -20.5% -71.7%
LTN 72,700 78,000 85,100 78,700 73,600 74,500 +7.3% -4.5%
MAN 303,200 173,800 192,100 185,400 205,600 253,500 -42.7% +45.8%
STN 32,300 25,100 34,900 32,900 22,100 21,700 -22.3% -13.4%
;I’Vf,)ittzl LHR) 2,449,500 | 1,965,000 2,124,000 | 2,145,000 | 1,946,000 | 1,955,000 -19.8% -0.5%
Total
(without LHR) 850,300 693,300 766,400 754,400 726,400 781,200 -18.5% +12.7%

Table C.4 (I): Summaryofaver age summer day N70, O5 HghScenari®) popul at i

Scenario: High Population Exposed N70, b events
Airport 2006 2016 2025 2030 2040 2050 % change | % change
2006-2016 | 2016-2050
BHX 146,700 114,600 109,200 106,900 96,500 103,600 -21.8% -9.6%
EDI 32,600 35,600 36,000 34,100 28,200 26,400 +9.2% -26.0%
GLA 87,600 88,000 96,900 93,100 81,100 79,000 +0.5% -10.3%
LGW 20,500 10,400 13,100 13,500 10,500 10,000 -49.2% -3.7%
LHR NWR 917,000 680,800 719,800 615,800 528,900 462,100 -25.8% -32.1%
LTN 20,100 21,200 25,500 23,900 21,700 21,700 +5.5% +2.4%
MAN 145,800 102,500 105,300 98,300 84,200 104,500 -29.7% +1.9%
STN 9,100 8,600 10,400 10,600 9,900 10,000 -4.9% +15.9%
(Tvsittzl LHR) 1,379,300 | 1,061,800 1,116,100 996,300 861,000 817,300 -23.0% -23.0%
Total
(without LHR) 462,300 381,000 396,300 380,500 332,100 355,200 -17.6% -6.8%
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CAP 1731 Results by airport

Table C.4 (m): Summaryofaver age summer day N70, O1O0(Highseenatid popul at

Scenario: High Population Exposed N70, 10 events
Airport 2006 2016 2025 2030 2040 2050 % change | % change
2006-2016 | 2016-2050
BHX 104,300 94,200 87,900 86,600 76,400 72,600 -9.7% -23.0%
EDI 26,500 27,800 28,100 25,300 19,200 19,400 +5.2% -30.4%
GLA 72,700 72,700 82,100 78,000 68,600 67,400 +0.1% -7.3%
LGW 14,200 7,500 10,800 11,700 9,400 9,400 -46.9% +24.8%
LHR NWR 632,300 538,200 567,800 493,800 409,700 383,400 -14.9% -28.8%
LTN 12,700 19,900 23,500 21,300 19,400 20,100 +57.3% +0.9%
MAN 105,000 70,600 71,700 69,500 66,600 80,200 -32.8% +13.6%
STN 7,000 7,800 8,200 8,300 6,200 6,100 +11.6% -21.1%
Total 974,600 838,700 880,100 794,400 675,500 658,500 -13.9% -21.5%
(with LHR)
Total 342,300 300,600 312,300 300,600 265,800 275,100 -12.2% -8.5%
(without LHR)
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CAP 1731 Results by airport

Table C.5 (a): Summary of average summer day 51dB Laegi6h NOiSe contour area (Central Scenario)

Scenario: Central AREA (km?) results LAeql6h 51 dB
Airport 2006 2016 2025 2030 2040 2050 % change | % change
2006-2016 | 2016-2050
BHX 51.1 47.9 57.5 55.8 62.3 65.9 -6.3% +37.7%
EDI 50.4 57.4 52.5 50.8 46.3 49.7 +13.8% -13.3%
GLA 57.8 49.3 61.3 55.3 45.8 47.4 -14.7% -3.8%
LGW 135.8 154.5 146.4 133.0 105.6 104.0 +13.7% -32.6%
LHR NWR 391.1 3294 290.6 363.2 311.8 286.4 -15.8% -13.1%
LTN 42.5 60.4 65.1 56.9 42.2 40.5 +42.4% -32.9%
MAN 108.4 97.3 105.1 101.9 95.3 104.4 -10.2% +7.2%
STN 95.3 82.9 86.5 93.3 72.8 72.0 -13.0% -13.1%
Total 932.3 879.0 865.2 910.2 782.1 770.4 -5.7% -12.4%
(with LHR)
Total 541.2 549.6 574.5 546.9 470.3 484.0 +1.6% -11.9%
(without LHR)

Table C.5 (b): Summary of average summer day 54dB Laeqi6h NOiSe contour area (Central Scenario)

Scenario: Central AREA (km?) results LAeql6h 54 dB
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 2016-2050
BHX 28.7 274 31.8 30.9 33.0 34.8 -4.7% +26.8%
EDI 28.3 32.2 29.0 28.1 24.8 26.2 +13.8% -18.8%
GLA 30.1 25.2 31.3 28.2 22.7 23.0 -16.0% -9.0%
LGW 80.1 86.5 79.8 71.1 54.7 54.3 +8.0% -37.2%
LHR NWR 220.6 184.3 166.2 209.6 175.8 161.2 -16.4% -12.6%
LTN 23.2 33.2 36.5 30.9 21.8 21.1 +43.5% -36.5%
MAN 64.0 55.9 59.9 59.5 56.1 63.5 -12.6% +13.6%
STN 55.5 454 45.1 48.8 37.5 374 -18.3% -17.6%
Total 530.4 490.2 479.5 507.2 426.4 421.3 -7.6% -14.0%
(with LHR)
Total 309.9 305.8 313.3 297.6 250.6 260.1 -1.3% -14.9%
(without LHR)
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CAP 1731

Results by airport

Table C.5 (c): Summary of average summer night 45dB Laegsh Noise contour area (Central Scenario)

Scenario: Central AREA (km?) results LAeqg8h 45 dB
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 | 2016-2050
BHX 57.4 59.3 61.3 59.6 66.3 69.4 +3.3% +17.0%
EDI 39.8 59.5 46.2 44.8 42.1 45.9 +49.6% -22.9%
GLA n/a n/a n/a n/a n/a n/a n/a n/a
LGW 151.7 189.7 179.7 160.4 138.0 138.4 +25.0% -27.0%
LHR NWR 191.0 193.8 163.7 215.1 189.2 180.2 +1.4% -7.0%
LTN 59.9 90.3 95.6 83.0 63.0 60.1 +50.8% -33.5%
MAN 111.4 121.5 114.0 110.3 106.7 120.1 +9.1% -1.2%
STN 105.1 105.7 110.9 119.3 97.1 96.4 +0.6% -8.8%
(T\,Sittﬁl LHR) 716.2 819.7 771.3 792.5 702.4 710.4 +14.4% -13.3%
Total
(without LHR) 525.2 626.0 607.7 577.4 513.2 530.2 +19.2% -15.3%

Table C.5 (d): Summary of average summer night 48dB Laeqgsh Noise contour area (Central Scenario)

Scenario: Central AREA (km?) results LAeq8h 48 dB
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 2016-2050
BHX 321 31.7 334 324 35.0 37.1 -1.3% +17.2%
EDI 215 32.9 24.6 23.9 21.7 23.1 +53.3% -29.9%
GLA n/a n/a n/a n/a n/a n/a n/a n/a
LGW 91.8 107.7 103.6 92.9 78.1 78.2 +17.3% -27.3%
LHR NWR 114.5 115.2 95.1 119.7 103.6 98.4 +0.5% -14.5%
LTN 334 53.5 57.3 49.3 35.3 34.0 +60.2% -36.5%
MAN 63.6 70.2 68.4 67.7 65.8 73.6 +10.4% +4.8%
STN 62.7 61.9 64.6 70.3 57.9 57.6 -1.2% -6.9%
Total 419.6 473.0 447.0 456.2 397.3 402.1
(with LHR) +12.7% -15.0%
Total 305.1 357.9 351.9 336.5 293.7 303.6
(without LHR) +17.3% -15.2%
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CAP 1731 Results by airport

Table C.5 (e): Summary of average annual 24h 50dB Lden Noise contour area (Central Scenario)

Scenario: Central AREA (km?) results Lden 50 dB
Airport 2006 2016 2025 2030 2040 2050 | % change % change
2006-2016 2016-2050
BHX 84.6 87.2 100.4 97.3 108.3 112.8 +3.1% +29.4%
EDI 88.0 101.1 91.0 88.0 84.5 90.5 +14.9% -10.6%
GLA 99.4 81.4 92.9 83.9 71.5 74.3 -18.1% -8.7%
LGW 233.8 223.4 249.2 225.7 188.4 186.6 -4.4% -16.5%
LHR NWR 636.1 498.1 436.7 542.1 470.1 436.6 -21.7% -12.3%
LTN 82.3 132.1 123.5 106.9 80.8 77.2 +60.6% -41.6%
MAN 167.4 164.9 170.3 162.5 152.5 170.7 -1.5% +3.5%
STN 198.5 166.9 182.2 197.6 148.5 146.9 -15.9% -12.0%
Total 1,590.0 1,455.2 1,446.1 1,504.1 1,304.5 1,295.6 -8.5% -11.0%
(with LHR)
Total 953.9 957.1 1,009.5 962.0 834.4 859.0 +0.3% -10.2%
(without LHR)

Table C.5 (f): Summary of average annual 24h 55dB Lden NoOise contour area (Central Scenario)

Scenario: Central AREA (km?) results Lden 55 dB
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 2016-2050
BHX 30.9 311 36.9 35.8 38.7 41.0 +0.7% +31.8%
EDI 34.1 37.7 32.0 31.1 27.9 29.4 +10.4% -21.9%
GLA 36.3 27.1 30.8 27.9 22.6 23.2 -25.5% -14.5%
LGW 94.5 104.9 99.6 90.3 73.9 73.6 +11.1% -29.9%
LHR NWR 244.7 198.0 176.0 224.2 190.8 177.8 -19.1% -10.2%
LTN 33.7 47.7 53.3 45.1 31.7 304 +41.7% -36.2%
MAN 68.2 64.1 65.1 64.0 61.4 69.7 -6.0% +8.7%
STN 73.3 64.4 67.6 73.2 57.6 57.2 -12.1% -11.1%
Total 615.6 575.1 561.5 5915 504.6 502.3 -6.6% -12.7%
(with LHR)
Total 371.0 377.0 3855 367.3 313.8 3245 +1.6% -13.9%
(without LHR)
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CAP 1731 Results by airport

Table C.5 (g): Summary of average annual 8h night 45dB Lnight Noise contour area (Central Scenario)

Scenario: Central AREA (km?) results Lnight 45 dB
Airport 2006 2016 2025 2030 2040 2050 | % change | % change
2006-2016 | 2016-2050
BHX 39.5 43.3 45.8 44.3 47.5 49.9 +9.6% +15.2%
EDI 375 48.2 38.0 36.8 33.1 34.9 +28.5% -27.6%
GLA 49.3 29.5 28.6 25.8 21.1 21.6 -40.2% -26.7%
LGW 118.9 132.2 125.6 115.2 97.7 97.8 +11.2% -26.0%
LHR NWR 198.5 174.8 154.6 200.5 177.7 170.8 -11.9% -2.3%
LTN 44.4 72.4 76.9 66.9 49.4 47.3 +63.1% -34.7%
MAN 81.6 90.6 83.6 80.4 78.0 89.7 +10.9% -1.0%
STN 99.6 89.9 97.3 104.2 85.2 84.5 -9.7% -6.0%
Total 669.3 680.9 650.4 674.1 589.9 596.4 +1.7% -12.4%
(with LHR)
Total 470.8 506.1 495.8 473.6 412.2 425.6 +7.5% -15.9%
(without LHR)

Table C.5 (h): Summary of average annual 8h night 50dB Lnight noise contour area (Central Scenario)

Scenario: Central AREA (km?) results Lnight 50 dB
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 | 2016-2050
BHX 15.1 16.3 17.8 17.2 17.6 18.3 +8.0% +12.2%
EDI 13.9 18.8 13.9 134 11.7 125 +35.2% -33.4%
GLA 17.6 10.1 9.9 9.0 7.2 7.5 -43.0% -25.7%
LGW 48.3 44.9 42.4 38.3 30.6 30.6 -7.0% -32.0%
LHR NWR 84.4 74.0 59.0 79.2 69.8 67.7 -12.4% -8.5%
LTN 16.4 26.1 28.3 23.8 16.8 16.3 +59.1% -37.4%
MAN 32.8 32.9 29.2 29.8 27.9 31.9 +0.4% -3.0%
STN 39.5 33.6 34.1 37.1 29.1 29.1 -14.8% -13.5%
Total 268.0 256.7 2347 247.8 210.7 213.9 -4.2% -16.7%
(with LHR)
Total 183.6 182.7 175.7 168.6 140.9 146.1 -0.5% -20.0%
(without LHR)
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CAP 1731

Results by airport

Table C.6 (a): Summary of average summer day 51dB Laeqisn population exposure (Central Scenario)

Scenario: Central

Population Exposed

LAeq16h 51 dB

Airport 2006 2016 2025 2030 2040 2050 % change | % change
2006-2016 | 2016-2050
BHX 90,200 87,400 110,000 109,300 123,100 133,000 -3.1% +52.2%
EDI 19,800 34,000 29,700 28,500 21,100 22,800 +71.7% -32.9%
GLA 76,700 74,100 83,900 79,900 69,200 70,200 -3.4% -5.3%
LGW 24,500 27,300 28,600 25,600 15,900 15,700 +11.4% -42.5%
LHR NWR 1,167,800 | 1,146,000 | 1,132,800 | 1,164,400 | 1,057,800 | 1,027,600 -1.9% -10.3%
LTN 12,300 42,400 51,500 43,300 29,400 28,700 +244.7% -32.3%
MAN 142,800 137,000 157,900 161,500 172,000 198,700 -4.1% +45.0%
STN 16,300 12,600 12,500 15,200 11,800 11,700 -22.7% -7.1%
Total 1,550,500 | 1,560,800 | 1,606,900 | 1,627,800 | 1,500,400 | 1,508,400 +0.7% -3.4%
(with LHR)
Total 382,700 414,800 474,200 463,400 442,600 480,800 +8.4% +15.9%

(without LHR)

Table C.6 (b): Summary of average summer day 54dB Laeqi6h population exposure (Central Scenario)

Scenario: Central

Population Exposed

LAeql6h 54 dB

Airport 2006 2016 2025 2030 2040 2050 % change | % change
2006-2016 | 2016-2050

BHX 45,700 48,100 | 57,500 | 56,400 | 59,000 | 62,800 +5.3% +30.6%
EDI 7,500 9,800 8,000 7,300 7,200 7,600 +30.7% -22.4%
GLA 46,400 39,400 | 51,100 | 45600 | 33,600 | 34,500 -15.1% -12.4%
LGW 10,400 11,100 | 11,800 | 10,300 7,200 7,300 +6.7% -34.2%
LHR NWR 628,800 588,900 | 560,600 | 618,400 532,400 | 509,800 -6.3% -13.4%
LTN 5,200 13,000 | 15,000 | 14,000 | 10,400 | 10,100 | +150.0% -22.3%
MAN 74,900 66,200 | 82,000 | 77,000 | 88,000 | 119,400 -11.6% +80.4%
STN 6,600 5,700 5,700 6,500 5,500 5,500 -13.6% -3.5%
Total 825,400 782,300 | 791,600 | 835,400 | 743,400 | 757,000 -5.2% -3.2%
(with LHR)

Total 196,700 193,400 | 231,100 | 217,000 | 211,000 | 247,200 1.7% +27.8%

(without LHR)
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CAP 1731

Results by airport

Table C.6 (c): Summary of average summer night 45dB Laegsh population exposure (Central Scenario)

Scenario: Central Population Exposed LAeq8h 45 dB
Airport 2006 2016 2025 2030 2040 2050 % change | % change
2006-2016 | 2016-2050
BHX 95,900 100,600 112,100 110,800 117,800 123,000 +4.9% +22.3%
EDI 12,500 24,600 19,300 18,500 14,200 15,500 +96.8% -37.0%
GLA n/a n/a n/a n/a n/a n/a n/a n/a
LGW 26,200 34,600 34,800 30,900 22,200 22,500 +32.1% -35.0%
LHR NWR 663,500 811,800 752,900 806,200 740,000 741,500 +22.4% -8.7%
LTN 30,200 71,100 80,800 70,700 55,700 54,400 +135.4% -23.5%
MAN 171,300 185,900 191,700 199,000 212,300 246,400 +8.5% +32.5%
STN 17,000 14,600 17,800 20,000 13,900 14,000 -14.1% -4.1%
Total 1,016,600 | 1,243,200 | 1,209,300 | 1,256,200 | 1,176,000 | 1,217,300 +22.3% -2.1%
(with LHR)
Total 353,100 431,400 456,400 449,900 436,000 475,800 +22.2% +10.3%
(without LHR)

Table C.6 (d): Summary

of average summer night 48dB Laegsh population exposure (Central Scenario)

Scenario: Central Population Exposed LAeq8h 48 dB
Airport 2006 2016 2025 2030 2040 2050 % change | % change
2006-2016 | 2016-2050
BHX 55,000 56,800 60,700 59,900 60,700 62,400 +3.3% +9.9%
EDI 3,900 7,100 6,400 6,600 5,800 6,600 +82.1% -7.0%
GLA n/a n/a n/a n/a n/a n/a n/a n/a
LGW 10,800 14,300 15,300 13,400 10,700 10,900 +32.4% -23.8%
LHR NWR 340,000 417,500 343,500 335,100 | 303,200 | 306,800 +22.8% -26.5%
LTN 8,800 35,200 42,100 33,200 17,500 18,400 +300.0% -A47.7%
MAN 96,000 117,800 121,100 124,000 136,200 163,200 +22.7% +38.5%
STN 7,300 6,800 7,800 8,900 7,600 7,500 -6.8% +10.3%
Total 521,700 655,500 597,000 581,000 | 541,800 | 576,000 +25.6% -12.1%
(with LHR)
Total 181,700 237,900 253,500 245,900 | 238,600 | 269,100 +30.9% +13.1%
(without LHR)
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CAP 1731 Results by airport

Table C.6 (e): Summary of average annual 24h 50dB Lden population exposure (Central Scenario)

Scenario: Central Population Exposed Lden 50 dB
Airport 2006 2016 2025 2030 2040 2050 % change | % change
2006-2016 | 2016-2050
BHX 142,800 153,500 189,700 190,900 220,300 234,000 +7.5% +52.4%
EDI 48,100 51,500 48,600 48,100 43,200 44,500 +7.1% -13.6%
GLA 104,600 100,600 108,000 104,800 92,000 92,600 -3.8% -8.0%
LGW 50,400 45,600 59,300 53,000 34,600 34,000 -9.5% -25.4%
LHR NWR 1,980,500 | 1,761,000 | 1,787,800 | 2,115,200 | 1,876,900 | 1,851,400 -11.1% +5.1%
LTN 45,600 93,500 101,900 91,600 73,900 71,900 +105.0% -23.1%
MAN 222,000 234,000 242,500 244,200 252,500 292,800 +5.4% +25.1%
STN 36,000 34,800 35,900 42,100 29,000 29,100 -3.3% -16.4%
Total 2,629,900 | 2,474,500 | 2,573,700 | 2,889,900 | 2,622,400 | 2,650,300 -5.9% +7.1%
(with LHR)
Total 649,400 713,500 785,900 774,700 745,600 798,900 +9.9% +12.0%
(without LHR)
Table C.6 (f): Summary of average annual 24h 55dB Lden population exposure (Central Scenario)
Scenario: Central Population Exposed  Lden 55 dB
Airport 2006 2016 2025 2030 2040 2050 % change | % change
2006-2016 | 2016-2050

BHX 48,400 52,700 65,800 64,100 71,000 76,800 +8.9% +45.7%
EDI 11,800 15,500 11,300 10,900 9,700 10,900 +31.4% -29.7%
GLA 56,800 44,000 50,400 45,400 33,800 35,000 -22.5% -20.5%
LGW 12,600 13,800 15,100 13,600 10,200 10,200 +9.5% -26.1%
LHR NWR 756,100 689,400 653,000 718,700 | 628,500 | 610,300 -8.8% -11.5%
LTN 8,900 24,400 34,500 24,300 14,900 14,700 +174.2% -39.8%
MAN 93,000 101,600 109,000 105,100 114,700 143,300 +9.2% +41.0%
STN 9,800 8,700 9,000 10,800 8,300 8,600 -11.2% -1.1%
Total 997,300 950,000 948,100 992,800 | 890,900 | 909,700 -4.7% -4.2%
(with LHR)
Total 241,200 260,600 295,100 274,100 | 262,400 | 299,400 +8.0% +14.9%
(without LHR)
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CAP 1731 Results by airport

Table C.6 (g): Summary of average annual 8h night 45dB Lnight population exposure (Central Scenario)

Scenario: Central Population Exposed Lnight 45 dB
Airport 2006 2016 2025 2030 2040 2050 % change | % change
2006-2016 | 2016-2050
BHX 62,700 80,000 88,000 86,000 91,800 95,600 +27.6% +19.5%
EDI 15,800 26,100 17,200 16,300 13,700 15,600 +65.2% -40.2%
GLA 70,200 48,800 46,100 39,700 30,900 31,900 -30.5% -34.6%
LGW 16,300 19,400 19,900 18,000 13,300 13,200 +19.0% -32.0%
LHR NWR 703,600 725,800 680,700 719,300 672,600 673,800 +3.2% -7.2%
LTN 14,900 54,600 60,400 49,900 34,600 33,700 +266.4% -38.3%
MAN 130,300 147,900 145,900 146,500 156,300 180,300 +13.5% +21.9%
STN 15,300 14,500 16,600 19,000 14,000 14,100 -5.2% -2.8%
Total 1,029,100 | 1,117,000 | 1,074,800 | 1,094,600 | 1,027,200 1,058,200 +8.5% -5.3%
(with LHR)
Total 325,500 391,200 394,100 375,300 354,600 384,300 +20.2% -1.8%
(without LHR)

Table C.6 (h): Summary of average annual 8h night 50dB Lnight population exposure (Central Scenario)

Scenario: Central Population Exposed  Lnight 50 dB
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 2016-2050

BHX 20,700 26,300 27,900 26,700 28,500 30,100 +27.1% +14.4%
EDI 2,900 4,600 3,900 4,000 4,000 4,200 +58.6% -8.7%
GLA 21,100 7,700 7,000 4,900 3,300 4,500 -63.5% -41.6%
LGW 5,000 5,200 4,600 3,900 3,300 3,700 +4.0% -28.8%
LHR NWR 207,200 | 221,200 | 184,800 | 209,800 | 199,500 | 202,100 +6.8% -8.6%
LTN 2,600 10,400 12,100 11,400 7,900 7,800 +300.0% -25.0%
MAN 40,900 44,100 37,700 37,900 39,700 50,000 +7.8% +13.4%
STN 4,100 4,000 4,400 4,900 4,200 4,300 -2.4% +7.5%
Total 304,600 | 323,600 | 282,400 | 303,600 | 290,400 | 306,700 +6.2% -5.2%
(with LHR)
Total 97,400 | 102,500 97,500 93,800 90,900 | 104,600 +5.2% +2.0%
(without LHR)
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CAP 1731 Results by airport

Table C.6 (i): Summaryofaver age summer night N60, (Q6enteahSeemdris) popul at

Scenario: Central Population Exposed N60, b events
Airport 2006 2016 2025 2030 2040 2050 % change % change
2006-2016 | 2016-2050

BHX 166,100 229,000 241,000 244,700 273,100 289,200 +37.9% +26.3%
EDI 58,000 71,100 62,800 62,700 59,000 60,200 +22.6% -15.3%
GLA n/a n/a n/a n/a n/a n/a n/a n/a
LGW 55,000 93,800 72,900 72,500 59,400 61,800 +70.5% -34.1%
LHR NWR 1,078,700 | 1,325,100 | 1,287,100 | 1,463,200 | 1,343,000 | 1,318,500 +22.8% -0.5%
LTN 97,800 127,100 142,800 128,800 111,800 113,500 +30.0% -10.7%
MAN 299,200 269,200 263,100 282,200 309,500 396,300 -10.0% +47.2%
STN 45,900 40,100 39,500 42,400 38,300 38,900 -12.6% -3.0%
Total 1,800,700 | 2,155,400 | 2,109,200 | 2,296,500 | 2,194,100 | 2,278,400 +19.7% +5.7%
(with LHR)
Total 722,100 830,300 822,100 833,300 851,100 959,800 +15.0% +15.6%
(without LHR)

Table C.6 (): Summaryofaver age summer ni g h tulathosdxposu@ (Central Bcermaios p o p

Scenario: Central Population Exposed  N60, Q10 events
Airport 2006 2016 2025 2030 2040 2050 % change | % change
2006-2016 | 2016-2050
BHX 79,600 140,600 140,700 143,100 167,200 181,300 +76.6% +28.9%
EDI 37,800 48,300 41,100 42,900 42,700 44,600 +27.8% -1.7%
GLA n/a n/a n/a n/a n/a n/a n/a n/a
LGW 27,500 38,200 45,400 38,100 29,500 33,600 +38.9% -12.0%
LHR NWR 791,400 928,200 896,400 | 1,065,100 992,500 | 1,006,200 +17.3% +8.4%
LTN 50,700 99,900 104,700 96,300 86,100 86,900 +97.0% -13.0%
MAN 206,300 191,700 192,700 198,100 214,400 245,400 -7.1% +28.0%
STN 22,700 26,400 25,500 28,900 23,000 23,200 +16.3% -12.1%
Total 1,215,900 | 1,473,400 | 1,446,500 | 1,612,600 | 1,555,400 | 1,621,200 +21.2% +10.0%
(with LHR)
Total 424,500 545,100 550,100 547,500 563,000 615,000 +28.4% +12.8%
(without LHR)
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CAP 1731 Results by airport

Table C.6 (k): Summaryofaver age summer night N65, ({Q6entahSeendris) popul a

Scenario: Central Population Exposed N65, A10 events
Airport 2006 2016 2025 2030 2040 2050 % change | % change
2006-2016 | 2016-2050
BHX 300,500 250,600 275,400 273,000 269,400 278,400 -16.6% +11.1%
EDI 72,800 91,100 80,100 79,600 68,700 67,600 +25.1% -25.8%
GLA 135,400 135,100 146,100 144,900 135,300 133,500 -0.2% -1.2%
LGW 72,300 42,600 39,100 38,400 25,300 23,900 -41.1% -43.9%
LHR NWR 2,389,300 | 1,678,700 | 1,728,000 | 1,680,300 | 1,533,800 | 1,317,300 -29.7% -21.5%
LTN 98,300 87,800 96,800 95,100 79,700 78,800 -10.7% -10.3%
MAN 523,900 283,000 284,100 279,000 318,700 359,400 -46.0% +27.0%
STN 52,800 39,900 48,200 47,700 32,300 32,400 -24.4% -18.8%
Total 3,645,400 | 2,608,800 | 2,697,700 | 2,638,100 | 2,463,300 | 2,291,300 -28.4% -12.2%
(with LHR)
Total 1,256,100 930,100 969,700 957,800 929,400 974,000 -26.0% +4.7%
(without LHR)

Table C.6 (I): Summaryofaver age summer night N65, OfQentral 8cematios popul :

Scenario: Central Population Exposed N65, QL0 events
Airport 2006 2016 2025 2030 2040 2050 % change | % change
2006-2016 | 2016-2050
BHX 225,600 197,400 224,200 220,800 222,200 231,200 -12.5% +17.1%
EDI 61,000 69,800 66,100 63,800 56,900 56,600 +14.4% -18.9%
GLA 116,200 119,000 127,400 125,000 114,600 113,800 +2.4% -4.4%
LGW 39,300 30,200 25,200 24,700 20,400 20,500 -23.2% -32.1%
LHR NWR 1,599,300 | 1,271,700 | 1,350,900 | 1,389,800 | 1,208,300 | 1,135,800 -20.5% -10.7%
LTN 72,700 78,000 84,900 78,800 73,600 74,400 +7.3% -4.6%
MAN 303,200 173,800 185,200 181,800 196,400 235,300 -42.7% +35.4%
STN 32,300 25,100 29,700 31,100 22,100 22,000 -22.3% -12.4%
Total 2,449,500 | 1,965,000 | 2,093,500 | 2,115,800 | 1,914,400 | 1,889,600 -19.8% -3.8%
(with LHR)
Total 850,300 693,300 742,600 726,000 706,200 753,800 -18.5% +8.7%
(without LHR)
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Table C.6 (m): Summaryofaver age summer day N70, OS5 (Centra 8cemmriopopul at i

Scenario: Central Population Exposed N70, G6 events
Airport 2006 2016 2025 2030 2040 2050 % change | % change
2006-2016 | 2016-2050
BHX 146,700 114,600 109,000 103,700 93,000 92,200 -21.9% -19.5%
EDI 32,600 35,600 35,900 34,200 28,100 26,200 +9.2% -26.4%
GLA 87,600 88,000 95,800 92,200 80,000 78,200 +0.5% -11.1%
LGW 20,500 10,400 12,600 12,200 9,400 7,700 -49.3% -26.0%
LHR NWR 917,000 680,800 712,800 617,100 519,800 438,400 -25.8% -35.6%
LTN 20,100 21,200 25,500 23,900 21,700 21,700 +5.5% +2.4%
MAN 145,800 102,500 90,300 63,700 74,400 81,500 -29.7% -20.5%
STN 9,100 8,600 10,200 10,500 9,900 10,000 -5.5% +16.3%
Total 1,379,300 | 1,061,800 | 1,092,100 957,300 836,400 755,900 -23.0% -28.8%
(with LHR)
Total 462,300 381,000 379,300 340,200 316,600 317,500 -17.6% -16.7%
(without LHR)

Table C.6 (n): Summaryofaver age summer day N70, 01 O(CentvakSoenasio)popul at

Scenario: Central Population Exposed N70, G10 events
Airport 2006 2016 2025 2030 2040 2050 % change | % change
2006-2016 | 2016-2050
BHX 104,300 94,200 87,300 84,700 72,100 68,600 -9.7% -27.2%
EDI 26,500 27,800 27,400 24,700 18,500 18,800 +4.9% -32.4%
GLA 72,700 72,700 80,000 76,900 67,400 66,800 +0.0% -8.1%
LGW 14,200 7,500 9,200 7,300 4,900 4,900 -47.2% -34.7%
LHR NWR 632,300 538,200 564,300 | 496,100 407,400 371,700 -14.9% -30.9%
LTN 12,700 19,900 23,600 21,300 19,400 20,100 +56.7% +1.0%
MAN 105,000 70,600 65,200 49,300 60,100 62,100 -32.8% -12.0%
STN 7,000 7,800 7,900 8,300 6,200 6,100 +11.4% -21.8%
Total 974,600 838,700 864,800 | 768,500 656,100 619,100 -13.9% -26.2%
(with LHR)
Total 342,300 300,600 300,500 | 272,400 248,700 247,400 -12.2% -17.7%
(without LHR)
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Results by airport

Table C.7 (a): Average Individual Exposure (AIE), number of events above 70dB Lamax for areas
experiencing at least 5 events per average summer day High Scenario

Scenario: HIGH, AIE (70) , Cb events

Airport 2006 2016 2025 2030 2040 2050 % change | % change
2006-2016 | 2016-2050
BHX 36.0 52.0 62.0 66.1 80.8 82.8 +44.4% +59.1%
EDI 39.0 46.0 41.0 41.6 40.6 47.9 +17.9% +4.1%
GLA 52.0 55.0 61.1 57.3 54.9 58.4 +5.8% +6.3%
LGW 43.0 61.1 67.1 67.1 72.5 76.1 +42.0% +24.6%
LHR NWR 47.5 70.1 70.8 95.3 96.3 111.7 +47.7% +59.3%
LTN 41.5 82.5 75.2 71.8 66.1 67.4 +99.0% -18.3%
MAN 56.6 74.8 81.1 83.8 113.0 119.7 +32.1% +60.1%
STN 60.8 854 69.7 72.3 49.1 50.1 +40.6% -41.3%
Average
(with LHR) 47.0 65.9 66.0 69.4 71.7 76.8 +40.0% +16.6%
Average
(without LHR) 47.0 65.2 65.3 65.7 68.2 71.8 +38.9% +10.0%
Table C.7 (b): Average Individual Exposure (AIE), number of events above 70dB Lamax for areas
experiencing at least 10 events per average summer day High Scenario
Scenario: HIGH, AIE (70) , Q10 events
Airport 2006 2016 2025 2030 2040 2050 % change | % change
2006-2016 | 2016-2050

BHX 48.0 61.0 75.0 80.3 99.5 113.9 +27.1% +86.7%
EDI 46.0 56.0 51.1 52.8 555 62.6 +21.7% +11.8%
GLA 61.0 65.0 71.3 67.4 63.9 67.1 +6.6% +3.2%
LGW 61.0 82.1 79.0 75.6 80.5 81.4 +34.6% -0.9%
LHR NWR 62.7 86.6 87.8 116.9 122.7 133.7 +38.2% +54.4%
LTN 62.7 85.9 79.4 80.2 73.9 74.8 +37.0% -12.9%
MAN 76.2 106.1 115.9 113.8 139.7 152.9 +39.2% +44.1%
STN 76.5 934 87.1 89.9 72.9 76.7 +22.0% -17.9%
Average
(with LHR) 61.8 79.5 80.8 84.6 88.6 95.4 +28.7% +20.0%
Average
(without LHR) 61.6 78.5 79.8 80.0 83.7 89.9 +27.4% +14.5%
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Results by airport

Table C.7 (c): Persons Event Index (PEI) G events 70dB Lamax High Scenario

Scenario: High, PEI (70), Cb events

Airport 2006 2016 2025 2030 2040 2050 % change | % change

2006-2016 | 2016-2050
BHX 5,331,400 5,939,000 6,757,300 7,124,200 7,841,800 8,712,700 +11.4% +46.7%
EDI 1,248,800 1,635,600 1,475,700 1,422,400 1,153,200 1,269,400 +31.0% -22.4%
GLA 4,635,400 4,887,300 5,953,300 5,367,300 4,474,900 4,634,000 +5.4% -5.2%
LGW 1,033,200 634,500 868,700 904,400 765,000 769,700 -38.6% +21.3%
LHR NWR 44,814,900 | 47,811,900 | 51,134,600 | 58,826,800 | 51,067,300 | 52,000,300 +6.7% +8.8%
LTN 849,100 1,719,000 1,963,000 1,752,400 1,493,500 1,570,800 +102.4% -8.6%
MAN 8,287,300 7,689,500 8,597,900 8,724,300 9,532,900 | 12,570,300 -7.2% +63.5%
STN 554,300 737,000 752,200 755,800 492,200 510,900 +33.0% -30.7%
Total 66,754,500 | 71,053,600 | 77,502,800 @ 84,877,700 | 76,820,800 | 82,038,300 +6.4% +15.5%
(with LHR)
Total 21,939,500 | 23,241,700 | 26,368,200 A 26,050,900 | 25,753,500 | 30,037,900 +5.9% +29.2%
(without LHR)
Table C.7 (d): Persons Event Index (PEl) GL0 events 70dB Lamax High Scenario

Scenario: High, PEI (70), Q10 events

Airport 2006 2016 2025 2030 2040 2050 % change % change

2006-2016 | 2016-2050
BHX 5,038,200 5,795,100 6,604,100 6,973,700 7,693,900 | 8,499,500 +15.0% +46.7%
EDI 1,204,600 1,579,700 1,415,500 1,364,200 1,087,400 1,218,200 +31.1% -22.9%
GLA 4,527,700 4,775,100 5,838,100 5,251,000 4,383,500 4,554,000 +5.5% -4.6%
LGW 978,000 614,700 885,500 892,600 756,100 764,900 -37.1% +24.4%
LHR NWR 43,012,100 | 46,784,300 | 50,013,400 | 57,915,700 | 50,199,800 | 51,429,300 +8.8% +9.9%
LTN 794,700 1,712,000 1,952,200 1,730,200 1,474,600 1,553,600 +115.4% -9.3%
MAN 8,003,300 7,465,300 8,349,400 8,506,000 9,410,800 | 12,395,500 -6.7% +66.0%
STN 539,600 731,200 737,200 741,500 463,200 481,600 +35.5% -34.1%
Total 64,098,100 | 69,457,300 | 75,795,300 | 83,375,000 | 75,469,400 | 80,896,600 +8.4% +16.5%
(with LHR)
Total 21,086,000 | 22,673,000 | 25,781,900 | 25,459,300 | 25,269,600 | 29,467,300 +7.5% +30.0%

(without LHR)

December 2018

Page 106


























































