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1. Introduction  
1.1 About this document 

1.1.1 This document is part of the set required for the UK’s airspace change process known as CAP1616, 
Stage 2 Develop & Assess: 

• Step 2A Option Development:  Design Options & Design Principle Evaluation 
Develops the options for airspace design for the en-route network and airport 
connectivity for the London Terminal Manoeuvring Area (LTMA) which address the 
Statement of Need and align with the Design Principles, filtering out those that are 
unlikely to be viable. 

• Step 2B Options Appraisal: Initial Options Appraisal 
Assesses the remaining airspace design options, a further opportunity to filter out the 
least suitable. 

1.1.2 The scope of this project includes the airspace network for the LTMA area, and connectivity with 12 
Future Airspace Strategy Implementation (FASI) airports.  The project will be implemented over a 
minimum of 3 separate deployments, to accommodate the complexity of the required changes and 
the vast interdependencies with the airport Airspace Change Proposals (ACPs).  To enable this, this 
stage has been completed in modular form as described in paragraph 2.2.4 below.   

1.1.3 Section 2 of this document describes the design option methodology which has been undertaken 
across all design option modules, and the engagement activities undertaken.  This is applicable 
across the network design options and the airport connectivity designs. 

1.1.4 Section 3 presents the overall baseline for the LTMA airspace.  This ‘Do Nothing’ option includes 
traffic data, current traffic flows1, and identifies constraints across the airspace. 

1.1.5 Section 4 describes the design development for network options, demonstrating how engagement 
feedback has developed and rationalised the design options.   

1.1.6 Section 5 introduces the separate complementary modules, which provide discrete detail for each 
airport’s arrival options.  Departure options are generally designed from the ground up, so the 
primary responsibility at this stage sits with relevant airports, and the network option will enable 
connectivity. 

1.1.7 A Design Principle Evaluation (DPE) and Initial Options Appraisal (IOA) has been completed for all 
concepts listed in Section 4 and Section 5, to determine whether they are viable to progress to 
Stage 3 or are discounted at this stage. 

1.1.8 Section 6 concludes with a summary table presenting the overall output for all LTMA designs. 

1.1.9 It is advised that all stakeholders read the entirety of this Master document, which includes the 
network section.  Stakeholders may have greater interest in specific airport connectivity options, so 
these are contained in separate modules. 

1.1.10 During this stage we reengaged with the stakeholders engaged during Stage 1.  We provided 
baseline information, initial design concepts and known design constraints for each element of the 
design options.  We asked our stakeholders for feedback relevant to their interests.  This document 
summarises the engagement activities and demonstrates how stakeholder feedback has influenced 
the design option development and developed our comprehensive list of viable options.  The 
supporting appendices evidence the engagement undertaken. 

1.1.11 The document includes the Design Principle Evaluation (DPE) which sets out a qualitative 
assessment of each option against each of the Design Principles.  The evidence is high level and 
based on subject matter experts (SMEs), feedback received from stakeholders and the evolving 
design work.  The DPE reduced the comprehensive list of potential options to a shortlist of options. 

 
1 Traffic flows are considered both from a network perspective (traffic directions across the entire LTMA network) and for each airport 
(predominant directions from which traffic leaves the LTMA network towards the airport). 
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1.1.12 An Initial Options Appraisal (IOA) was undertaken on the viable Design Options and results in the 
shortlist of options which will progress to Stage 3 for development and consultation.  

1.1.13 This document describes the activities completed and supporting documentation required for all 
CAP1616 Stage 2 activities. 

1.2 Where are we in the Airspace Change Process? 

1.2.1 We have completed Stage 1: Define, where we recognised the need for an airspace change and the 
design principles underpinning it.  We are now in Stage 2: Develop and Assess.  This document set 
comprises Steps 2A and 2B and is a common document set covering three NERL (NATS En Route 
Limited) LTMA ACPs: ACP-2020-043, ACP-2020-044 and ACP-2020-045.   

1.2.2 The LTMA cannot change in a single deployment; it is too large and complex.  The Stage 2 
document set is common across three ACPs because at this early stage we know the overall region 
where change would occur, but the deployment schedule for the implementation of the ACPs is not 
yet determined.   

1.2.3 The deployment schedule will be coordinated between NERL, ACOG (Airspace Change Organising 
Group) and the sponsor airports at Stage 3 (see paragraph 1.8.2).  The ACPs will then be aligned to 
deployment areas, identifying specific airports and relevant airspace for each deployment.  Stage 3 
will be completed for each deployment in a complementary manner, over a phased period for each 
planned implementation.  As such, this document set covers the entirety of the LTMA deployment 
scope area.  NERL, ACOG and the CAA have agreed this approach to Stage 2.   

1.3 Background & Scope 

1.3.1 This ACP is sponsored by NERL and is part of a programme referred to as the Future Airspace 
Strategy Implementation (FASI). 

1.3.2 The FASI programme seeks to modernise the enroute airspace in southern England and Wales by 
requiring involved airports and NERL to improve their routes and airspace in accordance with the 
Civil Aviation Authority’s (CAA’s) Airspace Modernisation Strategy (AMS, Ref 1).  Due to the proximity 
of airports and their airspace, such redesign requires collaborative work between ACP sponsors 
within the region.  

1.3.3 NERL, and the airports across the south, are all working on separate, but coordinated, airspace 
change proposals to meet the AMS objectives.  Each airport’s FASI proposal interacts with, and has 
some reliance upon, the FASI proposals of other airports and of the NERL FASI ACPs related to 
changes to the UK’s ATS (Air Traffic Service) route network (see Section 1.8). 

1.3.4 This ACP is one of three interdependent NERL ACPs, known as LAMP D2, D3, and D4.  The 
objectives of these are to modernise the enroute network serving the LTMA and connectivity with 
relevant airports within the airspace.  This includes the airspace managed by London Area Control 
(LAC) and London Terminal Control (LTC) and a full redesign of the LTMA, out to the FIR (Flight 
Information Region) boundary at the east and south. 

1.3.5 The aim is to modernise the enroute network through systemisation of traffic utilising the LTMA, 
enhance capacity by reducing conflicts, whilst minimising negative environmental impacts. 

1.3.6 Figure 1 shows the lateral area of scope for the proposed changes. Vertically, the changes will 
extend from a lowest level of FL70 (~7,000 ft) (below this level the changes will be made by an 
airport), up to FL245 (~24,500 ft), where the ATS routes will interface with the remainder of the 
extant upper ATS route network2.  Where new and/or amended ATS routes result below FL245, it is 
likely that complementary amendments will be made to the higher ATS routes to ensure alignment 
and reduce complexity.   

 
2 It is proposed under a separate ACP (ACP-2021-072) to implement Free Route Airspace (FRA) in the Upper Airspace (FL245+); currently it is 
planned for this change to Upper Airspace to be implemented subsequent to the deployment of this ACP. 
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Figure 1 Lateral extent of the scope area for LTMA ACP changes 

1.3.7 Each airport has its own ACP to amend arrival and departure routes below 7,000ft.  These share 
airspace design interdependencies with this NERL-led network ACP that sits above it.  NERL and the 
airports are working collaboratively to develop the design options associated with the respective 
ACPs for each airport/the network, with the airports leading below 7,000ft and NERL leading at and 
above 7,000ft.  Should an airport intend to design a continuous procedure that starts or ends above 
7,000ft, then NERL will collaborate with the airport to determine how this may be achieved. 

1.3.8 The Stage 2 options development work presented in this document has been conducted across the 
entire scope area and is consistent across all three NERL ACPs.  This approach facilitates 
consistent and holistic option development and reduces negative impact on stakeholders who may 
have interest across multiple deployment areas at this stage.    

1.3.9 Due to the interdependencies and the complexities of the FASI programme, design options are 
conceptual at this stage, with high-level concepts presented which address the Statement of Need 
and align with our Design Principles.   

1.3.10 This approach provides flexibility to ensure that NERL can incorporate the individual airport design 
options into the overall network design as the ACPs progress through the CAP1616 process.  
Working closely with stakeholders, NERL has developed concepts for the ATS Route Network, and 
Airport Arrival Structures for each airport listed below, presented as discrete concepts for each 
airport.   

1.3.11 Due to the complex interactions between the UK and neighbouring Air Navigation Service Providers 
(ANSPs) which form part of the pan-European ATS network, at Stage 2 there is an underpinning 
assumption that the major current traffic flows and route orientations into and out of the SE of the 
UK will remain as per today.  Stage 3 will identify and resolve the conflicts and interdependencies in 
granular detail.    

1.3.12 The scope of the NERL changes includes, but is not limited to 
• Airspace and route structures (at & above 7,000ft)  
• Improvements to the interfaces with neighbouring ANSPs. 
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• The interface with airports within the LTMA airspace, in particular Biggin Hill, 
Bournemouth, Farnborough, Gatwick, Heathrow, London City, Luton, Manston3, 
Northolt, Southampton, Southend and Stansted. 

1.4 Recent History of Airspace Change in the region, including those imminent & adjacent 

The following list summarises changes to the LTMA since 2016: 

1.4.1 In 2016 NERL, London City, Luton and Stansted jointly implemented changes at lower and higher 
altitudes to London City arrivals and departures, Luton departures and Stansted departures.  For full 
details see this CAA web page. 

1.4.2 In 2017, NERL introduced RNAV1 separated routes for LTMA traffic to/from the south coast, known 
as SAIP AD1.  For full details see here. 

1.4.3 In late 2018 NERL made changes to higher altitude connectivity between the south coast and the 
Channel Islands and France, known as SAIP AD3 (link), and also to the interface between the Dutch 
boundary and the London area, known as SAIP AD4 (link). 

1.4.4 In late 2019 NERL made a multi-part change known as SAIP AD5 (link), addressing a Birmingham 
Airport higher altitude route requirement, and a minor technical change to Heathrow’s balance of 
holding flows at higher altitudes.  The latter minor technical change is part of the LTMA. 

1.4.5 In early 2020 Farnborough Airport introduced changes to their departure and arrival routes at both 
lower and higher altitudes (NERL adapted the LTMA as part of this implementation), see this link. 

1.4.6 In early 2022 NERL and Luton Airport introduced changes to Luton’s arrivals, separating them from 
the previous design that used combined arrival flows with Stansted.     
This is known as SAIP AD6 (link). 

1.4.7 In early 2023 NERL will introduce major changes to the southwest of the UK abutting the London 
TMA area; at higher altitudes (link) and upper flight levels (link).  This LTMA ACP will be compatible 
with the western changes.  Any dependencies identified between the network designs will be 
managed by NERL in later stages of the process.  

1.4.8 NERL are also progressing changes to the Manchester TMA region (link), planned for 
implementation in 2027.  Any dependencies identified between the network designs will be 
managed by NERL in later stages of the process. 

1.5 Why must this change happen now? 

1.5.1 The enroute network has evolved piecemeal over many years rather than in a large-scale 
coordinated manner and has typically been defined by the use of ground-based navigation beacons.  
Improvements in navigation technology (e.g. satellite-based navigation) have removed these 
limitations and hence it is possible to undertake a complete redesign of the route network within the 
fixed constraints.  

1.5.2 This aims to maintain or improve the high safety standards  and provide  environment and capacity 
benefits. Undertaking such a fundamental redesign of the airspace is considered a once in a 
generation opportunity and will secure efficiencies and benefits for many years to come. 

1.6 Statement of Need  

1.6.1 The Statement of Need (SoN) initiated the ACP and was submitted to the CAA in November 2017.  
This was superseded in February 2018 with a revised version.  The full document is published here 
on the CAA’s Airspace Change Portal. 

1.6.2 The SoN presents the reasons for change.  The primary aims are to modernise the network, 
including optimal alignment and connectivity with relevant airports, to enable capacity benefits and 
minimise negative environmental impact.  This is driven by the UK Government’s AMS – see 1.3.2. 

1.6.3 The comprehensive list of design options was created to address the SoN.   

 
3 Manston Airport is included as they have an active FASI ACP, although it is not currently an operational airport. 
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1.9.2 Blackbushe, Cambridge, Denham, Dunsfold, Fairoaks, Lasham and Odiham aerodromes currently 
use neighbouring FASI airport’s procedures. Although they do not have their own FASI ACP, 
connectivity will be maintained but may require changes to their operation.  

1.9.3 Aircraft transiting to/or from other nearby airports, which currently route through the LTMA, such as 
Birmingham (EGBB) or Bristol (EGGD), will benefit from the proposed network improvements and 
have been included as stakeholders for this ACP, however there are no dependencies on any 
changes these airports are undertaking. 

1.9.4 NERL is in regular engagement with these airports to ensure that the designs proposed are 
compatible with the airports’ known aspirations or extant procedures. This will ensure connectivity 
is maintained.  

1.9.5 The changes contained within this ACP will complement the changes being made to the NERL led 
MTMA ACP.  The changes proposed in the LTMA ACP consider the MTMA proposed changes and 
will ensure that any future interdependencies are identified. 

1.10 Altimetry – altitudes, heights and flight levels  

1.10.1 Aircraft can use different vertical references when flying. ‘Altitude’ specifically means the distance of 
an aircraft above mean sea level using a local or regional pressure setting, ‘height’ specifically 
means the distance above the surface/terrain using a localised pressure setting, and ‘Flight Level’ 
(FL) is a standard reference for aircraft at higher levels using a common altimeter setting, in 
hundreds of feet, so an aircraft at FL90 is 90 x 100 = 9,000ft above the standard reference.  

1.10.2 Controllers need to use reference settings which are common for the aircraft under their control and 
those adjacent, hence the use of altitudes and flight levels.  

1.10.3 All of the changes proposed within this ACP are at or above an altitude of 7,000ft which is above the 
transition altitude4 (TA). Above the TA aircraft fly with reference to Flight Levels, hence in this 
document we generally refer to flight levels (FLs). 

1.11 What do we mean by systemisation? 

1.11.1 Systemisation refers to the process of reducing the need for tactical intervention in the air traffic 
control system. This can be achieved by utilising improved navigation capabilities to develop a 
network of routes that are safely separated from one another so that aircraft are guaranteed to be 
kept apart reducing the need for air traffic control to intervene so often. Systemisation can reduce 
complexity whilst benefiting safety and capacity. A systemised route network is characterised by 
the following:  

• An air route network where climbing and descending aircraft follow a structured route 
system based on their departure point and/ or destination. 

• Route design is predicated on the use of Performance Based Navigation (PBN) which 
enables very accurate track conformance to routes. This allows the required distance 
between routes to be determined using the process and reduced separations detailed 
in CAP1385 (Ref 5). 

• Systemising ATS routes should reduce the amount of tactical intervention required, by 
optimising the routings available within a given volume of airspace. 

• The allocation of traffic on routes is driven by traffic data, both historical and future, 
and the input from sector controllers.  

• Although systemisation reduces the amount of controller intervention required, there 
will still be instances where controllers will need to use tactical controlling techniques 
(radar headings or rerouting between waypoints) for expedition and to resolve 
conflictions.  

• It is recognised that the introduction of systemised airspace may introduce additional 
planned track mileage for some routes, while shortening others. 

 
4 The altitude at which aircraft change to using FL as the altimetry reference for maintaining vertical separation (i.e., change from the local 
airport pressure setting to standard pressure: 1013 hPa). This is 6,000ft for airports within the LTMA.   
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1.12 ACP Categorisation Level 

1.12.1 The above sections (1.8 & 1.9) present the magnitude of the proposed changes, and the 
interdependencies with which this ACP is linked.  Our approach to Stage 2 is therefore broad, high-
level and qualitative (by necessity, given the interdependencies with other ACPs).   

1.12.2 At the assessment meeting NERL explained the changes which will be included and progressed 
under this ACP are only to the enroute airspace, at or above 7,000 ft.  Given the potential for NERL to 
influence how one or more of the interdependent airports alter traffic patterns below 7,000ft over an 
inhabited area, NERL expects that, by the definitions in CAP1616, this change will be categorised as 
a Level 1 ACP. 

1.12.3 As airports are pursuing their own interdependent ACPs to change the low-level airspace (below 
7,000 ft), NERL would consider it disproportionate to consider noise impacts within this ACP and 
therefore proposes the process is scaled as follows.  

NERL intends to:  

1.12.4 Continue to work closely with airport sponsors on options development and, as changes are being 
progressed by an airport, provide proportionate support to their consultations (where requested and 
appropriate).  

1.12.5 Continue to engage with airport sponsors to determine suitable arrival structure locations and 
departure connectivity points. 

1.12.6 Consult with relevant identified stakeholders on the proposals for change to the enroute network 
above 7,000 ft.  

1.12.7 Produce en-route network CO2 emissions analysis (during Stage 3).  

NERL does not intend to:  

1.12.8 Consult on routes below 7,000 ft. If no changes below 7,000 ft are proposed by airports, the LTMA 
design will interface with the extant routes.  

1.12.9 Proactively consult local communities.  

1.12.10 Produce noise analyses (unless related to ATS route changes below 7,000 ft and not within the 
scope of one of the FASI associated airport ACPs). 

  



 

© 2023 NERL  NATS Public 
CAP1616-LTMA Stage 2 Master Issue 1.1 Page 11 

NATS Internal 

2. Methodology 
2.1 Baseline Methodology 

2.1.1 Our first step in developing a comprehensive list of options which address the SoN was to 
understand what happens today – the baseline.  This includes the current enroute and airport 
routes and structures, traffic flows, traffic mix, and identification of design constraints. 

2.1.2 To identify the baseline, we took the following steps: 

• Engaging with the airport sponsors to understand their current operations and future 
aspirations; 

• Engaging with airlines, via the NERL Lead Operator Carrier Panel, to understand their 
future fleet capabilities and arrival structure preferences; 

• Analysing flight track data to assess how aircraft operate in LTMA airspace; and 

• Engaging with Subject Matter Experts (SMEs) on the current LTMA operation. 

2.1.3 The LTMA baseline, which is based on 2019 data, is described in Section 3.  Extrapolating the 
baseline using traffic forecast figures would present the ‘Do Nothing’ option.   

2.1.4 Traffic data from 2019 is used to baseline, as this is the most up-to-date and credible data to 
demonstrate a ‘representative’ year for air traffic.  In 2020, there was an unprecedented drop in 
demand for air travel due to the COVID-19 pandemic.  Whilst traffic levels are returning, they have 
fluctuated throughout the pandemic and are not currently as credible to use as a baseline.  See 
Section 3.9 for forecast detail. 

2.2 Design Development 

2.2.1 The options proposed to modernise the LTMA airspace have been developed within a user centred 
design process, using first-hand knowledge to develop design concept options which are 
theoretically feasible within the constraints and demands of the airspace.   

2.2.2 Our design options consist of two primary streams:  

• ATS route network concepts, to be considered and applied to the region; and 

• Arrival structure concepts to be considered and applied within broad regions of each 
airport’s design envelope. 

2.2.3 Network options will provide connectivity to airport SID end points / departure connectivity points.    
Departure procedures are being developed by airports under their ACPs.  NERL’s commitment to the 
airports is that their departure connectivity will be collaboratively developed to align with the 
network option(s) progressed in this ACP.  At this stage the airport departure options are not yet 
mature enough to allow detailed evaluation by NERL; this will come in Stage 3. 

2.2.4 Given the complexity of the airspace, the design option development was separated out into 13 
modules: one for the enroute network options (within this document); and one for each of the 12 
FASI airport’s arrival options.   

2.2.5 Considering each module independently ensures the redesign is manageable, consistent across all 
aspects, and that any interdependencies can be systematically factored in to develop the optimal 
holistic design for this complex airspace.  It retains the maximum amount of flexibility at this early 
stage of the process.  The design work has advanced in an iterative, high-level and qualitative 
manner. It would be disproportionate to attempt to conduct quantitative analysis at this early stage.  
The design options are conceptual at this stage of the proposal.  This means that there are no 
specific designs that can be measured or assessed quantitatively, nor can the concepts be 
combined into an operational system of structures at this stage.  There is not yet enough certainty 
leading to too many permutations.  SMEs have provided their qualitative expert opinion to assess 
the potential positive and negative impacts of each option.  Quantitative analysis will be addressed 
during Stage 3 development in collaboration with FASI airport sponsors. 
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2.2.6 Initial concept options were developed for each module by NERL SMEs from air traffic control, 
safety, human factors, data analytics and airspace change.  Even in a systemised environment 
tactical intervention will occur, although to a lesser extent than the ‘Do Nothing’ Baseline. This 
mitigates an increase in tactical intervention and cognitive impairment which would be a by-product 
of increase traffic if the baseline remained. 

2.2.7 The concept options, which included radical solutions5, have developed in coordination with our key 
stakeholders, the airport sponsors, to ensure the options proposed are compatible with the airports’ 
own ACP designs. 

2.2.8 NERL SMEs and the airport sponsors then worked closely in a series of workshops (summarised in 
Section 7) to review these early concepts for both network and airport arrival structures, generating 
feedback, developing broad concepts and identifying constraints at a high level.  The outputs from 
these collaborative design workshops were recorded in Airspace Development Workshop Records 
(ADWR), which were shared with airport sponsors. 

2.2.9 NERL undertook visualisation simulations with SMEs, including Air Traffic Control Officers (ATCOs), 
and airport stakeholders, to assess the operability of some design options.  This type of simulation 
is used to run traffic on planned profiles to demonstrate how multiple design options could operate 
in a realistic looking ATC setup.   It is emphasised these are conceptual in nature only and do not 
necessarily represent the final location of tracks/arrival procedures.   

2.2.10 There were two key aspects to determine for each airport: the possible types of arrival structure and 
the geographic feasibility.  There are a variety of factors which influence both, e.g., current traffic 
flows, airport runway demand and constraints such as Military Danger Areas.  For geographic 
viability, airspace was sectioned into nine elements, using the cardinal / intercardinal points as 
reference, and the airport overhead.  Some options were discounted at this stage as unviable. 

2.2.11 Five types of arrival structure were identified as potential concepts across the LTMA airports. These 
include optimised versions of current arrival structures.  For a structure to be considered ‘optimised’ 
it would be relocated, reoriented, and set at better altitudes / flight levels to provide the best balance 
between capacity and fuel-efficient routings for both airport and network.  ‘Optimised’ and ‘best’ are 
qualitative assessments by SMEs. 

2.2.12 Initial design areas were drafted for each airport – the ‘design envelope’.   A design envelope is an 
illustration of the potential area for placement of arrival structures for an LTMA airport.  It is not 
intended to depict an area for the exclusive use of this airport, which would be impractical because 
most LTMA airport design envelopes overlap significantly with those of other LTMA airports.  This 
will be resolved during Stage 3 development where more detail will be introduced. 

2.2.13 In developing the design options for individual airports, it was necessary to consider if this facility 
could be shared between airports or would be independent, based on traffic volumes and 
geographical locations.  It was determined that any shared facility could only be viable for a higher 
traffic volume LTMA airport (Heathrow, Gatwick, London City, Stansted, Luton) if combined with a 
lower traffic volume LTMA airport (Bournemouth, Biggin Hill, Farnborough, Southampton, Southend, 
Manston & Northolt), or two or more lower traffic volume airports.  Two large traffic volume airports 
could not share a holding facility.   

2.2.14 The output from this stage of the development work and early airport engagement was an Arrival 
Structure Viability Assessment for each airport module.  This matrix matches the viability of each 
airspace structure against each geographical location.  High-level qualitative reasoning is captured 
in ‘Viability Comments’ for both the structure and geographical aspects.   This provides a holistic 
viability assessment for each airport of the potential concept options.  This was systematic, 
methodical, and consistent across all airports.  There were 210 concept design options at this 
stage. 

 
5 ‘Radical options’ are mentioned in the airspace change process document CAP1616.  In this proposal, ‘radical’ solutions are those 
considered extremely challenging from a technical, operational, or safety point of view.  The proposed Switch Merge concept is considered to 
be a radical solution as it has never been done in the UK or Europe before and we used it to explore the parameters for feasible options. 
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2.4.1 Design development by SMEs continued throughout the engagement period, and some further 
design options were developed / removed as a result, as detailed in each relevant module.   

2.4.2 We engaged with stakeholders on ‘Holds Further Out’ as one of the five arrival concepts (see 
Section 5).  However, at this stage it was assessed by SMEs that this concept, without an interim 
delay absorption mechanism (e.g. Point Merge, Trombone), would be unviable.  In the event of 
disruption, the extended distance from the hold would create increased controller workload and 
complexity compared to today.  Compared with the baseline, the extended distance from the hold(s) 
is also assessed to reduce overall resilience (due to flight time between hold and runway 
significantly increased). It would also reduce capacity (fewer holding levels, larger holding pattern 
‘racetrack’ dimensions at higher levels that would be more likely to conflict with other network 
flows).  This concept would therefore not align with the Design Principles Operational Resilience 
(DP1) or Operational Capacity & Efficiency (DP8).  All design options using the ‘Holds Further Out’ 
concept were removed at this stage. 

2.4.3 We also engaged with stakeholders on the concept of ‘Trombones’ as a suitable arrival 
structure.  As the design options have developed through this stage, SMEs have determined that 
whilst Trombones do provide a sequencing function this would be less effective at network levels 
than other options.  It also does not provide sufficient delay absorption above 7,000ft, and requires a 
substantially larger amount of airspace than other options at the higher levels covered by this ACP. 
A similar concept may be more viable at lower altitudes (covered by airport ACPs for instance), and 
NERL would work with sponsors to facilitate the connectivity to those structures as 
needed.  Therefore, all design options using the ‘Trombone’ concept wholly contained above 7,000ft 
as the primary arrival structure were considered unviable and removed at this stage. 

2.4.4 After this engagement and subsequent design development, there were 115 design options (see 
Table 28 on page 47), which were taken forward to Design Principle Evaluation stage. This is our 
Comprehensive List. 

2.5 Design Principle Evaluation 

2.5.1 To ensure the design options could be evaluated against the design principles in a fair and 
consistent manner, pre-determined criteria were established by SMEs for each DP against which the 
design option could be qualitatively assessed. 

2.5.2 Each option was evaluated as if it was the only delay absorption structure for that airport.  The 
exceptions to this are Heathrow, Gatwick, and Stansted, which SMEs assessed would require more 
than 1 delay absorption structure to meet demand.  See relevant airport module for more details. 

2.5.3 In a series of workshops, SMEs reviewed each design option against the DP assessment criteria, 
and afforded a red (worsens), amber (maintains/worsens), or green (maintains/improves) (RAG) 
status to each DP, with a supporting rationale.  Where the impact of the option was unknown at this 
stage, the DP was assessed as amber.  

2.5.4 Each module also has a ‘Do Nothing’ option which has been evaluated, even if that option is not 
viable, in accordance with CAP1616 para E21. 

2.5.5 To assist with an accurate DPE, two DPs were split into more than one part: 

• DP1 – Operational Resilience. The SMEs’ description of resilience changed when 
considering the network compared to an arrival structure.  Network resilience focused 
on the ability to avoid weather, whereas arrival structure resilience focused on delay 
absorption and recovery from unplanned runway closures or other disruption. For this 
reason, this DP has been split into three criteria, one applies to the network and two 
apply to the arrival structures.  

• DP8 – Capacity & Efficiency: this DP has been separated into two parts: capacity 
(traffic volume) and efficiency (ATCO workload) as these were assessed to be 
independent factors. 

2.5.6 For transparency, all parts of the split DPs are included in the DPE, not just an overall RAG status. 
Each part has the same weighting as any other similar priority DP. Where possible all RAG criteria 
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• The quantity of fuel burnt is proportional to the distance flown. i.e., increased track 
miles will result in increased fuel burn. 

• Greenhouse gases emitted are directly proportional to fuel burnt, hence GHG emissions 
are also proportional to the distance flown. 

• Continuous Descent Operations (CDO) and Continuous Climb Operations (CCO) 
improvements are desirable. 
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3.3.3 Figure 3 is a pictorial representation of Table 9, which demonstrates the complexity of this airspace 
for airport arrival procedures. 

 
Figure 3 LTMA Airport STARs, terminal holds and ATS route connectivity13 

  
  

 
13 This diagram shows ATS routes including the LD1.1 ACP changes implemented in March 2023 described in paragraph 1.4.7 
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3.4.2 Figure 3 is a pictorial representation of Table 10, which demonstrates the complexity of this 
airspace for airport departure procedures. 

 
Figure 4 LTMA Airport SIDs and ATS route connectivity 

 

 
  

Key: 
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3.4.3 Figure 5 is a combination of Figure 3 and Figure 4, illustrating the complexity of current arrival and 
departure procedures and ATS routes within the LTMA. 

 
Figure 5 LTMA Airport STARs, SIDs and ATS route connectivity 
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3.4.4 Figure 6 shows a radar density plot of LTMA traffic for a typical busy summer week (August 5-11th 2019).  The arrows illustrate the broad swathes of 
traffic routes, with the prevalent traffic flows shown14.   

 
Figure 6 Prevalent traffic flows in the LTMA (illustrative schematic) - all traffic (5-11 August 2019) FL70 - FL245

 
14 It is a working assumption of this ACP that prevalent traffic flows would not change, neither would international-boundary Coordination Points known as COPs. 
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4.1.10 One network option concept progressed through the DPE stage, Hybrid Systemisation, and this 
option was progressed to Initial Options Appraisal. 

4.1.11 The following pages present a summary of each option, the stakeholder feedback, and how this 
has influenced the design development.  Design Principle Evaluations are presented for each on 
the comprehensive list, and the Initial Options Appraisal for the progressing option Hybrid 
Systemisation. 
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4.4 Conclusion for the Network 

4.4.1 This section has demonstrated how NERL have developed five initial option concepts for the 
network.  We engaged with stakeholders and reviewed stakeholder feedback on the feasibility and 
viability of these options.  This reduced the options to three, which were evaluated against the 
Design Principles.  Only one option was progressed past this step. 

4.4.2 The baseline (‘Do Nothing’ Option 0) is not viable. The Hybrid Systemised Option 2 is therefore the 
only viable option and progressed to Stage 3 for further development. It is our preferred network 
option by default.   
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6.1.9 One Network option progressed and is the preferred option by default.  There is not yet enough 
detailed quantified data to make a statement on preferred option(s) for the airport arrival 
structures. Compromises and trade-offs may be necessary between airports taking part in the 
FASI regional airspace change. Appropriate quantitative assessments and trade-offs will be 
carried out as part of Stage 3 to allow preferred option(s) to be selected prior to consultation. 

6.2 Next Steps 

6.2.1 The AMS allows for design options discounted at Stage 2 to be reintroduced at Stage 3 if 
necessary, during the Masterplan integration process where multiple ACP sponsors are all at the 
same stage, and it will be possible for a wider holistic overview to be considered.  

6.2.2 In Stage 3 a cost-benefit analysis will be performed, and a preferred option (or combined system of 
options) will be stated.   

6.2.3 Appropriate quantitative assessments will be carried out as part of Stage 3, and these will be 
monetised where possible: 

• Fuel/CO2 modelling analysis using the most recent appropriate version of 
EUROCONTROL’s Base of Aircraft Data (BADA) as the data source, which will be 
processed via a fast-time simulation application.   

• Fuel costs will be based on European market IATA jet fuel costs, converted from USD 
to GBP, both taken on a ‘snapshot’ date. 

• ATC capacity changes due to this proposal will be modelled.   

• It may be disproportionate to quantify some items depending on the circumstance 
and assumptions needed; in these cases, we will describe how a qualitative 
assessment provides adequate explanation. 

6.2.4 A date for the Stage 3 Gateway Assessment has not yet been set and will depend on the 
progression of individual deployments as described in paragraph 1.2.3 on page 4.  

6.2.5 For the latest information on this proposal, please subscribe to email updates on the CAA’s 
airspace change portal. 
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9. Annex C:  Summary of General Safety Assessment 
9.1.1 This section provides a brief, qualitative overview of the impact of the holistic change on aviation 

safety.  

9.2 Options Appraisal Safety Assessment – Baseline 

9.2.1 The current operation uses a published route structure and airline operators flight plan to follow 
available ATS routes as published in the UK AIP or flight plannable Directs (DCTs) as published in 
the Route Availability Document.  

9.2.2 Flights into and out of the airspace volume are managed via published waypoints between 
adjacent sectors. Transfer of traffic between these sectors is often conducted through the use of 
standing agreements and established coordination procedures as detailed in specific sections of 
the MATS pt. 2. 

9.2.3 The published routes are historically predicated on ground-based navigation aids, based upon an 
outdated airspace design, and traffic needs to be tactically deconflicted by Air Traffic Controllers. 
This creates a high workload environment with a lack of overall predictability for airlines. In 
support to the need for change explained in Section 1.5, Safety by Design principles should be 
applied to design-out some of the current limitations and further improve safety while enhancing 
the overall airspace benefits.  

9.2.4 In addition to following routes, some flights may be instructed to take a more direct path through 
the airspace. This is done in a tactical manner by Air Traffic Controllers based on their judgement 
that a different path can be followed safely. 

9.2.5 Project activities so far have included a questionnaire directed at Swanwick (Area Control, 
Terminal Control and Approach) Air Traffic Controllers and workshops held with all twelve FASI 
airports.  Feedback from these has enabled a range of concepts to be assessed through 
visualisation simulations based upon iterative development. 

9.3 Options Appraisal Safety Assessment – Options Development  

9.3.1 Key elements of the proposed change include systemised routes designed to improve traffic flow 
and increase capacity, as well as new arrival and departure route connectivity which may require 
additional controlled airspace.  

9.3.2 A qualitative high-level safety appraisal indicates that nothing is presently foreseen, in any of the 
proposed and accepted options for the LTMA, that appears to have the potential to preclude 
maintenance of the existing level of safety performance undertaken within the current operation.  

9.3.3 The completed Airspace Safety Review will inform a series of real-time development simulations 
currently scheduled for October 2023 onwards. 
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9.4 Summary  

9.4.1 The initial findings from workshops at the time of this Safety Statement are described below. Due 
to the nature of airspace analysis, the individual elements of the designs have been assessed 
holistically.  

9.4.2 Visualisation Simulations: 
Based on feedback from the workshops held with all relevant stakeholders, feedback from the 
controller questionnaire and drawing on previous design work, concepts were created which 
contained a number of new design elements. These were presented to LTMA controllers, airfield 
sponsors and airline operators by means of visualisation simulations. These were held at 
Swanwick Centre in the SPACE research and development facility and used fictional traffic 
samples to represent the routes within the design concepts on a radar display and were used to 
show how aircraft would travel through the new airspace. It allowed the new design concepts to 
be understood and interactions between aircraft to be seen. It also facilitated discussion around 
sectorisation, coordination sequences and general opinions and ideas about the suitability of the 
designs and how they could be improved. A number of visualisation simulations were conducted 
during the period August - October 2022 which included extensive controller participation and 
stakeholder engagement. The output of these simulations will be used to create and refine the 
designs that will be taken to series of real-time development simulations scheduled for October 
2023 onwards. 

9.4.3 Airspace Safety Review: 
The Airspace Safety Review (ASR) will take place within Stage 3 to await the maturing of the LTMA 
designs. Therefore, a reliable net safety benefit/disbenefit will not be fully realised until a complete 
safety assessment is conducted in Stage 3. At this stage, Safety do not foresee safety issues 
associated with any of the design elements. 

9.5 Future activities 

9.5.1 Subject to safety analysis, a safety strategy will be captured within the Safety Assurance Plan.  

9.5.2 Further analysis and activities will be conducted on the proposed design options that will include: 

• Hazard Identification and Analysis 

• Real-Time Development Simulations 

9.5.3 Work is ongoing to provide detailed quantitative safety assessments for subsequent CAP1616 
stages.  

9.5.4 At this time, there are no indications to suggest any of the current options would be unsafely 
implemented.  
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10. Annex D: Glossary 
ACOG Airspace Change Organising 

Group 
ACOG’s role is to coordinate the delivery of key aspects 
of the UK Government’s Airspace Modernisation 
Strategy. 

ACP Airspace Change Proposal An Airspace Change Proposal is a request from a 
'change sponsor', usually an airport or a provider of air 
navigation services (including air traffic control), to 
change the notified airspace design. 

ADWR Airspace Development 
Workshop Records 

Outputs from NERL led collaborative design workshops.  

AIP Aeronautical Information 
Publication 

A publication issued by or with the authority of a state 
and containing aeronautical information of a lasting 
character essential to air navigation. 

AMS Airspace Modernisation 
Strategy 

The strategy sets out the “ends”, “ways” and “means” of 
modernising airspace. 

ANG (2017) Air Navigation Guidance (2017) DfT guidance to the CAA and wider industry on airspace 
and noise management, the most current issue of which 
was published in 2017. 

ANSP Air Navigation Service Provider An Air Navigation Service Provider is an organisation that 
provides the service of managing the aircraft in flight or 
on the manoeuvring area of an airfield and which is the 
legitimate holder of that responsibility. 

AONB Area of Outstanding Natural 
Beauty 

An Area of Outstanding Natural Beauty is a designated 
exceptional landscape whose distinctive character and 
natural beauty are precious enough to be safeguarded in 
the national interest.  

ATC  Air Traffic Control Air Traffic Control is a service provided by ground-based 
air traffic controllers who direct aircraft on the ground 
and through a given section of controlled airspace and 
can provide advisory services to aircraft in non-
controlled airspace. 

ATCO Air Traffic Control Officer Air Traffic Control Officers are personnel responsible for 
the safe, orderly, and expeditious flow of air traffic in the 
global air traffic control system. 

ATS Air Traffic Services An Air Traffic Service is a service which regulates and 
assists aircraft in real-time to ensure their safe 
operations. 

BADA Base of Aircraft Data Analytical model on aircraft performance, developed and 
maintained by EUROCONTROL. 

CAA Civil Aviation Authority The Civil Aviation Authority oversees and regulates all 
aspects of civil aviation in the United Kingdom. 

CAP1385 CAA Performance-based 
Navigation (PBN): Enhanced 
Route Spacing Guidance 

Guidelines for the spacing requirements of UK ATS 
routes. 

CAP1616 CAA Airspace Change Process The CAA’s guidance on the regulatory process for 
changing the notified airspace design and planned and 
permanent redistribution of air traffic. 
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CAP1711 CAA Airspace Modernisation 
Strategy 

See AMS. 

CAS Controlled Airspace Generic term for the airspace in which an air traffic 
control service is provided as standard; note that there 
are different sub classifications of airspace that define 
the particular air traffic services available in defined 
classes of controlled airspace.  

CCO Continuous Climb Operations Continuous Climb Operations is an aircraft operating 
technique facilitated by the airspace and procedures 
design and assisted by appropriate ATC procedures, 
allowing the execution of a flight profile optimised to the 
performance of aircraft, leading to significant economy 
of fuel and environmental benefits in terms of noise and 
emissions reduction. 

CDO Continuous Descent Operations Continuous Descent Operations is an aircraft operating 
technique in which an arriving aircraft descends from an 
optimal position with minimum thrust and avoids level 
flight to the extent permitted by the safe operation of the 
aircraft and compliance with published procedures and 
ATC instructions. 

CMATZ Combined Military Aerodrome 
Traffic Zone 

An airspace of defined dimensions established around 
more than one military aerodrome, in this case the 
United States Air Force in Europe operations at RAF 
Lakenheath and RAF Mildenhall.  

CO2 Carbon Dioxide A greenhouse gas produced by burning aviation fuel. 

DA Danger Area Airspace of defined dimensions within which activities 
dangerous to the flight of aircraft may exist at specified 
times.   

DAATM Defence Airspace and Air 
Traffic Management 

DAATM is the MoD focal point for all Defence Airspace 
policy, including airspace changes by all sponsors. 

DCT Direct (Direct) Waypoint to waypoint routing, which does not 
use an airway.  DCTs are published in the 
EUROCONTROL Route Availability Document. 

DfT Department for Transport The Department for Transport is the UK Government 
department responsible for the English transport 
network and a limited number of transport matters in 
Scotland, Wales and Northern Ireland that have not been 
devolved. 

DP Design Principle (CAP1616) The design principles encompass the safety, 
environmental and operational criteria and strategic 
policy objectives that the change sponsor aims for in 
developing the airspace change proposal. 

DPE Design Principle Evaluation (CAP1616) The evaluation of design options against the 
established design principles, to progress or reject 
options according to alignment criteria. 

FASI Future Airspace Strategy 
Implementation 

An airspace project modernising airspace in the UK. 
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FDS Flight Data System A computer system in an aircraft’s flight deck that 
displays flight data to a pilot and contains a database of 
routes, waypoints and flight procedures 

FIR Flight Information Region Flight Information Region (a defined region of airspace 
usually below FL255; the UK is divided into the London 
and Scottish FIRs). 

FL Flight Level A flight level (FL) is an aircraft's vertical reference to a 
standard air pressure (1013hPa), expressed in hundreds 
of feet, e.g. FL100 is 10,000ft above the 1013hPa 
pressure datum. 

FRA Free Route Airspace Free route airspace (FRA) is a specified airspace within 
which users may freely plan a route between a defined 
entry point and a defined exit point. 

ft feet The standard measure for vertical distances used in air 
traffic control. 

GA General Aviation All civil aviation operations other than scheduled air 
services and non-scheduled air transport operations for 
remuneration or hire.  The most common type of GA 
activity is recreational flying by private light aircraft and 
gliders, but it can range from paragliders and 
parachutists to microlights, balloons and private 
corporate jet flights. 

hPa Hectopascal The Hectopascal is the international unit for measuring 
atmospheric or barometric pressure. 

IATA International Air Transport 
Association 

Trade association of the world’s airlines. 

IFP Instrument Flight Procedure Instrument Flight Procedure.  An IFP is a defined 
sequence of manoeuvres an aircraft must make under 
certain conditions, with reference to instrumentation.  
They may only be designed by approved specialists.  
Examples include SIDs and STARs.   

IOA Initial Options Appraisal (CAP1616) The Initial appraisal is based around a 
qualitative assessment. The Initial appraisal sets out 
how the change sponsor moves from its Statement of 
Need to a shortlist of options. 

LAC London Area Control The air traffic control unit which manages en-route 
traffic in the London Flight Information Region. This 
includes en-route airspace over England and Wales up to 
the Scottish border. 

LTC London Terminal Control The air traffic control unit which manages the traffic in 
the London TMA.  

LTMA London TMA TMA surrounding the London group of airports. 

Masterplan Airspace Masterplan ACOG’s Masterplan identifies where airspace changes 
are needed to support the delivery of the Airspace 
Modernisation Strategy. 

MoD Ministry of Defence The administration of the UK Government’s military 
forces. 

MTMA Manchester TMA TMA surrounding the Manchester group airports. 
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NATMAC National Air Traffic 
Management Advisory 
Committee 

A CAA-managed committee on which sit various groups 
of organisations representing users of UK Airspace. 

NATS UK ANSP The organisation comprising the licensed & regulated 
NERL function (see below) and the commercial services 
element NATS Services Ltd (NSL) which is the 
contracted air navigation service provider at several UK 
airports and also provides other aviation consultancy 
services. 

NERL NATS En-route Ltd. The UK’s licenced air traffic service provider for the en 
route airspace network that connects our airports with 
each other, and with the airspace of neighbouring states. 
Part of NATS (see above). 

NP National Park National Parks are protected landscapes which aims to 
conserve and enhance natural beauty, wildlife and 
cultural heritage whilst promoting understanding and 
enjoyment. 

PBN Performance Based Navigation Performance Based Navigation is a generic term for 
modern standards for aircraft navigation capabilities 
including satellite navigation (as opposed to 
‘conventional’ navigation standards).  

PM Point Merge A systemised method for sequencing arrival flows, 
allowing controllers to sequence and merge arrivals 
without vectoring, whilst enabling continuous descent 
operations and maintaining runway throughput. This 
design has a fixed location regarding the merge legs and 
merge point. 

RAF Royal Air Force The branch of the UK’s military forces dedicated to aerial 
defence and combat  

RMA Radar Manoeuvring Area An ATC operational area articulated as a volume of 
airspace, generally close into the airfield and is usually 
established solely for the purposes of segregating and 
protecting aircraft arriving and departing the same 
airfield. 

SDR Standard Departure Routes Airport departure procedures that are less prescriptive 
than a SID  

SID Standard Instrument Departure A Standard Instrument Departure is a published route 
with climb for aircraft to follow straight after take-off. 

SM Switch Merge Two separate PM structures exist within a given 
airspace volume to serve different runway directions for 
the same airport. The merge legs and merge point (the 
tip of each triangle) is angled to favour the runway in use, 
but only one of the merge structures is in operation at 
any time; they are ‘switched’ when the runway direction 
changes. The holds do not change. 

SME Subject Matter Expert A subject-matter expert is a person who is an authority in 
a particular area or topic. 
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SoN Statement of Need The Statement of Need sets out what issue or 
opportunity an airspace change seeks to address. 

STAR Standard Arrival Route A Standard Arrival Route is a published route for arriving 
traffic.  In today’s system these bring aircraft from the 
route network to the holds (some distance from the 
airport at high levels), from where they follow ATC 
instructions (see Vector) rather than a published 
route.  Under PBN it is possible to connect the STAR to 
the runway via a Transition. 

TA Transition Altitude The Transition Altitude is the altitude at or below which 
the vertical position of an aircraft is controlled by 
reference to altitudes.  Above the TA all aircraft are 
vertically referenced using Flight Levels. 

TMA Terminal Manoeuvring Area A Terminal Manoeuvring Area is a Control Area normally 
established at the confluence of ATS Routes in the 
vicinity of one or more major aerodromes. 

USAFE United States Air Force in 
Europe 

The division of the United States Air Force operating in 
Europe 

Vector also Vectoring A standard controlling technique by which the ATCO 
instructs the pilot of an aircraft to turn to a specified 
compass heading and to climb or descend to a specified 
altitude or flight level.  The controller manually dictates 
the precise path of an aircraft in order to achieve a 
desired outcome such as setting a landing sequence, 
ensuring separation, or shortening a route. 
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