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1. Introduction

1.1.  The operational trial for the use of 10 minute longitudinal separation without Mach Number Technique (MNT) within Anchorage Flight Information Region (FIR) began on 12 April 2007.  The purpose of the operational trial is to obtain data for analysis and to acquaint controllers with the operational aspects of its application.  A similar operational trial in the adjacent Oakland FIR was initiated in September 1998.  Reference 1 contains the analysis conducted to support the operational trial in the Oakland FIR.  

1.2. The application of the 10 minute longitudinal separation without the use of MNT applies only to eastbound turbojet aircraft operating at or above Flight Level 290 (FL290).  The 10 minute longitudinal separation without the use of MNT can be applied to these aircraft upon entry into the Anchorage FIR and is applicable until either the aircraft is under radar coverage or exits Anchorage oceanic airspace.
1.3. This paper provides information on the data sources used in the safety assessment of the 10 minute longitudinal separation without MNT within the Anchorage FIR.  It also provides a description of the safety assessment parameters and results.
2. Discussion

2.1. Reference 2 provides a description on the data collection process.  Position data from all aircraft operating in the Anchorage Oceanic FIR are obtained from the Ocean21 data reduction archives.
2.2. On 1 March 2007, the Ocean21 system was introduced in the Anchorage FIR in oceanic sectors 10 and 11.  Figure 1 illustrates the location of these sectors within the Anchorage FIR.
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	Figure 1.  Location of Anchorage Oceanic Sectors 10 and 11


2.3. The process described in reference 2 specified that all available positions (latitude, longitude (or fix) and flight level and associated times of all aircraft regardless of reporting method (High Frequency (HF), Controller-Pilot Data Link Communication (CPDLC), or Automatic Dependent Surveillance (ADS)) in the sectors of interest would be collected.
2.4. Reference 2 presented a preliminary data analysis using a 16-day sample from the Anchorage FIR.  Only 31 longitudinally proximate aircraft pairs were found in this analysis.  This number was considerably lower than expected.  All of the aircraft pairs found had reported their position via ADS-Contract (ADS-C).  The data processing for proximate aircraft pairings did not identify any aircraft that utilized HF or CPDLC for position reporting.  This preliminary analysis and result revealed the lack of electronic position report data in the Ocean21 data archives from aircraft using HF or CPDLC to report position.  There were no compulsory reporting points in the airspace for aircraft operating between the Fukuoka FIR boundary and the extent of the Shemya (SYA) radar coverage.
2.5. Reference 3 describes a subsequent analysis in which there were 282 eastbound and 596 westbound longitudinally proximate pairs observed in the Ocean21 data for the period March through August 2007.   The observed eastbound proximate eastbound aircraft pairs were determined to be insufficient for use in this study because the only aircraft included were those utilizing ADS for position reporting.  Aircraft utilizing HF radio for position reporting were not considered in reference 3 due to the absence of compulsory reporting points between the Fukuoka/Anchorage FIR boundary and the SYA radar coverage area.
2.6. On 25 October 2007, the FAA modified five airspace fixes within the Anchorage Oceanic FIR from non-compulsory to compulsory reporting points.  These fixes include:  AAMYY, CARTO, NIKLL, OPAKE, and PLADO.  With this modification, position data from aircraft utilizing HF and CPDLC for position reporting, not available previously, are in the Ocean21 data archives.  These data are available and have contributed to the data collection process needed to complete the safety assessment for 10 minute longitudinal separation without MNT.
2.7. Reference 4 describes an analysis performed after the modification of the five airspace fixes within the Anchorage Oceanic FIR from non-compulsory to compulsory reporting points. The addition of the compulsory reporting points increased the average number of longitudinally proximate pairs found in the data from 146 to 323 pairs per month.  The number of eastbound longitudinally proximate pairs is a key component in the completion of the safety assessment.  There were 559 eastbound proximate pairs observed in the new data sample.  The increase in the number of observed aircraft pairs reflects the addition of the compulsory reporting points in the airspace; this allowed the analysis to consider a longitudinal window of 30 minutes between aircraft operating on the same route and flight level.
2.8. Data collected from November 2007 through February 2009 contained 2065 eastbound longitudinally proximate aircraft pairs.  The number of proximate pairs in this data sample is sufficient to complete the safety assessment for 10 minute longitudinal separation without MNT.
2.9. The data collected from Ocean 21 in the Anchorage FIR are taken from an environment where 10 minute longitudinal separation without MNT is not the only separation standard applied.  There were a few aircraft pairs in the data sample that were initially separated by less than 10 minutes.  In all of these cases, both of the aircraft in these pairs were ADS equipped and all had at least 50 nautical miles (NM) separation between them.  The aircraft pairs with initial separation less than 9 minutes were removed from the analysis because it was likely that 10 minute longitudinal separation without MNT was not the separation standard applied.  The aircraft pairs with initial separation between 9 and 10 minutes remain in the data sample because there is the possibility that the 10 minutes longitudinal separation was applied to these aircraft pairs if the speed of the leading aircraft was higher than that of the trailing aircraft.
2.10. Longitudinal Risk Model
2.10.1. The safety assessment described in this document consists of estimating the risk of collision which will pertain when the 10 minute longitudinal separation without MNT is applied in the Anchorage Oceanic FIR.  This risk will be compared to the Target Level of Safety (TLS) of 5 x 10-9 fatal accidents per flight hour.
2.10.2. The generalized form of the longitudinal collision risk model applicable to assessing the risk, Nax associated with a 10 minute separation standard is given in Reference 5.  Assuming the flight is on the same ground track, this generalized form becomes:
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The parameters of the longitudinal risk model are given in table 1.

	Term
	Definition

	Pz(0)
	Probability of vertical overlap of airplanes assigned to the same flight level

	Py(0)
	Probability of lateral overlap of airplanes assigned to the same route

	(x
	Average aircraft length

	(y
	Average aircraft wingspan (or width)

	(z
	Average aircraft height with undercarriage retracted
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	Average absolute relative along-track speed necessary to erode the initial separation between pairs of aircraft over the region
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	Average absolute relative cross-track speed between aircraft pairs
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	Average absolute relative vertical speed between aircraft pairs

	T
	Average time to cross the oceanic airspace

	Nax
	Number of accidents per flight hour

	E(m)
	Distribution of initial time separation of aircraft

	Q(m)
	Distribution of change in separation


Table 1.  Longitudinal Collision Risk Model Parameters
2.11. Parameter Estimation

2.11.1. Probability of Vertical Overlap – Pz(0)
2.11.1.1. The probability of vertical overlap required to estimate longitudinal risk is that associated with two co-altitude aircraft.  The value used in this safety assessment, 0.538, has been used previously for other Pacific risk assessments and reflects the positive effect of the Reduced Vertical Separation Minimum (RVSM) on height-keeping performance.
2.11.2. Probability of Lateral Overlap – Py(0)
2.11.2.1. The use of the Global Positioning System (GPS) in determining aircraft position produces highly accurate results.  In turn, these accurate position estimates produce smaller lateral errors from course.  Smaller lateral errors produce higher values of Py(0), thus increasing the risk of losing longitudinal separation between pairs of aircraft assigned to the same route, all other conditions being equal.
2.11.2.2. Prior to the implementation of Reduced Vertical Separation Minima (RVSM) in the Pacific, estimates of Py(0) were made based on the percentage of GPS-equipped aircraft in the airspace.  It was determined that if all of the aircraft in the airspace were GPS-equipped then the value of Py(0) was found to be 0.670.  In contrast, if there were no GPS-equipped aircraft in the airspace, the value would be only 0.019.  The value of Py(0) assuming 100-percent GPS equipage has been used in assessing longitudinal risk in the Anchorage FIR, this provides for the most conservative estimate of risk.

2.11.3. Aircraft length, wingspan and height - (x, (y and (z
2.11.3.1. The length, wingspan and height of the average aircraft observed in the Anchorage Oceanic FIR are obtained using a weighted average based on the proportion of aircraft types observed in the airspace.  Table 2 shows the details for the top 10 aircraft types, which account for more than 96% of the traffic.  The average aircraft length, wingspan, and height, expressed in NM, are 0.03637, 0.03294 and 0.01000, respectively.

	Aircraft Type
	Proportion in Airspace
	Length, λx
	Wingspan, λy
	Height, λz

	B744
	44.48%
	0.03818
	0.03472
	0.01044

	B772
	16.15%
	0.03441
	0.03290
	0.01001

	B77W
	14.13%
	0.03988
	0.03499
	0.01004

	MD11
	12.04%
	0.03305
	0.02789
	0.00952

	B763
	2.57%
	0.02964
	0.02570
	0.00860

	A332
	2.30%
	0.03186
	0.03256
	0.00967

	B742
	1.85%
	0.03818
	0.03220
	0.01045

	A343
	1.13%
	0.03440
	0.03256
	0.00911

	A346
	0.84%
	0.04066
	0.03439
	0.00963

	B77L
	0.79%
	0.03441
	0.03499
	0.01006


Table 2.  Size of Aircraft Observed in the Anchorage Oceanic FIR

2.11.4. Average Absolute Relative Along-Track Speed Between Aircraft Pairs - 
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2.11.4.1. When assessing longitudinal risk a series of different values are used for the relative along track speed.  These speeds depend on the initial separation between the aircraft.  Based on this separation, the speed required for the trailing aircraft to overtake the leading aircraft can be determined assuming that the leading aircraft maintains a constant speed.  These values were determined for initial separations from 10 to 30 minutes.
2.11.5. Average Absolute Relative Cross-Track Speed Between Aircraft Pairs - 
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2.11.5.1. As has been the case in all recent safety assessments conducted to support separation changes in the Pacific and North Atlantic, the value of the average absolute relative cross-track speed is 5 knots.
2.11.6. Average Absolute Relative Vertical Speed Between Aircraft Pairs - 
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2.11.6.1. As has been used in the case of all recent safety assessments conducted to support separation changes in the Pacific and North Atlantic, the value used for this analysis is 1.5 knots.  This value also reflects the effect of the RVSM in height-keeping performance.
2.11.7. Probability of Longitudinal Overlap
2.11.7.1. The remaining terms in the longitudinal risk model address the estimation of the probability of longitudinal overlap, which is defined as the probability that a pair of same-route, co-altitude aircraft lose all placed longitudinal separation.  The distribution of the initial separation in terms of time, E(m), and the distribution of the change in separation in terms of time, Q(m), are used to represent the probability of longitudinal overlap between a pair of aircraft by:
Probability of Longitudinal Overlap = 
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    for all values of m
The value of T which is the time required to cross Anchorage’s oceanic airspace was taken to be 0.7679 hour in the safety assessment.
2.11.8. Distribution of Initial Longitudinal Separation – Q(m)
2.11.8.1. The Ocean21 data archives collected from the Anchorage FIR from November 2007 through February 2009 contained 2565 longitudinally proximate aircraft pairs.  Figure 2 shows the initial longitudinal separation for these aircraft pairs.  There were 20 aircraft pairs in the data sample that had initial separations less than 9 minutes.  All of the operations involved in these 20 aircraft pairs met the criteria for the application of the 50 NM longitudinal separation standard (i.e. Required Navigation Performance (RNP)10 or better and active ADS-C periodic contracts of 27 minutes or less), therefore these aircraft pairs were removed from the analysis.  Five pairs had 9 minutes of initial separation; these pairs remained as part of the analysis since it was possible that these pairs were using 10 minute longitudinal separation with the leading aircraft travelling faster than the trailing aircraft.
2.11.8.2. Aircraft pairs with initial separation of 30 minutes or less are considered in this distribution due to the relatively short flying time in the airspace.  Due to the relatively small average flying time for operations in the oceanic portion of the Anchorage FIR oceanic (0.76 hours), it is not likely for aircraft pairs separated by more than 30 minutes would loose enough separation to be relevant to this study. 
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	Figure 2.  Distribution of Initial Longitudinal Separation 


2.11.9. Distribution of Change in Longitudinal Separation - E(m)
2.11.9.1. Figure 3 presents an empirical histogram of the change in separation observed between eastbound aircraft pairs.  The negative values in Figure 3 represent a reduction in separation.  The data needed to estimate the probability of longitudinal overlap are the aircraft pairs with an observed decrease in separation.  Figure 3 shows that the largest observed change in longitudinal separation was in the range of plus or minus 3 to 3.5 minutes.  In order to determine the probability of loosing all longitudinal separation using the empirical distribution, observations of actual reductions in longitudinal separation of 10 minutes or more are needed.  It may take years of data collection to find decreases in separation of these magnitudes.  Therefore, data must be projected beyond the observed range of data using distribution fitting.  For this analysis, the data was fit to an exponential distribution with a mean of 
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	Figure 3.  Distribution of Change in Longitudinal Separation


2.12. Estimate of Longitudinal Risk and Comparison to the TLS
2.12.1. Using all of the parameter values and the risk model described in the previous section the estimate of longitudinal collision risk is 1.13 x 10-12 fatal accidents per flight hour due to the loss of planned longitudinal separation.
2.12.2. This value satisfies the TLS value applicable to judging the safety of the longitudinal separation standard, 5.0 x 10-9 fatal accidents per flight hour due to loss of planned longitudinal separation.  Therefore, based on the data collected to date, we can project that the use of 10 minute longitudinal separation without MNT will produce an airspace where the rate of collision is less than one collision every 200 million flight hours.
3. Recommendations
3.1. The meeting is invited to note the information provided in this paper.
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SUMMARY





This paper summarizes the preliminary safety assessment conducted for the use of 10 minute longitudinal separation without MNT in the Anchorage FIR.  The result of the study is that the estimate of longitudinal collision risk is 1.13 x 10-12 fatal accidents per flight hour, which meets the target level of safety of 5.0 x 10-9 fatal accidents per flight hour.  This value satisfies the Target Level of Safety (TLS) value applicable to judging the safety of the longitudinal separation standard.
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