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1. Introduction

1.1. At the IPACG meetings 38 and 39, Electronic Navigation Research Institute (ENRI) presented the results of computer simulations to relieve the restrictions for the eastbound User Preferred Routes (UPRs) to avoid PACOTS Track 2 by at least 50 NM.
The results showed that the model which relieved current UPR restrictions by branching south from PACOTS Track 2 obtained an overall fuel consumption benefit, but that the benefits were not distributed evenly, with flights to Los Angeles enjoying greater fuel consumption benefits than flight to San Francisco. 
1.2. From the practicing the some simulations after that, it can be said that there is tendencies of the benefit caused by branching UPRs from the Track 2 as following.
· Excessive traffic concentration at the same gateway (more than 80 % of flights to San Francisco and Los Angeles chose the same gateway in 50% of Required Navigation Performance 4 (RNP4) scenario) causes negative effect for flights to San Francisco because flight of the ideal altitude will be difficult[1].
· When the original PACOTS designed is already efficient for all Tracks, the effect of introducing branching UPR is not so great [1].
1.3. In the above, the first is concerned in RNP4 installation rate, since obtaining ideal altitudes depend on applying separations between aircraft. The second is suggesting that a process of generating PACOTS Track 2 affect the effect of branching UPR from PACOTS Track 2.
1.4. As concerns RNP4 installation rate, the number of aircraft with RNP4 capability rapidly increased from autumn 2013. In April of 2014, RNP4 installation rate was 75% to 80% in North American flights flying within the Fukuoka Flight Information Region (FIR). 
1.5. This paper provides the results of another simulation based on the above results, focusing on Track generating process and flight with ideal cruising altitude. The simulation was executed under the condition that not only branching to the south, but alto to the north from PACOTS Track 2 relieves the restrictions, using the scenario of high RNP4 installation rate. 
2. Simulation conditions
2.1. We compared two different model cases for UPR track generation. The first case, “Model N” is the baseline case that includes the current restriction to avoid PACOTS Track 2 by at least 50 NM. The second case is “Model B” which allows Track 2 UPRs to branch southward and northward from PACOTS Track 2, but are not permitted to re-converge to avoid complexity of route structures. 
2.2. Since PACOTS Track 2 becomes the boundary line on flying branching UPRs, the procedure to determine PACOTS Track 2 is vitally important. At first, we created Track 1, 2 and 3 so as to minimize flight time (MTT; Minimum Time Track) under several wind conditions. Then a wind condition was chosen, in which Japanese gateways of Track 1, 2 and 3 were the same. Eventually, three patterns of Track 2 were generated. In pattern “W1”, we generated tracks giving priority to Track 1. The priority track was Track 2 in pattern “W2” and Track 3 in pattern “W3”.
2.3. One hundred and fifty two (152) flight plans from airports in Japan and other Asian countries to Ted Stevens Anchorage International Airport (PANC), Dallas/Fort Worth International Airport (KDFW), Seattle-Tacoma International Airport (KSEA), San Francisco International Airport (KSFO) and Los Angeles International Airport (KLAX) were generated based on actual flight plans for a busy autumn day in 2013. 80% of the flights had RNP4 capability in this scenario.
2.4. As an indicator, flight time and fuel consumption were used. After generating UPR trajectories, we carried out Air Traffic Control (ATC) simulations by changing flight altitude so as not to overlap trajectories. So, the number of times of flight altitude changes was used as an additional indicator. 
3. Results
3.1. Figure 1 shows the total flight time and total fuel consumption of 152 flights. In most cases, as compared with Model B, Model N flies for a longer time and consumes more fuel. In patterns “W2” and “W3”, the difference was especially larger in fuel consumption.
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*Since each flight tracks were created by MTT, shorter flight time not necessarily compare to low fuel consumptions.
Figure 1: Total flight time and total fuel consumption

3.2. Altitude change was carried out in ATC simulations for conflict resolution. It means that flights which changed altitude were not able to fly at an ideal altitude. Also, the negative effect on fuel consumption increased by larger change width. 20% to 25% of flights changed their cruising altitude due to overlapping trajectories. Table 1 shows number of flight altitude change and change width. As concerns number of flight altitude change, pattern “W1” was the lowest, “W2” and “W3” performed almost the same way. The most of change width is 1,000feet lower, and there were almost no differences in the number between Model B and Model N in all patterns.
Table 1: Number of Altitude Change and Change Width

	Change Width(Feet)
	2,000
	1,000
	-1,000
	-2,000
	-3,000
	-4,000
	TOTAL

	W1-B
	2
	4
	27
	3
	0
	0
	36

	W1-N
	1
	3
	27
	4
	0
	0
	35

	W2-B
	1
	5
	30
	4
	0
	0
	40

	W2-N
	1
	5
	32
	3
	0
	0
	41

	W3-B
	1
	5
	32
	3
	0
	0
	41

	W3-N
	1
	3
	32
	4
	0
	3
	43


3.3. Table 2 shows the average differences in flight time and fuel consumption per flight. The values were obtained by subtracting Model B results from Model N results (Model N – Model B), so positive values indicate that an average flight of Model B flight operates with less fuel burn and shorter flight time. The “Altitude Change” expresses the tendency of altitude change in Model B. “+” symbolizes that altitude change of Model B is higher than that of Model A, and “-“ symbolizes the opposite. The “North Branch” was the result of flights destination to KDFW and KSEA, and the “South Branch” was the result of flights destination to KSFO and KLAX.
Comparing altitude change and fuel consumption, there was a large benefit to Model B (dark orange background) even though there was no difference in the altitude change in pattern “W2” or even though the altitude change was high in pattern “W3. Also, the result was that branching to the north indicates higher benefits than branching to the south.
Table 2: Performance differences in Model N and Model B per flight
	
	W1
	W2
	W3

	Destination
	Altitude Change
	Flight Time
	Fuel Consumption
	Altitude Change
	Flight Time
	Fuel Consumption
	Altitude Change
	Flight Time
	Fuel Consumption

	North Branch
	+
	0.0
	73
	0
	0.3
	2,593
	+
	1.8
	1,874

	South Branch
	0
	-0.2
	-29
	0
	0.0
	11
	0
	0.4
	164

	ALL*
	0
	-0.1
	21
	0
	0.1
	1,058
	+
	0.9
	815


*ALL is a weighted average of the flight number, so the values are different from the arithmetic average of the value of above.
4. Benefit of Branching UPRs from PACOTS Track 2
4.1. Figure 2 shows positional relationships with Track 2 when varying priorities in the track generating process. When giving priority to Track 3, Track 2 is created on a northerly course, and when giving priority to Track 1, Track 2 is created on a southerly course. 
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Figure 2: Positional Relationship of the Track 2 varying priorities
4.2. From the result of this study, there were less positive branch path effects in pattern “W1” pattern whereas benefits were high in patterns “W2” and “W3”. Since Track 2, which is the boundary, was generated toward the south in patten“W1”, there was a lot of flexibility in designing routes toward the north. Therefore, the differences between Model B and Model N reduced since it is possible to fly efficient paths without branching intentionally. The differences between pattern “W1” and patterns “W2” and “W3” depend on larger separation between Track 1 and Track 2 than between Track 2 and Track 3. KSEA and KSFO are separated by nearly 10 degrees in latitude, so it is easy to largely open the space between Track 1 and Track 2.
This reason also caused higher benefit of north branching than south branching in patterns “W2” and “W3”. The route choice is reduced for the flight to the north in patterns “W2” and “W3”, so north branching was effective. 
5. ATC Procedure’s Issues
5.1. Branching UPRs from PACOTS Track 2 have a high potential for lower fuel consumption and shorter flight time than current operation, however there are some issues to apply actual ATC procedures. One of it is applying non-ADS (Automatic Dependent Surveillance) separations before departure.
5.2. In actual ATC operation, Air Traffic Controllers (ATCOs) issue the authorized cruising altitude to the before departure aircraft based on non-ADS separation. Figure 3 shows the benefit of south branching model UPRs compared to current operation model of three scenarios [2]. Each scenario varies the proportions of RNP4 capabilities shown in Table 3. In scenario 1, there was a negative effect at the branching model that is caused by traffic concentration at the same gateway. Total benefit is grown in step with RNP4 capabilities aircraft’s increasing.
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The result means that the demerit of traffic concentrations of branching model were avoided by applying reduced separation minima. At the same time, it means that it will be difficult for ATCOs to assign requested cruising altitude before departure by traffic concentration of branching model since they apply non-ADS separations.
Table 3: Scenario varying proportions of RNP4 [2]
	
	RNAV10(RNP10)
	RNP4

	Scenario 1
	37(100%)
	0(0%)

	Scenario 2
	19(51%)
	18(49%)

	Scenario 3
	0(0%)
	37(100%)


Figure 3: Benefit of south branching UPRs of 

KLAX and KSFO flights (Mean per flight) [2]
5.3. Another issue is possibility of increasing crossing/conversing flight trajectories caused by branching UPRs. In this simulation, “no re-converge” condition was applied to avoid excessive crossing/converging point. This condition was effective in the computer simulation. However, even if there is a control separation as a result, ATCOs must ensure that there are enough separations between aircraft. So, a lot of crossing/conversing point will increase the workload of ATCOs. In addition, it is easy to image that the diversity of the flight trajectories increase through more choices to plan flight courses in actual operations. It is still requires verification feasible number of crossing/converging point for actual ATCOs procedures.
6. The conclusions of this paper are organized as follows:
· The branching UPRs from PACOTS Track 2 have a potential for lower fuel consumption and shorter flight time than the current operation in present rate of RNP4 capabilities.
· Especially, when the PACOTS Track 2 is generated as a priority to the Track 2 or Track 3, there is a high effect in the flight branching to the north.

· There still remains some issues for actual ATC operations to the introduction of UPRs of Track 2.
7. Conclusion
The meeting is invited to note the information provided.
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SUMMARY


This paper reviews the effectiveness of branching User Preferred Routes (UPRs) from PACOTS Track 2 on the basis of the result of some computer simulations.
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