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EXECUTIVE SUMMARY 

INTRODUCTION 
In March 2005 Airplan delivered a report to SACF assessing the performance of LTOP 
since its introduction in 1996 (“the Report”). 

After a comprehensive review of the Report, SACF provided detailed comments which 
were to be addressed in a supplementary report. 

This Supplementary Report is in two parts: 

1. The first part includes a comprehensive list of recommendations, drawn from 
the conclusions of the original report.  

2. The second part is an addendum which clarifies and expands on specific 
issues. An example of this is a discussion of the concept of “delay” which is 
central to the requirement for Airservices Australia to use noise sharing where 
possible without causing “excessive” delays. 

TERMS OF REFERENCE AND ISSUES ADDRESSED 
The terms of reference for the original report required the consultant to: 

1. Determine the level of noise sharing being achieved in separate noise sharing 
periods; 

2. Determine the usage of the modes used in noise sharing periods and ascertain 
the operational constraints; 

3. Assess what can be done to overcome or mitigate the above constraints;  

4. Assess likely future trends; and 

5. Assess the potential for increasing noise sharing in the core periods. 

The list of issues to be addressed in this supplementary report, with cross-reference 
back to the original report, is provided in Appendix A. 
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1. RECOMMENDATIONS 

1.1 INTRODUCTION 
The overall implementation of LTOP in accordance with the Ministerial directive 
was reviewed in this study. Community concerns on the reported aggregate flight 
distribution by quadrant as a measure of noise sharing are acknowledged. On an 
objective level the performance was assessed as reasonable, within the terms of 
reference of this study and considering the inherent complexity of air traffic flight 
paths allocation and current global air traffic control systems and procedures. 

No simple solutions were found to improve LTOP noise sharing within the 
constraints of: 

• Priorities of safety, capacity and noise sharing 

• Airport and flight path locations relative to the city 

• Layout of the airport 

• International, domestic and regional roles of the airport 

• Demand and mode capacities 

• Weather patterns 

• Conflicting stakeholder issues and requirements. 

However, as a result of the assessment, it is recommended that SACF consider 
the following initiatives for implementation: 

1. More explicit mode change guidelines 

2. Controller training 

3. Improvements to performance reporting and journal entries 

4. Appointment of an Assistant to the Air Traffic Manager 

5. Encouragement of a “continuous improvement” culture 

6. Regular external audits 

7. Ongoing review of “High and Wide” and other initiatives through  IMC. 

These recommendations are outlined in more detail below. 

1.2 MODE CHANGE GUIDELINES 
It is recommended that Airservices Australia consider development of more 
comprehensive guidelines on noise sharing parameters and reasons, rather than 
simply mode priorities. This could be done in conjunction with development of 
enhanced Decision Support Systems and associated tools (see Section 1.4). 

Guidelines could include parameters that warranted mode change for noise relief 
purposes. For example, where demand and conditions allowed, a change to 
another suitable mode that could be sustained for at least two hours might justify 
the exercise.  
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1.3 ONGOING TRAINING 
It is recommended that Airservices consider whether improvements can be made 
to existing training, to ensure ongoing controller acquaintance regarding the legal 
environment governing operations at Sydney Airport and the imperative to tailor 
conventional practices to accommodate improved noise sharing solutions. 

1.4 ENHANCED REPORTING 
The assessment found reporting of LTOP mode changes on a cumulative basis 
was comprehensive, with published public monthly reports of between 30 and 40 
pages. 

If these are maintained in a standard format and there is clearer correlation of 
movement data and short interval meteorological data, this could be of 
assistance in understanding daily mode usage, and seasonal and annual trends. 

Scrutiny of these reports by the Airservices Australia management with direct 
LTOP implementation responsibilities, and the SACF IMC and its technical 
support staff, will permit them to form a view on achieved and achievable noise 
sharing mode capacities and monitor demand and usage against these. 

Future trends in terms of increased demand, without any clear technical or 
operational opportunities for noise sharing mode capacity increases, will likely 
reduce the opportunities for increased noise sharing in core periods. 

At the micro level, it was found that some journal entries from which these reports 
are produced, are comprehensive and often need no further explanation while 
some other entries could be explained to provide a better understanding of the 
rationale behind a mode change or delay. For example; “Reason for Delay: Wind” 
and “Explanation Wind and Weather if LTOP is not used at 11.00: 030/12” in one 
entry. These conditions may well affect operations but do not sufficiently explain 
why an LTOP mode could not otherwise be used.  

Improved journal recording, including comprehensive reasons for/not 
implementing mode change, for either noise sharing or relief, in core hours or 
noise sharing hours is appropriate. Entries such as ‘due traffic’, or ‘due weather’ 
may not constitute an adequate level of information for third parties to review and 
monitor. 

The use of codes (similar to those used for on-time performance monitoring by 
airlines) could make it easier to spot trends and further investigate and correlate 
with potential underlying causes. 

It is recommended that these improvements to reporting are considered in 
conjunction with data structures and formats that may be developed for enhanced 
Decision Support System tools as discussed later in this section. Journal entries 
which are easily transferred to a searchable database, will facilitate standard and 
ad-hoc reports for internal and external audit purposes. 

It is understood that since the tabling of the Airplan report, Airservices Australia 
have provided more detail in journal entries on which regular reports prepared for 
the SACF IMC are based. 

Information was provided, where supplementary reports have been provided to 
IMC, for 4 days randomly selected in each of November and December 2005. 
Based on the Daily Mode Usage chart, when mode changes were not made at 
the nominated LTOP time, a “plain English” explanation of the reason for the 
delay in mode change was provided. 
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Journal entries recently provided by Airservices Australia included the following 
fields: 

• Date  
• Time of Change (Local) 
• Mode before Change 
• Mode after Change 
• Arrivals 30 min before Change 
• Departures 30 min before Change  
• Total Arrivals and Departures 30 min before Change 
• Comment 

This type of reporting facilitates a simplified first-cut review of demand/capacity 
constraints on mode usage. 

The comments field provide further information. For example when a change was 
only made at 12:34, the comment next to the entry states “planned to carry out 
change at 1125 but too many requests for 16R, too much complexity”. 

Further refinement to reports, which will also enable an efficient and effective 
audit process, could be linked to Decision Support Systems (DSS) that assist in 
the mode change decision process. 

The decision for a mode change should still rest with the Traffic Manager, with 
input from the DSS. Should the Traffic Manager not go with the recommendation 
from the DSS, an exception report should be filed in the system, explaining the 
decision.  

The decision to effect a mode change is “multi-variable” and very complex. It is 
for these types of processes that DSS are effective.  

It is understood that Airservices Australia has the basic elements of a DSS in 
their TARDAS1 (The Advanced Runway Decision Advisory System) which should 
be further developed into such a tool. It would not be unreasonable for 
Airservices Australia to develop a detailed scoping and outline design for their 
own internal approvals process before the end of this year. 

1.5 ASSISTANT TO TRAFFIC MANAGER 
If the Traffic Manager position is unable to exercise more comprehensive 
attention to noise sharing reporting issues (perhaps not unreasonably, due to 
other important watch keeping duties), it is recommended that assignment of an 
administrative assistant for such purposes should be considered. 

1.6 CONTINUOUS IMPROVEMENT CULTURE AND TARGETS 
Many service organisations with performance goals will use incentive systems for 
operational staff to meet continuous improvement targets. There would be real 

                                                 

1 As part of the scoping, a review of the usage of such tools, including the Preferential 
Runway Advisory System (PRAS) in use at Boston Logan Airport in the U.S. should be 
undertaken. PRAS is a computer program that recommends to the FAA air traffic 
controllers runway configuration options that both will meet weather and demand 
requirements and will provide an equitable distribution of the airport's noise impacts on 
surrounding airports. 
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2.2 MODE USAGE TARGETS 

Section 2.2.3 of the Report discusses annual noise sharing by time and 
movements. Paragraph 6 on Page 15 should be corrected to read: 

There was a community expectation that the examples of mode usage in the 
1996 LTOP report were originally to be used as targets and that there would be 
some correlation between those in the study and the actual mode usage, as a 
measure of noise sharing. These expectations are not being met. 

2.3 AUDIT OF MODE USAGE AND SPECIFIC CONSTRAINTS 

Section 3.3 of the report discusses analysis of potential constraints to the use of 
noise sharing modes during noise sharing periods. With the available data in the 
current format, the task of reporting on percentages of instances of the causes of 
constraints to noise sharing, e.g. percentage when demand prevented noise 
sharing modes being used or when weather prevented mode usage, would have 
been a labour intensive process. However, some sample statistical analysis was 
undertaken in an audit role. A more systematic process is suggested in Chapter 7 
of the Report and in the Section 1.4 of the Recommendations in this Supplement. 

2.4 POTENTIAL FOR SMOOTHING OF DEMAND 

The slot scheme operating at Sydney Airport is designed to assist in the 
smoothing of demand6. This should both reduce runway delays, maximize the 
capacity of any specific runway mode and hence the opportunity for noise sharing 
where the noise sharing modes have the capacity to meet demand. 

However, the airport system (airways, runways etc) is a complex multi-variable 
non-linear dynamic real-time system and its operational processes are different to 
those for a mechanical assembly line type system where the timing of all process 
points and input/outputs is much more predictable. A real-world air traffic system 
must constantly adjust for stochastic (unpredictable) delays and a slots scheme is 
but one mechanism to assist in improving flows, as is MAESTRO7. It cannot, 
however, change the innate characteristics of the system. 

The Air Traffic Management system (ATM) provides a set of services to ensure 
the safety and efficiency of air traffic flows. Advanced ATM systems, as used by 
Airservices Australia are very complex and must8: 

- Accommodate growing numbers of users with different capabilities and 
requirements 

- Achieve exceptional levels of safety under close scrutiny from the public 
and the mass media 

                                                 

6 See Appendix C for further information on Slot Management at Sydney Airport. 

7 MAESTRO is an ATC flow control tool used by Airservices Australia to assist in 
optimization of the aircraft arrival stream (see also Section 2.5.5). 

8 “Airport Systems Planning Design And Management”, Richard de Neufville, Amedeo R 
Odoni, McGraw Hill, 2003, p500. 
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- Mesh seamlessly a large labor pool of skilled human operators (the air 
traffic controllers and other technical staff) with a network of computers 
and other sophisticated communication surveillance, and navigation 
equipment 

- Take advantage of technological developments, while evolving gradually 
to allow users to keep pace with the rate of change 

- Accomplish all this at reasonable cost to service providers and users. 

The complexity of this ATM system can be gauged from the description of the 
interaction between six major components9: 

- The procedures and regulations according to which the ATM system 
operates and the organization of airspace around airports and en route 

- The human air traffic controllers, who are responsible for providing ATM 
services 

- The automation systems (e.g., computers, displays, and special purpose 
software) that provide information to the controllers on the status, location, 
and separation of aircraft in the system and assist them ("decision 
support”) in processing safely and expediting the flow of traffic 

- The communications systems that enable air ground, ground-ground, and 
air-air voice communications and data exchange and sharing 

- The surveillance systems (e.g. radar) that provide real time positional 
information to air traffic controllers and, possibly, to the cockpit for 
tracking aircraft and hazardous weather 

- The navigation systems that provide real time information to individual 
aircraft on their own position so they can navigate through airspace and 
on the airport surface 

While the systems in operation in Australia are among the most advanced in the 
world, significant efforts are still underway to further increase efficiency and 
automation to handle to continued growth in air traffic worldwide10. 

“Eventually, automation aids for controlling arrivals, surface traffic, and 
departures will be merged into a single integrated system. However, achieving 
such integration is far from simple, because of: 

- The interactions among the various flows involved (optimizing one type of 
flow usually has negative consequences for the other flows) 

- The difficulty of predicting accurately (even a few minutes into the future) 
the time and location where critical events (such as the exit of an arriving 
aircraft from the runway) will occur.” 

                                                 

9 ibid, p501 

10 ibid, p551 
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Slot control is one form of reducing delays in the congested air traffic system, 
generically categorised as “Demand Management”. Because of the inherent 
uncertainties in the air traffic flows (even when demand management is in place) 
this must be coupled with air traffic flow management. The overall development 
of Advance Air Traffic Flow Management (ATFM) systems has already had an 
enormous impact on air traffic management and airport operations. Enhanced 
ATFM systems include organisational, human resource and automation 
initiatives, some of which are listed below: 

- Enhanced Traffic Management Systems (ETMS)  

- Centralization of flow management in a Central Flow Management Unit 
(CFMU) 

- Ground delay programs 

- Collaborative decision making 

- GPS-based navigation 

- Automatic dependent surveillance (ADS) 

- Digital communications 

- Weather data 

- Automation and decision-support systems. 

Complex and detailed studies of various elements of the ATM system are being 
undertaken to understand and improve the processes. A recent study focused on 
the departure operations at Boston Airport, where the aircraft movement process 
is described as a controlled interactive queuing system. The interactive various 
elements are shown diagrammatically11. 

 

                                                 

11 Figure 3.9 of PhD thesis by H R Idris, “Observation and Analysis of Departure 
Operations at Boston Logan International Airport”, MIT, February 2001. 
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“Finally, it should be emphasized that ATFM operates in an extremely difficult 
decision-making environment, which can be described as information intensive, 
inherently stochastic (i.e., subject to uncertainty), and highly dynamic. As 
indicated above, ATFM receives and processes large amounts of information 
every day and must decide what part of that information is relevant to support 
flow management and what specific data are needed at each level of decision 
making. Key parameters describing future operating conditions, such as the 
available runway capacity at an airport, are often subject to a high level of 
uncertainty, even on a time horizon of less than 1 h, due to their dependence on 
unpredictable or partly predictable variables, such as the incidence and intensity 
of fog or of thunderstorms. Moreover, operating conditions change constantly 
during the course of each day. To operate well in this challenging environment, 
ATFM must adopt strategies that take into consideration the level of uncertainty 
associated with key parameters and are flexible so they may be easily revised as 
new information becomes available. Even the best trained human operators must 
be assisted in their tasks by well designed, computer based decision support 
systems (DSS)”12. 

2.5 DEFINITIONS OF DELAY 

LTOP mandates the use of noise sharing modes should occur where possible 
without causing “excessive” delays. 

SACF have requested further comment on the definition of delay and thresholds 
where delay is considered “excessive”. 

Delays to aircraft can be caused on the ground or in the air. They can be due to 
adverse weather, airspace or airport congestion, facility or equipment failure or 
outage reducing capacity, or a range of emergency conditions. 

The material below has been drawn from a number of referenced sources and 
gives a broad overview of the causes of delay and performance thresholds. 

2.5.1 Definition of Airspace and Airfield Capacity and Delay  
“Capacity13 is a measure of processing capability and is quantified by the number 
of aircraft operations that can be processed during a specific unit of time, such as 
an hour or an entire year.  Delay is calculated in terms of average minutes of 
delay per aircraft arrival and/or departure during various weather conditions, 
using Instrument Flight Rules (IFR) procedures or Visual Flight Rules (VFR) 
procedures. 

The “ultimate” capacity of an airfield system is the theoretical maximum number 
of continuous aircraft operations that an airfield can accommodate during a 
specified interval of time. On a practical level: 

                                                 

12 Airport Systems Planning Design and Management, Richard de Neufville, Amedeo R 
Odoni, McGraw Hill, 2003, p500. 

13 From Section 2.3 of The Bay Area Regional Airport Capacity and Delay Study (2001) 
Metropolitan Transport Commission accessed at http://www.mtc.ca.gov/planning/air_plan/index.htm 
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- Airfields experience peaking patterns where two or more aircraft often 
need to use the airfield at the same time, which will result in at least one 
aircraft experiencing slight delays.   

- During peak periods, demand may exceed capacity; in these cases the 
aircraft will queue and wait until a landing or takeoff slot is available.   

- It is rare for flights from all over the world to approach or depart an 
airspace in perfect and continuous sequence without any delay.   

Thus, delays can determine the capacity of an airfield and an airspace network.  
Practical capacity is the number of aircraft operations that can be accommodated 
during a specific interval of time corresponding to a tolerable level of average 
delay.  Acceptable flight delay may vary between different airports, but experts in 
the aviation industry agree that facilities and airspace can perform adequately 
with an average annual delay of 3 to 5 minutes maximum per aircraft.” 

2.5.2 The 5 minute average delay metric 
“Experience shows that delay increases gradually with rising levels of traffic until 
the practical capacity of an airport is reached, at which point the average delay 
per aircraft operation is in the range of 3 to 5 minutes.  Delays increase rapidly 
once traffic demand increases beyond this level.  An airport is considered to be 
congested when average delay exceeds 5 minutes per operation.  Beyond this 
point delays are extremely volatile, and a small increase in traffic, adverse 
weather conditions, or other disruptions can result in lengthy delays that upset 
flight schedules and impose a heavy workload on the air traffic control system.14” 
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14 Quoted in U.S Department of Transportation, Federal Aviation Administration Report to 
Congress, National Plan of Integrated Airport Systems (1998-2002), March 1999. 

Sydney Airport Long Term Operating Plan (LTOP) 14 
Supplement - Recommendations and Addendum 10063r02f - ltop performance - supplement.doc/Dnc–10/04/06 



Delays above 5 minutes affect airline schedule integrity and can create extensive 
passenger inconvenience when flights are cancelled or diverted.  When the 
airport is operating at reduced capacity, a large share of all arriving flights will be 
delayed or cancelled, and delays can typically average an hour or more, with 
frequent flyers routinely experiencing two to three hour delays. 

2.5.3 General Causes of Airfield Delay 

Airfield delays have been grouped into five general categories by the U.S. 
Bureau of Transportation Statistics (BTS)15:  

1. Weather: the presence of adverse weather conditions affecting 
operations. This includes wind, rain, snow/ice, low cloud ceilings, low 
visibility, and tornado/ hurricane/thunderstorm.  

2. Equipment: an equipment failure or outage causing reduced capacity. 
Equipment failures are identified as to whether they are FAA or non-FAA 
equipment, and whether the outage was scheduled or unscheduled.  

3. Runway/Taxiway: reductions in facility capacity due to runway or taxiway 
closure or configuration changes.  

4. Traffic Management Initiatives (TMI): national or local traffic management 
imposed initiatives, including ground stops/delays, departure/en route 
spacing, fuel advisory, mile/minutes in trail, arrival programs, and airport 
volume. (TMI can be considered a subset of the 5 categories Weather, 
Equipment, Runway/Taxiway, Volume and Other).  

5. Other: emergency conditions or other special non-recurring activities such 
as an air show, VIP movement, or radio interference. International Delays 
are also included in this category. 

2.5.4 Airfield Performance Standards 

There is no single universally applied standard of acceptable delay in the airport 
industry. Various industry groups, aviation textbooks, and aviation scholars have 
attempted to define what is considered acceptable delay, however, these 
estimates vary and are constantly changing. The level of acceptable delay varies 
by airport, depending on a variety of factors including: demand/peaking 
characteristics and the type of service (hub versus non-hub; international versus 
domestic; commuter versus air carrier). Some airfield performance standards 
from a number of internationally recognized sources are discussed below. They 
attempt to define ranges of acceptable delay. These include the Federal Aviation 
Administration (FAA) in the U.S., the American Association of Airport Executives 
(AAAE) in the U.S., course notes from a world authority on airfield capacity and 
modelling (Professor A Odoni of M.I.T.), a paper by Pitfield and Jerrard of 
Loughborough University in the U.K., and one of the classic texts on airport 
planning and engineering (Ashford and Wright). 

                                                 

15 From U.S. Bureau of Transportation Statistics Web site, page on Air Traffic Activity and Delay 
Data, accessed on 9/3/2006 at 
http://www.bts.gov/programs/statistical_policy_and_research/source_and_accuracy_compendium/air_traffic_delay.html

Sydney Airport Long Term Operating Plan (LTOP) 15 
Supplement - Recommendations and Addendum 10063r02f - ltop performance - supplement.doc/Dnc–10/04/06 

http://www.bts.gov/programs/statistical_policy_and_research/source_and_accuracy_compendium/air_traffic_delay.html


(1) The U.S. Federal Aviation Administration (FAA) 

The FAA reports on airport delays of 15 minutes or more. This threshold is 
suggested as a significant delay which will have immediate impacts on airline 
aircraft scheduling, especially at hub airports. The FAA uses this threshold as a 
guide to identifying capacity shortfalls at airports in the U.S. 

(2) American Association of Airport Executives 

The American Association of Airport Executives (AAAE) states in their 
Accreditation Module16 “delay increases gradually with rising levels of traffic until 
the practical capacity of an airport is reached, at which point the average delay 
per aircraft operation is in the range of four to six minutes. If traffic demand 
increases beyond that level, delays increase at an exponential rate." 

(3) Odoni's Quoted Performance Standards 

M.I.T. hosts an annual Airports Systems Strategic Planning and Detailed Design 
Short Course that is attended by U.S. and international government agencies, 
airport professionals, and consulting firms. Professor A Odoni17 of M.I.T. teaches 
the Airfield Capacity portion of the course. In this course he suggests the 
following performance standards: 
1. Aggregate Measures: 

Average delay per movement during typical weekday of peak month 

Average delay per movement over all annual operations during normal operating 
hours (e.g. 07:00 - 22:00) 
Typical thresholds: 2-5 minutes 

2. Distributive Measures: 
Average delay during the peak hour of the "90-percentile day" of the year (36th 
busiest) 
Typical thresholds: 15 minutes 

Percentage of landings which are delayed more than X minutes during the year 
Typical thresholds: 2-4%; 15-20 minutes 

The course notes have now been incorporated in a textbook - "Airport Systems: 
Planning, Design, and Management". The complexity of measuring runway 
capacity and delay is indicated by the devotion of 3 chapters on related topics in 
the textbook - Chapter 10 - Airfield Capacity, Chapter 11 - Airfield Delay and 
Chapter 12 - Demand Management. 

                                                 

16 American Association of Airport Executives Accreditation Module, Airport Capacity and 
Delay, developed by Stephen M. Quilty, A.A.E., Bowling Green State University, Ohio, 
USA 

17 Amedeo R. Odoni, Professor of Aeronautics and Astronautics and of Civil and 
Environmental Engineering at M.I.T.   

Sydney Airport Long Term Operating Plan (LTOP) 16 
Supplement - Recommendations and Addendum 10063r02f - ltop performance - supplement.doc/Dnc–10/04/06 



(4) Pitfield and Jerrard of Loughborough University 

A paper by Pitfield and Jerrard of Loughborough University in the U.K.18 suggests 
other definitions of capacity in "an attempt to more closely relate actual and 
possible air traffic movements to existing infrastructure and air traffic control 
practises so as to better exploit existing infrastructure". The definitions include: 

“Declared Capacity is the stated limiting capacity of the airport in aircraft 
movements per hour. 

Sustained runway capacity is the maximum runway throughput, or flow rate, 
which can be achieved over a sustained period of time when aircraft operate 
under Instrument Flight Rules (IFR), with good Air Traffic Management 
(ATM)/runway system management, but in accordance with safety requirements 
and with an acceptable maximum delay for an agreed limited period of time. 

Unconstrained runway capacity is the maximum runway throughput, or flow rate, 
which can be achieved under ideal conditions, regardless of the level of service 
but in accordance with safety requirements.” 

The paper further notes in relation to acceptable delay, "acceptable delays are 
those for which the airline serving a particular airport can accept, both from a 
scheduling (timetable) or aircraft utilisation standpoint. The higher the delay, the 
greater the capacity and therefore the availability of additional "high value" slots, 
but at a cost, such as reduced aircraft utilisation and increased costs due to the 
delays at approximately US$100 per minute. There is a point at which costs 
exceed yield over the peak period (being considered). At London Heathrow and 
London Gatwick the acceptable delay is 10 minutes, whereas at Amsterdam 
Schipol it is four minutes." 

It should be noted that the above description of delay is for "all causes" of delay, 
not just those due to runway congestion. 

(5) Ashford and Wright 

The textbook "Airport Engineering"19 refers to an FAA recommended concept of a 
practical capacity measure that corresponds to a "reasonable" or "tolerable" level 
of delay (e.g. delays to departing aircraft average four minutes during the normal 
two peak adjacent hours of the week). The authors then state that "the preferred 
measure and that employed in this chapter, is the ultimate or saturation 
capacity, the maximum number of aircraft that can be handled during a given 
period under conditions of continuous demand”. Delay, however, is dependent on 
capacity and the magnitude and fluctuation in demand. As demand approaches 
capacity, delays to aircraft increase sharply. 

                                                 

18 Journal of Air Transport Management 5 (1999) 

19 Ashford, N. and Wright, P. (1991) Airport Engineering, 3rd ed., Wiley, New York, Section 7.2 -  
Capacity, Demand and Delay. 
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2.5.5 Sydney Airport Capacity and Delay 

Airservices Australia use a number of sophisticated air traffic systems to facilitate 
the smooth flow of traffic to and from Sydney and other Australian airports. They 
interface with compatible Flight Management System (FMS) onboard domestic 
and international Regular Public Transport (RPT) aircraft. 

The amount of delay that can be tolerated by an aircraft (as opposed to the 
passengers, which is a level of service and economic loss factor) relates to the 
amount of fuel reserves available. An aircraft has a finite fuel load on board, and 
before this is consumed the aircraft must be given priority to land at its 
designated airport or diverted to one where it can land before fuel reserves are 
exhausted. 

The Central Traffic Management System (CTMS) 20 is a strategic flow tool. It 
operates pre-departure and reduces airborne holdings by applying ground delays 
while maintaining efficiency. Data shared by Air Traffic Control (ATC) and airlines 
via CTMS software links. 

 INPUTS OUTPUTS

Airline Schedules

Slot Allocation

Runway Mode Selection

Planned Arrival Rate

Weather Forecasts

CTMS Landing time with
any required holdings

INPUTS OUTPUTS

Airline Schedules

Slot Allocation

Runway Mode Selection

Planned Arrival Rate

Weather Forecasts

CTMS Landing time with
any required holdings

 

MAESTRO is a software based assistant to the Flow Controller and is a tactical 
flow tool. It combines radar and flight plan information with inputs from Flow 
Controller. A visual display shows expected landing time, assigned runway and 
delays (as required). The information is shared (real-time) with airlines and 
airports via CTMS. 

On activation and at each update the MAESTRO system calculates times for 
arriving aircraft whose details are entered in the system. The system also stores 
up to 6 flights after they have landed, to cater for missed approaches. 

The process of update and action taken by the controller depends on the aircraft 
position in relation to the airport. As the aircraft gets closer to the airport the 
position of an aircraft in the arrival sequence becomes fixed, while at a distance 
from the airport new aircraft can be entered ahead in the sequence and aircraft 
can be directed to accept various levels of delay.  

                                                 

20 Source: Airservices Australia industry presentation from 2002 
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Sequencing directions suggested by MAESTRO and aircraft directed by ATC can 
include: 

• Aircraft behind sequence time 
• Do nothing 
• Resume navigation 
• Speed reduction 
• Path stretching 
• Holding 

The inputs to MAESTRO include the programmed arrival rate for the mode, which 
implies a nominal level of delay. Aircraft holding should not exceed 20 minutes. 
Once projected delays to aircraft in the arrival stream is projected to rise above 
15 minutes, then ATM reviews the display of the arrival stream in MAESTRO and 
should initiate a runway change to a mode with a higher capacity. This is to 
ensure the delays do not exceed the 20 minute threshold as agreed with airlines 
and for which additional fuel reserves are held on the aircraft. 

The change to a higher capacity mode must be made before the 20 minute 
threshold is reached, because a mode change is not instantaneous. There is a 
“lag” in the system as aircraft at the appropriate distance from the airport are 
repositioned on tracks for the alternative runway mode, and departing aircraft are 
similarly redirected to new departure runway thresholds in an orderly manner. 

Airservices had started development of The Advanced Runway Decision 
Advisory System (TARDAS). This decision support system is designed to assist 
air traffic controllers in runway selection in instances where the meteorological 
and traffic conditions mean that more than one runway mode of operation is 
available. It should also have the capability to provide an up to date history of the 
runway end movement percentages and mode usage and suggest the mode of 
operation that will best help achieve the runway end target percentages. A similar 
system has been in operation at Boston Logan Airport with the acronym PRAS 
(Preferential Runway Advisory System). 

One of the key inputs to a system such as TARDAS are the runway mode 
capacities (arrival and departure runway acceptance rates) which are compared 
with the current projected traffic (taken from feeds from systems such as 
MAESTRO for the arrival stream and CTMS for the departure schedule). 

As noted in the recommendations in Section 1.4, Airservices Australia should 
consider the feasibility of introducing a mode change analysis tool, such as that 
envisaged with the TARDAS initial development. In the first instance this would 
require a scoping and feasibility study from a software development, ATC 
operational perspective and consideration of the ability to successfully integrate 
with other ATM systems used by Airservices Australia. 
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2.6 SYDNEY AIRPORT CAPACITY AND DELAY 

Section 3.4 of the Report describes an “audit” of Airservices Australia’s Sydney 
Operations undertaken by specialist air traffic control consultants form Airways 
Corporation. 

Paragraph 5 of section 3.4.3 should be corrected to read: 

A similar exercise was also undertaken to indicate whether noise sharing modes 
might also have been feasible during some core hour periods for noise relief 
purposes - when a combination of wind velocity, visual or other weather, demand 
and mode capacity circumstances suggested so. 

Paragraph 4 of section 3.4.6 should be corrected to read: 

During core periods, increased noise sharing mode use operations of up to 30% 
might be feasible for noise relief purposes although commonly used noise 
sharing modes do not eliminate noise to the north due to heavy/long haul aircraft 
operational requirements necessitating ‘long’ runway (16R/34L) use. Such modes 
feature higher potential for conflictions between aircraft using and crossing 
runways and accordingly as traffic demand increases parallel runway operations 
are required to satisfy demand and maintain safety measures. As core hour 
‘slots’ are progressively filled with new flight schedules and core hour movements 
thus approach the maximum allowed capacity, potential for noise sharing in these 
hours will commensurately reduce. 

2.7 SYDNEY AIRPORT CAPACITY CONSTRAINTS 

Section 4 of the Report mentions the three pillars on which LTOP is based. One 
of these is capacity – within the 80 movement cap. 

SACF requested in their comments, to define capacity over what period.  

The 80 movement cap refers to 80 movements per hour, and is understood to 
apply across all operational hours. 

Detailed discussion of measure of capacity and delay is provided in Section 2.5 
of this Supplement. 

2.8 GROUND BASED AUGMENTATION TO GLOBAL POSITIONING SYSTEM (GPS) 

In terms of “Future Trends”, page 44 of the Report states that: 

ICAO does not allow GPS for sole means precision navigation and thus ILS (or 
MLS) backup at least remains required.  

Thus straight-in approaches along existing centreline courses and glideslope 
angles will remain, at least from around 8 NM to touchdown. 

There are current programs to install Ground Based Augmentation to GPS, which 
may in the future facilitate development of more complex approach paths to 
runways. The increased flexibility may have other consequences in terms of 
capacity which may require a trade-off between flexibility and capacity. 
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One of the drivers of GPS and Ground-Based Augmentation System (GBAS) is 
its contribution to safety enabling pilots to safely fly an instrument approach down 
to within 200 feet above the ground in low visibility or terrain challenged 
environments. It will enhance the operational availability of many small regional 
airports during inclement weather, especially at those that do not currently have 
instrument approach capability. 

The GBAS which enables high precision approach and landing by broadcasting 
differential GPS corrections to airborne users is one technology that is currently 
being installed. As with many advanced technologies for air traffic control there is 
a lag between installation and the accumulation of benefits. Some of the principal 
causes of this lag are: the requirements for a large enough fleet of aircraft to have 
installed equipment compatible with the system: the development, testing and 
integration of systems: procedures and subsequent training of users in the 
various stakeholder organisations. 

2.9 SUMMARY OF CONSULTATIONS 

Appendix D of the Report provides a summary of consultations. On page D-2 the 
fourth and fifth dot points should read: 

• There was interest in using technology to increase the range of arrival 
tracks available (particularly for Runway 16R) to further spread aircraft 
and share noise.  

It is understood that this issue is being examined by IMC Task Force 3. 

• There was interest in increasing the “granularity” of runway end usage 
reporting. Rather than using four quadrants (North, South, East, West), it 
was thought that using 8 sectors (eg N, NE, E, SE, S, SW, W and NW) 
would provide a better picture of the extent of noise sharing.  As a case in 
point the departure track from runway 34L which immediately turns to the 
west is reported in the statistics as a Northern movement, even though 
the flight tracks are predominantly over the western suburbs, not those on 
the approach to runway 34R which are of most concern to these 
communities. 

It is understood that Airservices Australia have recently provided a sample 
monthly report to IMC demonstrating the magnitude of change if these 
tracks were reported in the Western quadrant not in the Northern 
quadrant. 
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ADDENDUM TO LTOP REVIEW REPORT 

 



APPENDIX A – ITEMS TO BE ADDRESSED IN ADDENDUM 

The table below summarises the issues that SACF requested be addressed in 
this Addendum to the original LTOP Assessment Report. References to the 
pages in the Report are provided in the left hand column. 

 
Ref  Issue  Comment   SACF SC Notes 

     

 
The consultant needs to produce 2 deliverables: 

1. A Comprehensive List of Recommendations. There 
are “pointers” or things briefly mentioned at many 
points throughout the report - both constraints and 
contributors to a solution that need to be brought 
forward as conclusions or recommendations as 
would be expected in a report. (Note that the detailed 
comments below are not exhaustive as regards the 
extraction of conclusions and recommendations from 
the body to the report, and that this will need to be 
done by the consultant.) 

2. An Addendum. To address errors and omissions in 
the original report an addendum should be issued 
providing corrections and additional information. 

 

   

     

 Detailed Comments    

P1  A recommendations section should have been included in the 
report and the Executive Summary. 

Agreed, will provide  a  

     

P10  The LTOP document specifies 0730 and 1030 change over times 
yet ASA procedures prescribe change over times of 0700 and 
1100. This indicates that one hour of noise sharing is being lost 
every day 

Check documentation, and follow up 
with Airservices  

b Address in addendum.  

     
P15  The report states that there is an expectation in the community that 

there would be a correlation between the mode usage in the LTOP 
document and actual mode usage, but that this is subject to 
debate. There is no debate as there were a whole series of public 
presentations which created this expectation and the consequent 
expectation in the percentage targets. 

Agree, the report states there was an 
"expectation", and this statement 
confirms that "there was a whole series 
of public presentations which created 
this expectation". 

 Remove “but that this is subject to 
debate”. Address in addendum. 
 
 

     

P19 Airplan could have stated percentages of instances of the causes 
of constraints to noise sharing e.g. percentage when demand 
prevented noise sharing modes being used or when weather 
prevented mode usage. 

Some sample statistical analysis was 
undertaken, however a systematic 
process is suggested in Chapter 7, 
Item 4 - which is a key 
"recommendation”. 

 Include in conclusions and 
recommendations.   

     

P22 The report identifies that the SLOT scheme should smooth demand 
within each hour and reduce delays due to clustering. Page 29 
then states that demand often occurs in surges resulting in them 
being bunched, and uses this to say that the hourly rate would 
show that a demand is below the capacity of the mode, but it would 
only be for a short period and not allow for a mode change. Clearly, 
the SLOTS scheme is not smoothing demand sufficiently on its 
own. 

As discussed in the presentations to 
SACF, the airport system (airways, 
runways etc) is a complex multi-
variable non-linear dynamic real-time 
system and its operational processes 
are different to those for a mechanical 
assembly line type system where the 
timing of all process points and 
input/outputs is predictable. An real-
world air traffic system must constantly 
adjust for stochastic (unpredictable) 
delays and a SLOTS scheme is a 
mechanism to assist in improving 
flows, as is MAESTRO, but it cannot 
change the innate characteristics of the 
system.  

e No this is not the task.  
 
Even though the expected depth of 
analysis was not conducted some 
conclusions can be reached on the 
impact of “bunching”, and that at the 
very least this may require additional 
analysis and mechanisms to address.  
 
Include in conclusions and 
recommendations.   

 

P22 The discussion contained in Footnote 10 is very important and 
should be contained in the body of the report not in a footnote. The 
conclusion from this discussion and subsequent recommendation 
should be that a study needs to be done. Footnote 10 states that 
there has been no study conducted which compares actual to 
theoretical mode capacities. Further, ASA use historical figures to 
set rates in CTMS and Maestro. While this is not explained in the 

Agreed, these can be incorporated into 
the recommendations. The Appendix A 
also takes up this point.  

g Include in conclusions and 
recommendations.   
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report, the outcome of this is that it constrains the modes to the 
maximum rates previously achieved and will never achieve the 
theoretical capacity. The capacity of the noise sharing modes is a 
major factor in the achievement of LTOP, particularly in the face of 
increasing demand. 

     
P23 
 

An important issue not adequately addressed is that Airservices 
use noise sharing where possible without causing “excessive ” 
delays with a later comment that Airservices will “transition to a 
higher capacity mode when the anticipated delay is above a 
predetermined threshold .”  

We can provide an appendix on 
definitions of "delay". Will consult with 
Airservices and document the 
thresholds programmed into CTMS and 
Maestro. We can provide a 
commentary on the difficulties in 
reliably reporting delays, especially 
isolation of those that are due to a 
specific cause. To answer last item 
would require a simulation modelling 
analysis to calculate and compare two 
scenarios and the order of magnitude 
of delays.  

h Address in addendum. 
 
 

     
P33 The report states that there is potential to increase use of noise 

sharing modes during core periods, but then states…. while 
reducing northern sector operations substantial numbers of current 
over water flights would be routed in eastern and western sectors 
with attendant increase in overall noise. A similar comment is made 
at page 31. 
 
This is simply wrong as they take operations from the north, not the 
south. 
•  If instead of Mode 9 they use Mode 7 (Dep to West (25) Arr from 
South (34L & 34R)) this would shift some departures from the 
North but leave the south (over water) as is. (Long haul Departures 
are still to the north.) 
•  If instead of Mode 10 they use Mode 5 (Dep to South (16L & 
16R) Arrivals from East (25)) this would shift most arrivals from the 
north but leave departures to the south as is. (Long haul arrivals 
are still from north). 
•  If instead of Mode 10 they used Mode 14A (Dep to south (16 L & 
16 R) and Arr from West (07)) this would shift most arrivals from 
the north but leave departures to the south as is. 
 
As discussed above, this is wrong and contrary to the most 
fundamental principle of LTOP which is to share the noise. The 
west in particular is consistently well below its target, while the 
north is well above. 

Correction required in any addendum 
issued. 

k Address in addendum.  Note that the 
consultant must address not only the 
error, but the erroneous conclusions 
that resulted. 
 
 
 

     
P33 That there is significant scope for increased use of the noise 

sharing modes needs to be a conclusion to the chapter and the 
report. 

Refer to report conclusions, which can 
be reworded as recommendations. 

n Include in conclusions and 
recommendations.   
 
 

     
P34 The report also needs to define capacity over what period.  o Address in addendum. 

 
 

     
P44 The report states “ICAO does not allow GPS for sole means 

precision navigation and thus ILS (or MLS) back up at least 
remains required.” There was no mention about Ground Based 
Augmentation to GPS as it is being installed now. 

This can be added, however the 
conclusion of straight-in approaches 
from around 8 NM remains. 

s Address in addendum. 
 
 

     
P46 The following statement is good but was not presented as a 

recommendation of how it could be done. “Accordingly, 
increasingly proactive measures must continue to be applied to 
implement LTOP, in particular during noise sharing periods, but at 
other times as well. ” 

This section refers to a philosophy and 
regime of "continuous improvement", 
even if gains are only marginal and is 
considered appropriate 

 Include in conclusions and 
recommendations.  More detail about 
how this might be achieved would be 
useful. 
 

     
P47 The report states: “Based on 2003 traffic levels, a sample audit of 

detailed mode usage, correlated with demand and meteorological 
data indicated that (in the short term) there is potential for further 
use of noise sharing modes (RMO 5, 7, 14a) during core periods, 
when demand is blow mode capacity. ” 
 
Furthermore the report also states that “further investigation is 
recommended based on larges samples. ” There is a similar 
discussion on p 50 in the conclusion to this chapter. 
 
If the consultant is adamant that a further study is necessary then 
why was this not contained as a conclusion to the report as a 
whole and presented as a recommendation that needs to be done 
to achieve greater use of the noise sharing modes? 

Any further study could only be 
undertaken on a better set of data. 
Once the improved format of data on 
the critical mode change phase is 
implemented (as suggested on p51 
enhancements - journal entries), there 
may not be a need for another study, 
as SACF and IMC will receive these 
reports and may be able to draw its 
own conclusions. 

Include in conclusions and 
recommendations.   
 

     
P51  High and Wide – The discussion that TF 2 determined that there is 

no justification for revisiting these flight tracks is not correct. The 
conclusion from TF2 was that further work needed to be done and 
this was picked up by TF3.  

Are the conclusions from TF3 
available? Is there a requirement that 
the consultant reviews these?  

 Consult with TF3 Chairman. Include in 
Addendum. 
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 Furthermore, defined mechanism must be put in place and 
publicised whereby particular flight paths can be discussed, 
assessed, reviewed and if necessary altered. 

  Include in conclusions and 
recommendations.   
 

     
P51  All of the “Other Findings” are good, although they could have 

been developed more to provide a basis for implementation and 
presented as recommendations in the report. Specific comments 
concerning these are as follows:  

 u Include in conclusions and 
recommendations.   
 

P53 The conclusions to the report are largely just padding. What is 
required is the contents of the report brought together and 
presented as genuine conclusions against the terms of reference. 
The items discussed in the current conclusions section should be 
discussed elsewhere in the report 

Report format split chapters by each 
item of the term of reference. Based on 
these comments, this appears to have 
caused problems for SACF 

z Address by a conclusions and 
recommendations section.   
 

     
P53 The discussion on how the reports should be changed and aligned 

to allow tailored and better reporting should be included as a 
recommendation. Comments in the report indicate that the micro 
and macro reports are not aligned easily to be able to really 
understand the trends of mode usage and particularly for noise 
sharing compared to the demand. It is important also and that the 
right people in the organisation get access to the reports to get the 
best use of them. 

Agreed  Address in an addendum. 

     
 Appendices     
 There are errors in D-2 

 
 ab  

 4th dot point should read 16 R. Not 34L.   Address in an addendum 
     
 5th dot point should read 34 L. Not 16R   Address in an addendum 
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APPENDIX B 
EXTRACTS FROM THE MINISTERIAL DIRECTIVE (1997) RELATING TO LTOP 

1. Definitions  

“Airservices Australia Report” means the document entitled “The Long-Term Operating Plan for 
Sydney (Kingsford Smith) Airport and Associated Airspace” prepared by Airservices Australia and 
provided to the Minister for Transport and Regional Development on 16 December1996 in response 
to the Minister’s direction of 20 March 1996.  

“the Plan” means the Sydney Airport Long Term Operating Plan as set out in this direction.  

“Proponent’s Statement” means the document entitled “Sydney Airport Long Term Operating Plan 
Proponent’s Statement” prepared by the Department of Transport and Regional Development and 
provided to the Department of Environment, Sport and Territories on 11 June 1997 in accordance 
with the requirements of the Environment Protection (Impact of Proposals) Act 1974 and the 
Administrative Procedures made thereunder. 

2.Flight Paths  

Airservices Australia should implement the general structure and layout of the flight paths shown In 
the maps in the Airservices Australia Report incorporating the amendments indicated in the 
Proponent’s Statement and including any adjustments necessary to meet the detailed design of the 
airspace arrangements and to satisfy safety requirements.  

3. Runway Selection  

3.1 Airservices Australia should Introduce runway selection procedures as described in Chapter 6 
of the Airservices Australia Report to facilitate the more equitable sharing of the impact of aircraft 
noise, taking into account forecast or prevailing weather and traffic levels including the balance 
between arrivals and departures. The modes of operation should be changed throughout each day, 
when traffic and weather conditions permit, to provide respite from noise affecting residents In 
different areas. 
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APPENDIX C 
SLOT MANAGEMENT AT SYDNEY AIRPORT 

The Sydney Airport Demand Management Act 1997 was enacted on 17 November 1997. The 
Act enshrines a cap of 80 hourly movements and establishes a framework for a slot 
management scheme. 

Detailed slot management and compliance schemes were tabled in Federal Parliament in 
March 1998 and June 1998 respectively. The Slot Management Scheme came into effect for 
the scheduling season beginning 29 March 1998. The Compliance Scheme came into effect on 
25 October 1998. 

What is a slot? 
• A slot allocated under the scheme permits a specified aircraft movement at a specified time on a 

specified day. All commercial and private aircraft require a 'Slot' to land or take-off at Sydney 
Airport. 

Why have a Slot Management Scheme? 
• The establishment of a slot system in tandem with the runway hourly cap through 

legislation provides a clear long term guide to airlines and airport planners. It also 
ensures that the peak hour movements can be managed in a non-discriminatory and 
efficient manner. 

• Without a planning mechanism for runway movements at the airport congestion would 
increase imposing a significant cost on airline operators (eg increased holding patterns) 
airline passengers (eg delayed arrival or departure) the airport operator (eg inefficient 
use of the infrastructure) and the community generally. 

• As most interstate operations hub through KSA the efficiency dividend from improved 
planning techniques at KSA has flow-on network benefits for other Australian airports. 

• The Slot Management Scheme is delivering for Sydney Airport:  

- less clustering of flights in airline's schedules; 

- greater predictability for investment; 

- fewer delays and as a consequence fewer delays at other airports; 

- reduced time spent by Airservices Australia rescheduling airlines thereby 
increasing resources available for core responsibilities; 

- guaranteed access for NSW regional communities; 

- less fuel waste leading to savings in costs and reduced emissions; and 

- airlines rescheduling movements to improve the balance of arrivals and 
departures at certain peak times. 

• The Department oversights administration of the Scheme which allows airport 
management and the airlines to take ownership of the problem of slot management and 
the solutions. Access to Sydney is not an unlimited resource and better airport 
performance is dependent on improved cooperation and planning. The Department 
chairs the Compliance Committee that assesses breaches of the slot scheme. 

• Day to day administration of the Slot Scheme is undertaken by Airport Co-ordination 
Australia (ACA) - http://www.coordaus.com.au/. Guidance on the criteria for obtaining a 
slot should be sought from ACA as soon as a requirement for a slot is known. 

From DOTARS Web site accessed April 2005 at http://www.dotars.gov.au/transreg/apr_slots.aspx
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