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SUMMARY 

Long Range Air Traffic Flow Management (LRATFM) is a concept devised to provide a 

basis for research into the application ATFM measures beyond current system timeframes. 

The concept has been subject to practical trialing by the Air Navigation Service Providers 

(ANSPs) of both New Zealand and Singapore during the second half of 2017. This report 

details the concept, trials and results thus far.  

 

 

1. INTRODUCTION 

1.1 LRATFM was devised in 2017 from a collaborative project run by three ANSPs (New 

Zealand, Singapore and the United Kingdom). The goal was to develop a concept for applying ATFM 

measures beyond current management system timeframes through practical research. 

1.2 The LRATFM concept is envisaged to be most applicable in the cruise phase of flight from 

a point where estimate/advisory time is most accurate and the flight is least subject to subsequent 

operational variabilities and ATC intervention. Minimal speed adjustments should be required to allow 

a flight to comply with an advisory time once past.  

1.3 Ideally, the LRATFM concept would be applicable in any ATM environment once adapted 

to reflect the operational factors of that environment. 

1.4 The Civil Aviation Authority of Singapore (CAAS) and Airways Corporation of New 

Zealand (Airways) used operational trialing for research. Through the participation of specific airlines, 

the trial results proved that the basic process is workable and there is potential for efficiency gain. The 

trials also quantified the complexities of aircraft and ATM system response. Complexities that States 

or ANSPs should consider carefully when devising an end-state solution. 

1.5 Both CAAS and Airways see the work done so far as first steps, and subsequent trial phases 

will be required to investigate other key factors that will further develop the concept.  

2. DISCUSSION 

Problem identification 

 

2.1 In the first half of 2017, the three ANSPs agreed to work on areas of common interest. One 

such area common to all was effectively incorporating long haul arrivals into tactical ATFM solutions. 

Ineffectiveness was due to several reasons such as; 
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 Low predictability of long-haul arrival estimates and other data limitations restricting 

ATFM measures to the arrival phase 

 Over-capacity in arrival flows with long-haul arrival waves 

 Resulting unbalanced delay allocation between flow controlled short-haul and non-

flow controlled long-haul flights 

 

2.2 The three ANSPs agreed to work on a concept which looks into extending flow control 

measures beyond the horizon of existing tactical tools. The aim of the concept was not to derive an end-

state solution but to support subsequent research phases, starting with basic factors and moving on to 

more complex models as results were established. As a start, the group decided to investigate: 

 

 Identifying sources for Accurate flight estimation data 

 Communication paths 

 System capacity (ATM, aircraft, crew) and response to advisory information 

 Application in different ATM environments, i.e. surveillance and non-surveillance 

 The potential for flight efficiency gain by moving metering to a more fuel efficient 

phase of flight 

 

2.3 The group also considered how such a concept could be applied across multiple Flight 

Information Regions (FIRs). However, it was decided to not investigate this in depth at the moment 

given the additional complexities. The group also felt that it would be more relevant to obtain clear 

results on the basic factors investigated in the initial phase. 

 

The LRATFM Concept 

 

2.4 Figure 1 summarises the LRATFM concept; 

 

Figure 1. Long Range ATFM Concept 

 

 The State/ANSP/Airspace users establishes a timeframe prior to a Target Time Over 

(TTO1) metering fix within which LRATFM can be applied. The timeframe is based 

on the operational environment, accuracy/stability of estimates, communication and 

aircraft capacity to comply; 

                                                      
1 TTO is comparable to a Calculated Time Over (CTO). It was chosen for use during the trials to avoid any confusion with other uses of 

CTO and to avoid the impression of a mandatory time instruction 
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 An accurate Estimated Time Over (ETO) at the TTO fix is established for each flight 

and a TTO time calculated which is inclusive of any ATFM measures; 

 At the TTO passing time, it is passed to the aircraft via an agreed communication path; 

 Aircrew confirm their ability/inability to comply then advise the appropriate authority; 

 Crew manage the flight to reach the TTO fix at the TTO time or advise if they are 

subsequently unable to do so, with a revised ETO 

 

2.5 By keeping LRATFM as a high-level concept, it acknowledges the variabilities that can 

occur within environments, e.g. ATM capability, surveillance, airspace configuration, communication 

and aircraft equipage. Research into the area of application would serve to establish the specific 

capabilities necessary and the resulting timeframes that LRATFM can be applied within. An example 

of this variability is the communication path. For instance, the operational trials by Airways used 

CPDLC while CAAS communicated through the Airline’s Operation Centre (AOC) and to the flight 

deck via Aircraft Communications Addressing and Reporting System (ACARS). 

 

Operational Trials 

 

2.6 Both CAAS and Airways embarked on separate trial programs using specific airline 

participants with the following high level goals: 

 Practical test of the concept’s basic factors – i.e. estimate accuracy, communication 

process and aircraft/crew response and compliance 

 Test the concept in differing environments – CAAS investigated flights arriving at 

Changi (WSSS) in high density, generally surveillance airspace abutted by many 

neighbouring FIRs. Airways’ investigated flights arriving at Auckland (NZAA) 

transiting low density/procedural oceanic airspace with an advanced automated 

Oceanic Control System (OCS) that abuts the NZ Domestic FIR 

 Establish the potential for efficiency gains – via the collection of trial data and analysis; 

 Consider the concepts application in each ANSP’s ATM system – Airways is in the 

process of implementing a new Skyline-X ATM system which includes Time Based 

Flow Management (TBFM) which supports extended metering. The LRATFM concept 

can potentially be applied within TBFM to yield a more effective arrival management 

process. CAAS would be looking to incorporate the LRATFM concept into their 

existing ATFM operations which currently involves flights departing from the region. 

 

Airways’ approach and trial results  

 

2.7 Airways’ approach was iterative, starting with an Operational Concept which defined the 

basic factors used in the New Zealand application, namely: 

 

 The trial area – Airways Oceanic airspace sector abutting the NZ Domestic FIR 

 Timeframe for application – Two hours prior to the TTO fix1 

 Communication – CPDLC to pass TTOs and for crews to accept/reject2 

 Method of compliance – TTO input into the Requested Time of Arrival (RTA) function  

of  the Flight Management System (FMS) 

 Trial phases – Four 1 week periods (see below) 

 Data collection – Manually recorded ETO/TTO/ATO verified by recorded OCS data 

 

                                                      
1 Based on initial assumptions on OCS/FMS estimate accuracy and aircraft compliance capability vs. cost 
2 Although limiting the pool of eligible aircraft, it was not considered detrimental to the assessing the initial trial 

goals 
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2.8 A safety case was then used to familiarise airlines/ATC and to verify the Operational 

Concept. This also served as a ‘first sweep’ for obtaining result data around aircraft and aircrew capacity 

and response.  

2.9 The safety case also provided guidance on the scope of airline participation. In the NZ case, 

despite the potential of having many airlines involved, the complexities of the application and the short 

timeframe between safety case and trial date led to a refinement of scope to just one airline (Air New 

Zealand). Safety concerns around the application were mitigated by an established working relationship, 

the readily available senior pilot expertise and their familiarity with the airspace and procedures. This 

scope was further defined to only use certain Air New Zealand fleets, i.e. A320s, B777s and B789s, due 

to their equipage and the ease of briefing the crews within the time available. 

2.10 The trial was conducted over four phases with each phase lasting over a period of one week. 

The details of the phases are described as follows (Figure 2); 

 Phase One – Comparing ATM and aircraft estimate data to establish the most accurate 

source; 

 Phase Two – Passing a no-delay Target Time Over i.e. ETO = TTO; 

 Phase Three – Passing a TTO with a delay figure added i.e. ETO +1, +2 or +3 minutes; 

 Phase Four – Collating and analysing results and finding trends. 

Figure 2: The NZ application 

 

2.11 From the safety case, the following key factors were identified and incorporated into the 

design of the NZ trial: 

 

 CPDLC message formats could be used to effect application in Oceanic airspace 

 Airline performance/cost bounds limit the application of time based ATFM measures1 

 An achievable delay figure per hour of cruise is approximately 2-3 minutes 

 Airline preference is for delay instead of speed up although both accrue a fuel penalty 

 Airline expect that by complying with a TTO, subsequent arrival delay will be minimal  

 TTO accuracy must be high to avoid revisions that may mean additional flow measures 

– this limits the timeframe for application given forecasting capability; 

 By using the RTA function of the FMS, the system will automatically manage 

compliance, including initiating unannounced speed changes when encountering actual 

winds that vary from forecast. This impacts the ability of aircrew to monitor speed 

                                                      
1 Time based in this instance means the amount of speed up (arrive before ETO) or slow down (arrive after 

ETO) 
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compliance in airspace where speed is a factor in the provision of separation, e.g. 

oceanic airspace, the need to obtain ATC approval for variance +/- Mach 0.02; 

 For procedural or oceanic airspace, application may be limited by the separation 

applied or it may require other mitigations, e.g. a higher ADS-C reporting rate. 

2.12 Phase One involved the review of several ETO sources:  

 The OCS trajectory; 

 FPL estimates; 

 FMS trajectory. 

 

2.13 Results revealed, for the NZ environment, that the OCS ETOs were the most accurate. This 

was due to several factors: 

 

 OCS real-time route/level updating at re-clearance combined with accurate aircraft 

performance and wind profiles (Figure 3); 

 Immediate trajectory re-calculation as a result of received ADS-C ATOs; 

 Long haul FPL estimates that become increasingly inaccurate after departure as the 

flight encountered actual conditions exacerbated by limited or no AOC based 

updating1; 

 Increasing inaccuracy in FMS ETOs with distance from the aircraft’s current position. 

This was due to a bias towards using forecast winds vs measured as distance increased2. 

Fig 3. Component winds used in FMS forecasting 

 

2.14 Phase Two. Key results: 

 

 CPDLC was a feasible means for passing TTOs, obtaining acceptance or rejection 

(non-participation) and establishing reason for non-participation or non-compliance; 

                                                      
1 Inaccuracy was primarily the result of encountered winds, selected cruise level variance or route change due weather 
2 This inaccuracy was exacerbated if the rate of forecast wind updating to the FMS was low or not available e.g. some 

airlines update at 6 hour intervals, others at pilot request while some perhaps not at all  
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 28 flights had ETO based TTOs passed; 

 Non-participation was 18%. Primarily driven by a prohibitive fuel burn cost or airline 

scheduling requirements; 

 Of the remaining 82% of participants, 87% achieved compliance within +/- 1 minute 

of the TTO; 

 Non-compliance was primarily driven by unanticipated conditions1; 

 Non-compliance was biased towards delay with the largest at 6 minutes. 

 

2.15 Phase Three. Key results: 

 

 25 flights had an (ETO + delay) TTO passed; 

 Non-participation was 20%. This was driven by the unacceptable economic 

performance calculated by the FMS to comply with the passed TTO time;  

 Of the remaining 80% of participants, 75% achieved compliance within +/- 1 minute 

of the TTO; 

 Non-compliance again related to unacceptable FMS performance calculation, in 

particular – after accepting a TTO, crew encountered a difference between forecast and 

actual winds; 

 1, 2 and 3 minute delays all appear achievable in nominal conditions, i.e. those where 

forecast and actual conditions are consistent. It is safe to assume that higher degrees of 

delay would generate more rejections or subsequent non-compliance due impact of real 

weather on acceptable aircraft performance. 

 

2.16 Phase four involved analysing results from previous phases and establishing the potential 

for efficiency gain2. Though considered conservative, extrapolation of results estimated a saving of 

approximately 20,000 Kgs per annum for arrivals into NZAA. Thus as an indicator it showed the 

potential to increase efficiency and reduce cost by moving delay into a more efficient phase of flight. 

 

CAAS’s approach and trial results 

 

2.17 The LRATFM trial by Singapore took place from 21 Dec 2017 to 5 Jan 2018. A total of 53 

flights from Singapore Airlines, mostly departing from Christchurch and Auckland participated in the 

trials. The trial focused on determining the feasibility of issuing ATFM delay through the use of TTO 

during the flight’s Enroute phase.  

2.18 TTO issuing process were as follows; 

 CAAS ATFM unit determined and informed the airlines AOC of the required ATFM 

delay with respect to long haul flights through email as far as 6 hours out from a system 

calculated aircraft’s ETO from the TTO reference fix; 

 AOC would be the intermediary for the negotiation and any revisions if necessary 

between the ATFM unit and flight crew (ACARS and email) till the TTO time was 

been agreed. During which, the flight crew ETO of the metering fix will also be passed 

to the ATFM unit.     

 

2.19 Preliminary trial results indicate that it is possible to disseminate ATFM delay to flights 

Enroute and that the operating concept is feasible. Ideally, ATFM delay should be made known to 

                                                      
1 Turbulence or convective activity that prompting deviation or level change 
2 Involved applying the performance results from the previous phases across identified busy arrival periods within 1 month, 

consideration for acceptable tactical ATFM measures and non-participation and extrapolating the outstanding total delay 

figure (minutes). BADA rates for cruise vs. arrival were then used to establish a delta for fuel burn and thus indicative an 

indicative saving figure. 
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affected flights at least 4 to 5 hours before the TTO reference point to allow for a meaningful amount 

of Enroute delay that can be absorbed by the flights so as to avoid flights operating outside optimum 

cruising speed. The lead time will also ensure sufficient time for coordination processes to take place 

e.g. CDM. However, this also put great emphasis on the accuracy of the capacity prediction with respect 

to weather forecasting which can be challenging given the dynamic nature of the tropical weather in 

this part of the region.    

2.20 80% compliance to TTO with Enroute delay that amounts to 5 minutes or lesser were 

achieved. Flights are generally able to comply with the Enroute delay that equates to +1min /hour flight 

time instead of the initial proposed of +2 min/hour flight time.  

2.21 When no ATFM delay was required, the level of accuracy in the estimate provided by the 

flight crew for the TTO waypoint was 90% at the 4-5 hour time mark before the metering point. This 

eliminates the necessity for revision procedures to take place. This is deemed to be ideal as there would 

be no additional workload on the flow managers, airline operators and flight crew. 

2.22 The LRATFM trials was able to attribute on average four minutes of the total required delay 

of the flights to their more fuel efficient Enroute phase. Of the 53 flights, 12 flights did not experience 

of more than 3 minutes of additional delay in the TMA, while 24 flights required additional airborne 

delay of more than 7 minutes in the TMA. The reason for the additional delay was mainly due to 

conditions such as formation of weather cells at the last minute given our tropical climate and the 

backlog of aircraft that was already holding in the air.  

2.23 The network benefits of including long haul flights in flow measures could not be clearly 

defined in the trials as many of the participating flights were subjected to additional tactical airborne 

delay nearing the TMA. Air Traffic Management Research Institute (ATMRI) in Singapore was 

approached to assist in simulating the benefits of including long range flight into flow measures. 

ATMRI simulated the scenarios and analysed the benefits in terms of fuel saving and emission rate, 

referring to long haul flights (>2200NM) that had exhibited holding in an area 200NM from the 

aerodrome. An average fuel saving of 2000USD per day is predicted if long haul flights absorb the 

required delay in the Enroute phase. The figures are conservative as it only takes into account flights 

that exhibited holding actions taken and not reflective of flights that took delay from extended vectoring. 

 

Joint Conclusions 

 

2.24 Both trials had similar results around: 

 Timeframes for application 

 Levels of accuracy  

 Levels of compliance 

 The amounts of delay that can be allocated in the cruise phase 

 

2.25 The Airways trial revealed detail around the response of aircraft systems and airline 

operations while the CAAS trial provided insight into the impact on tactical flow of shifting delay into 

the enroute  

2.26 Both trials proved the potential for the LRATFM concept to provide efficiency gains  

 

ICAO guidance 

 

2.27 The Manual on Collaborative Air Traffic Flow management (Doc 9971) section 4.8 

(Evolution of ATFM Measures) identifies the use of Calculated Time Over (CTO) and Required Time 

of Arrival (RTA), whereby a flight is advised a time to reach a constrained ATM resource and self-
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manages compliance. The section highlights the full capability of integrating the CTO/RTA directly 

into the FMS and crew managing compliance. Section 4.8.3 states: 

“The use of CTO and RTA delegates the compliance responsibility for ATFM measures 

more to the airspace user whereas the ATS unit takes on an oversight role. Any effect on 

ATC (e.g. reduction of true air speed (TAS) en-route) must be notified and coordinated with 

the affected ATC units,…”  

 

2.28 The results of the trials would suggest that the scope of the oversight role has the potential 

to be greater than that described in Doc 9971 and potentially include the crew – particularly when the 

flight is within procedural or oceanic airspace with speed sensitive separations applied.  

 

2.29 Doc 9971 goes on to state that application of CTO/RTA type ATFM measures: 

“…requires education and collaboration to ensure that requirements are understood and 

met. Such techniques should be considered as advanced and require substantial experience 

for their implementation.” 

 

2.30 The results of the trials exemplify the above guidance around the advanced nature of any 

end-state solution. There are many factors that need consideration not least of which is the aircraft’s 

response when complying. Before considering any application, States would need to carefully consider 

the following: 

 The environment of application – Particularly CNS state, airspace configuration and 

weather; 

 Aircraft and airline operations/priorities – Particularly the extent to which delay can be 

absorbed, aircraft communication options and forecasting availability/updating; 

 The effect on the level of ATC service once such procedures are in place, e.g. in full 

surveillance airspace aircraft speed changes can be monitored easily while in non-

surveillance or oceanic they will rely on pilot reports which may be impacted by the 

ability of the aircraft system to notify change to them; 

 Such considerations may limit the application to flights subject to only certain types of 

separation or requiring other and/or additional measures to ensure the integrity of 

separation, e.g. higher ADS-C report rates. 

 

Further work 

 

2.31 Both Airways and CAAS are considering the possible next steps for LRATFM proving. 

Areas that can be further explored are: 

 Alternative communication paths, e.g. those that can include non-datalink aircraft; 

 Integration of existing ATFM advisory information into TTOs to test integration and 

stability within arrival streams; 

 Cross FIR factors including the feasibility of passing a TTO from a downstream 

authority and crew response with current control authority; 

 Synchronization with existing ATFM tools particularly GDP advisory information and 

arrival management systems; 

 Exploring the potential to use the concept as a basis for linking regional ATFM 

programs through shared information e.g. estimates and resulting flow measured times 

and compliance. 

 

3. ACTION BY THE MEETING 
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3.1 The meeting is invited to:  

a) note the information contained in this paper; and 

 

b) discuss any relevant matters as appropriate. 

…………………………. 


