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Background  

This technical paper was produced at the request of the Department for Transport and Civil 

Aviation Authority in their roles as co-sponsors of Airspace Modernisation in the UK. It 

discusses some of the main technology options that form the basis for airspace modernisation 

in busy terminal areas and considers how they may help to mitigate the impacts of aircraft 

noise. The content was developed by the Airspace Change Organising Group (ACOG), an 

independent organisation established by the co-sponsors to coordinate delivery of the 

airspace changes required to achieve the goals of the UK Airspace Modernisation Strategy 

(AMS).1 The paper describes the technologies and concepts in general terms and is intended 

to further discussion with external stakeholders.    

The AMS describes the key initiatives required to modernise the UK’s airspace structure, the 

routes that aircraft fly and the procedures that support air navigation. Together, these 

components are referred to as the Airspace System. The UK’s Airspace System dates back 

to the 1960s and is based on the widespread use of three core technologies: 

• Ground-based navigation beacons that serve as the nodes around which the existing route 

network is designed; 

• VHF radio transmissions for voice communications between air traffic controllers and 

pilots; and  

• Primary and secondary surveillance radars used by air traffic controllers to monitor the 

progress of flights. 

These technologies are long-established, their performance is well understood, and they have 

proven to be successful in enabling commercial air transport operations to grow safely and 

efficiently over the past six decades. The growth in air transport peaked in the UK in 2019 with 

approximately 2.6 million flights operating in the airspace. However, at this level of traffic, the 

demand for flights began to reach the capacity of the system to accommodate them efficiently, 

exposing some of the key limitations of the current airspace, for example: 

• Traffic bottlenecks arise where nodes in the route network, linked to the location of ground-

based navigation aids, funnel flights into the same sectors of airspace.  

• Controllers direct aircraft to fly further than necessary at sub-optimal altitudes and speeds 

to manage the bottlenecks. 

• Delays arise in the air, and on the ground at airports, when the demand in a busy sector 

of airspace exceeds the controllers’ capacity to manage the flights.  

 
1 www.ACOG.aero  

http://www.acog.aero/
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• Outbound flights are held down lower for longer after departure to separate them from 

arrivals and inbound flights descend sooner than needed to avoid crossing traffic above. 

When the airspace is busy, these limitations reduce the reliance and punctuality of air transport 

operations, the ability to improve aviation’s environmental performance in terms of emissions 

and the opportunities to better manage the impacts of aircraft noise. The Government and 

aviation sector expect the issues with the current Airspace System to worsen over time as 

traffic levels recover from the effects of the pandemic and continue to grow. Traffic growth 

forecasts carry a degree of uncertainty associated with external factors such as price rises 

and trends in passenger demand. However, the trajectory of the ongoing recovery would point 

to overall growth being resumed and whilst fuel prices are a factor now, the drive to 

decarbonisation and the arrival of fast-developing sustainable technologies to the market will 

work in the opposite direction and underpin growth over the timeframe of the modernisation 

programme itself and the much more extended period over which benefits are to be realised  

Industry analysis indicates the impact of future traffic growth on delays will be substantial if 

the airspace is not modernised. Flight delays are not linearly related to overall traffic volumes 

but owe as much to choke points in the existing airspace system, which, even now, are already 

beginning to make their presence felt again. Traffic will continue to grow if the airspace is not 

modernised, but the operation will become increasingly inefficient. In addition, today’s quieter 

and cleaner modern aircraft will continue to use flight paths that can be longer, lower than they 

need to be and not optimised to reduce their noise impact or offer relief to communities.2 

The concept for modernisation of the terminal airspace 

The delay, inefficiency and noise issues outlined above are most acute in the terminal areas 

of airspace that extend from the ground to c.25,000ft. The terminal airspace is the busiest, 

most complex portion of the system, required to manage high volumes of traffic, climbing and 

descending between individual airports and the upper airspace. As traffic has grown, the 

terminal areas have become an inefficient web of intersecting routes to and from nearby 

airports. Airspace modernisation in the terminal areas is expected to reduce the distance that 

aircraft fly on arrival and departure and enable continuous climb and descent operations. 

Aircraft that climb continuously after take-off can optimise engine thrust, speed and altitude to 

spend more time at efficient cruise levels and reduce the noise energy that reaches the 

ground. With a continuous descent, aircraft can use minimal engine thrust to descend in a low 

drag configuration to reduce emissions and noise on arrival.  

The management of aircraft noise impacts is a complex issue. It is recognised that while 

airspace modernisation may bring a range of benefits for many stakeholders, including 

opportunities to reduce the frequency and intensity of noise events over sensitive areas, new 

routes enabling traffic growth may result in some local noise disbenefits or create new impacts 

in areas that were previously less affected.  Notwithstanding, Government’s environmental 

objective with respect to air navigation and noise is to limit and, where possible, reduce the 

number of people in the UK significantly affected by adverse impacts from aircraft noise. 

 
2 Upgrading UK Airspace, Strategic Rationale, Department for Transport 2017 
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The AMS sets out an innovative and ambitious concept for the modernisation of the airspace 

in terminal areas based on: 

• Implementing a fundamentally more efficient route network designed to advanced 

Performance-based Navigation (PBN) standards that uncouple flight paths from the 

ground-based beacons.  

• Separating the flight paths by design and reducing the volume of crossing traffic so that 

aircraft can climb and descend continuously, independently of traffic on other routes.  

• Operating the flight paths as they are designed so controllers are not required to intervene 

tactically during normal operations to take aircraft off their planned routes.   

• Streaming inbound traffic through speed controls and improving arrival punctuality to 

manage queuing and reduce airborne holding. 

• Connecting air traffic control, airport operators and airlines electronically to share accurate 

information and better sequence traffic flows around the network.  

The development of a future concept of operations for the airspace in terminal areas where 

new flight paths are designed with such refinement that the interactions between routes are 

brought to an absolute minimum, thereby removing routine tactical intervention from air traffic 

controllers, is known as systemisation. In this future concept, rather than relying on air traffic 

control vectoring as flights do today, aircraft would use onboard avionics to fly new routes that 

are designed and operated to a more advanced navigation standard, offering the opportunity 

for more direct routes, quieter flight paths and continuous climbs and descents. One of the 

main goals of systemisation is that all airports in the terminal area can release traffic into the 

network without reference to or dependency on the other airports (a feature known as free 

flow departures). This requires the airspace to have enough capacity to accommodate 

independent flows of outbound traffic from all airports simultaneously during peak hours. In 

the future concept, airspace capacity would be determined by the number of routes available 

rather than the workload of pilots and controllers to manage vectoring instructions and the 

congestion of available radio frequencies (the main constraints on airspace capacity in the 

existing system).  Controllers would use new flight data systems, sequencing tools and digital 

communications to stream the flow of departing traffic and organise arrivals into an efficient 

sequence for landing. The physical dimensions of the airspace will become less of an issue 

because the routes designed to a more advanced navigation standard can be positioned 

closer together where appropriate. Systemisation supports the opportunity to alternate traffic 

across multiple routes, offering some communities the option of planned noise relief if it is 

considered desirable. 

The technology options that support the concept for airspace modernisation in the terminal 

areas, when it is first planned for deployment (between 2025 and 2029) and as it evolves 

(between 2030 and 2040) can be grouped into five areas: 

1. The PBN standards that new routes are designed and operated to. 

2. The introduction of new air traffic systems that improve flight information and automate 

controller tasks. 

3. The use of air traffic tools and procedures to manage arrival delays. 
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4. The use of air traffic tools and procedures that enable time-based operations for the 

sequencing and spacing of traffic on the final approach to landing. 

5. The evolution of aircraft airframes, avionics and flight management systems (FMS). 

A short overview of the technology options in each area is set out in the sections below. 

The PBN standards that new routes are designed and operated to 

The widespread deployment of new routes designed and operated to more advanced PBN 

standards is a technological cornerstone of airspace modernisation in the terminal areas. PBN 

routes predominately use satellite navigation technology, offering far greater accuracy and 

flexibility than routes designed to a conventional navigation standard, which are dependent on 

ground beacons. Significant improvements in airspace capacity and efficiency can be achieved by 

positioning PBN routes that are safely separated, optimised by design and flown without requiring 

routine tactical intervention from air traffic controllers.  

Although PBN routes are designed with the intention of avoiding population centres as far as 

practicable, changes in the distribution and concentration of aircraft noise can have a significant 

impact on the communities that are affected. Recent projects to introduce PBN routes have 

highlighted the challenge of making even relatively small changes to flight paths which can either 

move aircraft into areas that were not previously affected or which are now more intensively 

overflown. The greater accuracy of track keeping and concentration of noise impacts has been 

identified as an important factor in the additional disturbance for some communities. 

In general terms, there are three standards of PBN available to support airspace modernisation in 

the terminal areas that are summarised in the bullet points below.  

• RNAV1 – the basic standard for new routes in the terminal airspace, which refers to the use of 

area navigation (RNAV) with a track-keeping accuracy of +/- 1 nautical mile. Over 98% of the 

commercial air transport fleet operating in the UK’s airspace are equipped to fly RNAV1 routes 

and no dedicated regulatory approval is required for flight crews to use them. RNAV 1 routes 

can be designed using ground-based navigation beacons or satellite navigation systems. A 

wide range of airports across Europe, North America, Australia and the Middle East have 

implemented RNAV1 route networks. In the UK, specific RNAV1 routes are in use at several 

airports including Gatwick, Stansted, Luton and London City, but the overall network is still 

predominantly based on conventional routes that are designed with reference to ground 

beacons.  

• RNP1 – is a more advanced standard for new routes in the terminal airspace, which refers to 

a Required Navigation Performance (RNP) with a track keeping accuracy of +/-1 nautical mile 

and additional avionics functionality to improve precision in the turn, monitor the aircraft’s 

navigational performance and automatically alert the pilot if there is a track-keeping 

divergence. Recent fleet equipage surveys conducted by large UK airports indicate that 

approximately 70% to 80% of commercial air transport aircraft operating in the UK’s airspace 

are RNP1 capable. RNP1 routes are entirely reliant on satellite navigation systems, fully de-

coupling the flight paths from ground beacons. Several European Airports including Schiphol, 

Paris-Charles De Gaulle, Frankfurt and Rome Fiumicino have implemented specific RNP1 

routes to avoid population centres and improve continuous climbs and descents. London 

Stansted is the only airport in the UK to operate with an RNP1 departure route. Figure 1 

illustrates the impact on the distribution of flight paths over the ground following the 
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implementation of a route designed to an RNP1 standard at London Stansted. The chart on 

the left illustrates the distribution of flight paths over the ground with aircraft using conventional 

navigation and controllers intervening tactically to vector traffic. The chart on the right shows 

the distribution of flight paths after the departure route has been upgraded to a RNP1 

navigation standard that is intended to replace the conventional flight path. 

Figure 1: Impact on the distribution of flight paths following implementation of an RNP1 departure route (CAA 2016) 

 

 

 

 

 

 

 

 

• RNP-AR – the most advanced standard specifically for the final approach phase of flight, which 

refers to Required Navigation Performance Authorisation Required (i.e. the authorisation from 

the regulator for the specific flight crew training needed to use the routes), enabling track 

keeping accuracy of between 0.3 and 0.1 nautical miles and the flexibility to fly curved 

approaches. Many aircraft operating in today’s fleet are equipped to use RNP-AR, but the 

regulatory approvals are linked to specific airlines and flight crews operating on specific routes. 

There are currently no RNP-AR routes in use in the UK, so none of the existing fleet is approved 

(although many of the aircraft are adequately equipped). RNP-AR routes have typically been 

used to support arrivals with curved approaches to airports with challenging terrain such as 

Queenstown in New Zealand, Kathmandu in Nepal and Gothenburg in Sweden.  

The lateral distance required between PBN routes to assure safe separation is lower for the more 

advanced navigational standards, offering more design flexibility that is further enhanced by 

greater precision in the turn. Practically all aircraft operating in the UK’s terminal airspace are 

capable of operating on routes designed to an RNAV1 standard. However, there is expected to be 

a portion of the fleet still operating in 2025 that may not have the avionics capability to conduct 

RNP1 operations. Similarly, some aircraft will not be capable of flying RNP AR routes when the 

concept is first deployed and there is an additional cost to the operators because their flight crews 

are required to conduct specialist training and obtain dedicated authorisation from the regulator. In 

practice, this will mean that the airspace structure and route network will need to accommodate 

aircraft with a range of different capabilities. The fleet operating in the existing airspace system 

has a mix of capabilities, and routes are generally designed to accommodate the lower-performing 

aircraft. Controllers intervene tactically to offer higher-performing aircraft more efficient flight paths 

where possible (for example steeper climbs on departure). Airspace modernisation offers the 

opportunity to manage the mix of aircraft capabilities using high-performance and low-performance 

routes and guide the transition of aircraft towards more advanced avionics by setting incentives in 

the airspace design for operators to invest in new technology. Such incentives may be 

accompanied by the introduction of a legal mandate for operators to equip with a particular 

navigation standard in certain volumes of airspace so that the route network can be optimised.       
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Navigation database capacity (memory size) is an important issue for the widespread deployment 

of new PBN routes as part of the terminal airspace concept. There is a limit on the number of 

routes and associated data points that some older FMS databases can hold. This is not an issue 

for some newer aircraft, however, many older aircraft still operating across the fleet cannot be 

upgraded easily. Some operators must strictly tailor the available sets of routes in their databases 

according to the geographic areas in which they are flying so that they meet the FMS memory 

constraints. Some systemised airspace design options that offer the potential to mitigate the 

impacts of aircraft noise could be constrained when the terminal airspace concept is first deployed 

due to this lack of FMS storage capacity across a portion of the fleet.  

New air traffic systems that improve flight information and automate controller tasks 

NATS, the UK’s licensed Air Navigation Service Provider that is responsible for air traffic 

management in the terminal and en-route airspace, is upgrading the flight data processing (FDP) 

systems used by its controllers to monitor the progress of flights and intervene where required. 

The new generation of FDP systems offers controllers significantly more flight information, shared 

across national boundaries and automate some routine tasks so that they have more time and 

more options to manage the flow of traffic across the network. NATS expects the new generation 

of FDP systems will increase airspace capacity by up to 40% without compromising safety. This 

means that potential congestion spots can be highlighted in good time and, instead of asking flights 

to make potentially lengthy detours as they approach a busy sector, from a good distance away all 

aircraft in the airspace can be set on their optimum routes to ensure they pass others at safe 

distances on their way to their destinations. The FDP upgrades are a complex, multi-year 

programme with large-scale IT transformation, systems integration and controller training phases. 

Some of the FDP systems used to manage traffic in the en-route phase of flight were upgraded 

between 2015 and 2019, demonstrating the benefits of the advanced functionality. The systems 

used to manage traffic in busy terminal areas will be subject to a series of upgrades between now 

and 2030. Once complete, the upgrades to FDP systems used by controllers in the terminal 

airspace are expected to significantly increase airspace capacity and efficiency by improving the 

accuracy of forecast flight positions, profiles, route adherence and potential conflicts. The new 

route network for the terminal airspace is expected to be deployed alongside the existing FDP 

systems that have been in use for many years to ensure the technology platform is stable while 

the airspace structure is changing. However, the concept is designed to maximise the potential 

benefits of the new FDP systems, which are expected to enter full operational service after the 

new route network for the terminal airspace is deployed.  

Tools and procedures to manage arrival delays 

Orbital holding stacks are used in the existing terminal airspace to absorb arrival delays that arise 

when the demand for an airport’s runway exceeds the available capacity. Traffic inbound to the 

terminal airspace does not usually arrive in an efficient order for landing. The stacks are used to 

create a pool of inbound aircraft that can be streamed by controllers to deliver an efficient flow of 

traffic onto the runway. Whenever aircraft cannot proceed to land immediately, flights enter at the 

top of the stack – usually at around 11,000ft. or 12,000ft. before gradually spiraling down to 7,000ft. 

In the existing airspace system, this has proved to be an effective method to maintain high runway 

throughput but is not environmentally efficient, creating excess emissions and noise impacts. The 

concept for modernisation of the terminal airspace relies on the greater use of arrival management 

tools and procedures that enable aircraft to absorb delays during the en-route phase of flight, using 
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accurate speed controls, and stream traffic into an efficient order for landing before they arrive at 

lower altitudes. One of the main goals of arrival management tools is to reduce the reliance on 

stacks so that the large volumes of airspace they accommodate at medium and lower altitudes can 

be used to optimise the route design. Some form of airborne holding will always be necessary to 

support the streaming of inbound traffic for landing and to manage resilience issues, such as 

unexpected runway closures, but as part of airspace modernisation, these may be at higher 

altitudes or in more efficient configurations - such as a linear hold. Linear holds work by keeping 

all aircraft at the same level but horizontally separated using accurate PBN routes. At the right 

moment in the arrival sequence, each flight is vectored off the linear hold and onto the final 

approach to landing, as illustrated in figure 2. 

Figure 2: Illustration of example linear holding configurations (NATS 2016) 

 

The altitude at which a linear hold can be designed is typically much higher than a traditional stack 

(up to 20,000ft) and therefore quieter for people living underneath. Arrival management tools and 

procedures have been in operation for traffic inbound to Heathrow and Gatwick for several years, 

although the airspace has not been redesigned to optimise the use of the tools. Further 

development is planned by NATS (working closely with the airlines and airports) to enhance the 

capability of the tools (increasing their range, functionality and the amount of delay that can be 

absorbed) and integrate the existing procedures into the modernised airspace structure and route 

network.    

Tools that enable time-based operations for sequencing and spacing 

Once flights leave the orbital holding stacks and begin the intermediate and final approach, they 

must be organised by controllers into an efficient sequence for landing. From the operators’ 

perspective, an efficient sequence is one where aircraft are safely spaced at an optimal distance 

so that the runway is fully utilised (there is minimal redundancy) and the aircraft is not delayed in 

the air for longer than necessary. It may be some years before aircraft can arrive at an airport ‘just 

in time’ so in the meantime controllers focus attention on ensuring that runway capacity is not 

wasted with unnecessary gaps. In the existing system controllers create and maintain the arrival 

sequence using vectoring – some aircraft are given longer flight paths, and some shorter, so that 

the spacing between them when they line up for the final approach is optimised. This method 

creates a degree of variability in the tracks flown by aircraft at lower altitudes from the hold to the 

final approach with the potential to create emissions and noise impacts across a wider area. 
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However, feedback from community stakeholders participating in a recent airspace change 

proposal for traffic inbound to London Luton airport highlighted that many people stated a 

preference for the spreading of noise impacts via track variability generated by vectoring – 

especially when considered alongside an option for noise concentration created by the introduction 

of a PBN arrival route.   

The concept for modernisation in the terminal airspace includes the option for greater use of 

technologies that enable time-based operations (TBO). One of the main goals of TBO is to 

organise the arrival sequence some distance from the airport at higher altitudes, where it is 

generally more efficient, and thereby reduce the need for stack holding and vectoring at lower 

altitudes. A coordinated approach to the management of inbound traffic flows, using accurate 

target times for flights to arrive at specific points in the network, enables controllers to create an 

initial sequence and tackle common issues that generate inefficiency in today’s system, such as 

aircraft arriving from multiple directions, variations in aircraft performance and the effects of the 

weather on airspeed. Controllers can offset and stagger arrivals in response to the operational 

conditions, reducing the spacing between aircraft and the size of the areas between the hold and 

final approach that may be subject to overflight from vectoring. Over the long term as TBO 

technology develops and is more widely adopted, controllers and pilots may be able to manage 

the arrival time of most flights within a few seconds, enabling aircraft to land without the need for 

any airborne holding or sequencing in routine operations. 

Aircraft airframes, avionics and flight management systems  

The best way for new technology to mitigate the impacts of overflight noise is to reduce the 

production of the noise at source. Aircraft manufacturers are most able to influence noise at source 

by deploying new technologies that modify the design of the airframe, the performance of the 

engines and the level of flight efficiency that can be delivered by modern avionics. NATS and the 

airports that are sponsoring major airspace changes in support of the AMS are working closely 

with aircraft manufacturers to understand the timescales for airframe and avionics developments 

across the fleet. It is clear that a portion of the fleet operating at the time that the terminal airspace 

concept is first deployed will not have the airframe or avionics capabilities needed to maximise the 

performance of the new route network and that further benefits will be released over time as the 

technology used across the fleet evolves. In practice, there will be a transition period of several 

years where the route network must accommodate a mixed capability fleet, potentially with different 

route options that are optimised for different levels of performance. We expect this transition period 

to extend for 10 to 15 years. 

The application of technology options to optimise departure routes 

In addition to reducing noise at source, the application of new technologies that support airspace 

modernisation can reduce the amount of noise that reaches the ground. A very effective way of 

reducing the noise that reaches the ground is to increase the altitude of aircraft during the arrival 

and departure phases. Continuous Climb Operations (CCO) allow outbound aircraft to optimise 

their departure routes by levelling off less often and at higher altitudes. Aircraft applying CCO 

configure their engine thrust and climb rate to reach cruising altitudes as quickly and efficiently as 

possible, without intermediate portions of level flight.  The application of CCOs is often held back 

by today’s rigid network design. Ideally, all outbound flights would climb through the terminal 

airspace quickly and continuously reaching higher altitudes as soon as possible. However, in the 

existing system flights routinely level off at lower altitudes, interrupting their climbs, to avoid 
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crossing traffic. The deployment of new routes designed to an appropriate PBN standard is 

expected to minimise the interactions between traffic flows in the terminal airspace to achieve 

continuous climbs. The use of PBN routes also offers greater precision and flexibility to manage 

the noise impacts of departure routes at lower altitudes. Figure 3 illustrates the differences in the 

route network design expected following the airspace modernisation. The left side illustrates some 

of the existing flight paths in use above London and the Southeast at a busy time on a typical day. 

The right side illustrates how a modernised route network is envisaged to look, with flight paths 

separated by design, more continuous climb profiles, and less crossing traffic and vectoring.  

Figure 3: Illustration of the route network evolution expected following airspace modernisation (NATS 2019) 

 

 

 

 

 

 

 

 

Although all new PBN routes will be separated by design laterally, when the terminal airspace 

concept is first deployed, it is envisaged that the vertical separation between the new departure 

routes will be achieved by controllers tactically optimising the climb profiles for each outbound 

flight. Otherwise, the vertical constraints attached to each departure route would need to be overly 

broad to account for the differences in climb performance and the capability of the aircraft avionics 

across the fleet. In general, the vertical navigational capability of aircraft in the commercial air 

transport fleet is not as advanced as the lateral and longitudinal capability. Horizontal navigational 

accuracy using satellite technology is highly precise. However, vertical navigational accuracy is 

still largely dependent on barometric altimetry (onboard instruments measuring the air pressure to 

determine an aircraft’s altitude) that is less systemised and requires larger buffers. As the capability 

of the fleet matures over the next 10 to 15 years and the vertical constraints associated with each 

departure route can be narrowed, tactical support from controllers may be removed. In the short 

term, ACOG is examining a range of technical options to remove portions of level flight from the 

existing departure routes that serve UK airports and is engaging with controllers, airspace design 

consultants and airlines to identify practical opportunities to increase the application of CCOs. 

New PBN routes must be designed to meet certain criteria that ensure all aircraft required to use 

them can do so in all scenarios. It is possible to ‘weave’ routes around noise-sensitive areas but 

operational limits on the turn radius and proximity of successive turns mean that the granularity of 

the ‘weave’ is inevitably limited. For example, if two noise-sensitive areas are close to one another, 

avoiding one may necessitate overflight of the other and vice versa. In general, the further from 

the runway, the more flexible route designs can be. However, closer to the runway and at lower 

altitudes, aircraft can be less manoeuvrable and routes naturally converge to or diverge from the 

runway – these factors reduce design flexibility. 

Generally, if successive departures follow the same initial track, they must be separated by two 

minutes, creating limitations on runway utilisation. In the existing system, if routes designed to a 

conventional navigation standard diverge by an angle of more than 45 degrees shortly after take-
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off then the time between successive departures can be reduced to as low as one-minute, 

maximising runway throughput. The requirement for a minimum 45-degree angle of divergence to 

achieve one-minute departure separations is a significant limitation on the flexibility of the airspace 

design. Routes designed to a PBN standard offer the opportunity to reduce the angle of 

divergence, increasing the range of potential flightpath options available to serve the terminal 

airspace concept. Further work is currently being conducted by the industry and regulator to 

determine the minimum angle of divergence that is safe subject to certain criteria and design 

standards. It will take some time to determine the minimum standard and ensure that the safety 

arguments upon which it is based are robust. However, it is expected that the technology options 

that enable reduced angles of divergence on departure can increase the potential for respite 

arrangements and multiple track configurations to disperse noise and share impacts as part of the 

airspace change proposals being developed between now and 2026.  

The application of technology options to optimise arrival routes 

Similar to outbound traffic, arriving flights would ideally descend continuously to the runway with 

minimal engine thrust and drag, but in the existing system, inbound traffic is routinely directed into 

orbital holding stacks and then vectored, following a ‘step-down’ descent to the final approach. 

During a conventional ‘step-down’ descent, an aircraft advances towards an airport via a series of 

extended level segments. To descend, the pilot uses flaps and/or speed brakes to increase drag 

and slow the aircraft, increasing the rate of descent. When the aircraft levels out, the pilot applies 

power to maintain the assigned altitude and speed until they are granted permission from the 

controller to descend to the next lower altitude. The additional thrust used for step-down descents 

can significantly increase the noise impact on communities. 

The deployment of new routes designed and operated to a PBN standard offers the potential to 

achieve systemised continuous descent operations (CDOs). CDO is achieved when an arriving 

aircraft descends from altitude and avoids prolonged level flight, thus navigating a smoother 

descent profile. To achieve this the aircraft will follow the PBN route to descend at the rate judged 

to be best suited to the achievement of continuous descent whilst meeting the required speed 

control (that may be informed by the use of TBO tools). During a CDO, an aircraft tends to stay 

higher at most stages of the descent compared to a conventional approach. This type of descent 

generally requires less power than a conventional step-down descent. If the PBN arrival routes are 

designed as CDOs then ultimately every aircraft that flies the routes will follow exactly the same 

optimised descent profile.  

When the terminal airspace concept is first deployed with new PBN arrival routes, it is likely there 

will still be a swathe pattern of air traffic created at some point on the approach path as a 

consequence of some vectoring. However, that swathe will likely be smaller than today as there is 

a prescribed route centerline to use until vectoring is required (for example vectoring may be 

restricted to one route segment), a defined path to aim for when intervention has been necessary 

and, importantly, a defined path to use during periods of lower arrival demand. The latter is 

particularly important when considering the use of relief or respite routes for arrivals when the 

demand is lower. For example, at night the ability to use PBN arrival routes more rigidly is much 

more likely. 

Multiple PBN arrival route options could potentially be used to provide noise relief or respite for 

communities. Multiple route options may follow the same trajectory (and CDO) but be separated 

from one another by a sufficient lateral distance to deliver a meaningful reduction in the noise 

impact for affected communities when arrivals are rotated between them. The lateral distance 

between multiple route options is dependent on the altitude of the aircraft. For example, for traffic 
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at 3000ft. the UK CAA estimate’s that multiple route options should be separated by at least 2km 

to deliver a meaningful reduction in the impact of noise. At 5000ft. the lateral distance increases to 

c.3km. There are several technical challenges associated with the deployment of multiple arrival 

route options that require further work to resolve, linked to: 

• Aircraft FMS capacity across the fleet in operation to store the flight data associated with the 

multiple route options, potentially deployed for multiple runway ends at multiple airports.  

• The controller training and system changes required to alternate between the route options. 

• The safety risks (and the effectiveness of the necessary mitigations) associated with errors 

that may lead to the wrong route being followed at the wrong time.    

• The impact on runway capacity and throughput if some vectoring is still required on arrival to 

create an efficient sequence for landing.  

• The arrangements for alternation between the routes that deliver predictable relief from aircraft 

noise and the potential for impacts to be generated in areas that were previously less affected.  

These challenges reduce the likelihood that the concept for modernisation in the terminal airspace 

will include large numbers of multiple arrival route options when it is first deployed. As additional 

flight path options and operating restrictions are introduced, the level of complexity can increase 

and predictability can reduce. The effectiveness of the safety assurance processes required to 

support the implementation of multiple route options is critically important if the potential benefits 

are to be realised as the new technologies and procedures mature.    


