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has been ongoing with regards to the role of meteorological data in airborne navigation systems 
supporting CTA. In this paper, the airborne function designed to support CTA is called the flight 
management system (FMS)/required time of arrival (RTA) function. 

2. DISCUSSION 

2.1 The concept of i4D based operations aims to sequence the incoming traffic to an 
aerodrome by assigning a time constraint to an incoming aircraft at a fix. During descent, the aircraft will 
constantly adjust its speed in order to match the predicted time of arrival with the CTA. 

2.2 The aircraft speed has a limited variability bounded by a minimum and maximum 
operational speed. Therefore, the air traffic control (ATC) system can only give a time constraint within a 
time window, referred to as “a range of achievable times”, which is:  

a) upper bounded by the latest possible predicted time of arrival at the dedicated fix 
corresponding to the aircraft flying at its minimum speed; and 

b) lower bounded by the earliest possible predicted time of arrival at the dedicated fix 
corresponding to the aircraft flying at its maximum speed. 

2.3 An aircraft’s FMS/RTA function is designed to adjust the speed profile of the aircraft in 
order to meet an assigned time constraint at a designated fix, with a specified accuracy. In addition, the 
RTA function will further adjust the speed profile during the flight towards the RTA fix to correct for 
prediction errors. The main source of prediction errors comes from the difference between the wind and 
temperature forecast information available for the FMS/RTA function, and the actual wind and 
temperature encountered by the aircraft during operation. 

2.4 In the current draft DO-236C Change 1/ED-75D, the RTCA/EUROCAE committee has 
defined that “when an FMS provides a time of arrival control capability, and the required time of arrival 
is selected from within the range of available times computed by the system, the total arrival time error, in 
the presence of an environmental uncertainty model, shall be less than the required accuracy in 95% of 
the attempts. The system shall be capable of meeting a required accuracy of 10 seconds for descent fixes 
and 30 seconds for cruise fixes.” 

2.5 In order to demonstrate compliance with this requirement, the draft DO-236C 
Change 1/ED-75D defines that the afore mentioned meteorological uncertainty model is such that “the 
average ground speed error due to meteo error (wind and temperature) along a flight plan follows a 
Gaussian statistical law with mean error = 0kts and 2σ = 10kts when all wind and temperature met data 
for the following altitudes are used: FL050, FL100, FL140, FL180, 629 FL240, FL300, FL340, FL390, 
FL450 and FL530.” 

2.6 Practically, these requirements imply that a system manufacturer will have to make a 
trade-off in the computation of the aircraft’s range of achievable times. Most likely, the system 
manufacturer will sacrifice parts of the “edges” of the speed envelope used to compute the range of 
achievable times, to be able to compensate for the assumed groundspeed errors defined by the 
meteorological uncertainty model, while complying with the FMS/RTA accuracy requirement. As a 
consequence, the resulting range of achievable times available for ATC will be reduced.  

2.7 On the other hand, ATC will have 95% reliability that an arrival time constraint selected 
within the (reduced) range of achievable times computed by the FMS will be met with the specified 
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accuracy. Work is still ongoing in SESAR to investigate the feasibility of the operation and the potential 
benefits it could deliver, under the conditions explained above. 

2.8 Winds and temperature forecast errors in general limit the range of FMS/RTA achievable 
times but also decrease the predictability of the operation between the time the aircraft receives from ATC 
a time constraint over a certain fix and the moment the aircraft crosses that fix. When the aircraft adjusts 
its speed to correct for the meteorological forecast errors in order to meet the time constraint, the 
difference between the predicted and actual 4D trajectory will change. 

2.9 This uncertainty in the aircraft position at a given time may reduce the spacing between 
aircraft. The spacing between a pair of aircraft will be even more reduced if the meteorological forecast 
used by the two independent time control functions are not similar and have “opposite” errors. Such 
errors may result in the lead aircraft’s FMS setting up an airspeed that makes the aircraft fly at a slower 
ground speed than its FMS had predicted, and trail aircraft’s FMS setting up an airspeed that makes the 
aircraft fly at a faster ground speed than its FMS had predicted. The spacing between both aircraft would 
then be smaller than it would have been if they had used the same prediction model. Providing all aircraft 
with the same meteorological forecast may mitigate this uncertainty, because all FMSs would then use the 
same wind and temperature input. However, some level of uncertainty would remain, because each 
particular FMS may process this information differently. 

2.10 The current draft DO-236C Change 1/ED-75D assumes an average overall groundspeed 
error distribution as a meteorological uncertainty model to be used for compliance demonstration, without 
formulating any specific requirements on the meteorological information that has to be entered in the 
system (for example granularity of the wind and temperature model). Therefore, it is not straight forward 
to derive the basic meteorological information service requirements from the assumed meteorological 
uncertainty model defined in this standard. 

2.11 However, when considering evolving or new meteorological information services to 
support i4D, the information provided in the proposed update of the draft DO-236C is of relevance. When 
adopted, this standard will be the baseline for system manufacturers to design the FMS/RTA function. 
Knowledge on the assumptions behind this defined meteorological uncertainty model is an essential 
element to reach the next level of defining the requirements for the wind and temperature forecast 
information required for i4D and how to reflect these requirement in the ICAO provision framework. 

2.12 Special consideration should be given to the clear indication from the joint RTCA 
SC227/EUROCAE WG85 work on the increased risk of (safe) aircraft separation when using time control 
functions and multiple sources of wind and temperature forecast information. Increased risk of loss of 
separation between two aircraft flying to a time constraint is also due to the different speed schedule 
strategies used across FMSs brands and different aircraft types and different weights within an aircraft 
type. Separation loss of in-trail aircraft might happen even if all aircraft have perfect wind prediction 
models (see De Smedt and Klooster, “Controlled Time of Arrival Spacing Analysis”, ATM2011, Berlin, 
2011) in which separation losses in the absence of wind prediction errors were studied. 

2.13 Looking much further ahead in the future, high quality meteorological forecast and 
nowcast information combined with the application of advanced meteorological modelling capabilities in 
aircraft systems as well as dedicated ATC and flight crew procedures, including even the possibility of a 
direct ATC-to-aircraft meteorological information uplink, will definitely enhance the feasibility of 4D 
trajectory based operations. As such this will significantly reduce the necessity for multiple high-
magnitude speed corrections and in-trail aircraft spacing problems along the 4D-trajectories. 
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3. ACTION BY THE MEETING 

3.1 The meeting is invited to note the information contained in this paper. 

 
 
 
 
 
 

— END — 


