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Appendix 1

[image: image8.png]US OPERATED PASSENGER TURBOJET AVERAGE RETIREMENT AGE

NOVEMBER 2006
AVERAGE | NUMBER |WEIGHTED
RETIREMENT OF AVERAGE

EQUIPMENT TYPE AGE [AIRCRAFT] AGE
CAN. CRJ100/200/440 (CL-600-2B19) 17 1 17
FOKKER F-28-1000 28 2 56
FOKKER F-28-2000 238 1 238
FOKKER F-28-4000/6000 184 4 736
FOKKER 100 (F-28-0100) 118 9 106.2
YEW-614 261 2 522
BAC-111-200 261 18 4698
BAC-111-300 284 2 56.8
BAC-111-400 211 2 422
BAC-111-500 183 4 732
SUD SE-210 CARAVELLE BN/BR 26 3 78
DOUGLAS DC-9-10 314 34 1067 6
DOUGLAS DC-9-10 STAGE 3 384 12 460.8
DOUGLAS DC-8-10F STAGE 3 368 1 368
DOUGLAS DC-9-20 STAGE 3 294 4 1176
DOUGLAS DC-9-30 303 95 28785
DOUGLAS DC-9-30 STAGE 3 341 65 22165
DOUGLAS DC-9-30F 323 8 2584
DOUGLAS DC-9-30F STAGE 3 346 1 346
DOUGLAS DC-9-40 259 3 77T
DOUGLAS DC-9-40 STAGE 3 283 21 5943
DOUGLAS DC-9-50 248 24 5952
DOUGLAS DC-9-50 STAGE 3 273 1 273
DOUGLAS MD-81 (DC-9-81) 231 23 5313
DOUGLAS MD-82 (DC-9-82) 213 56 11928
DOUGLAS MD-83 (DC-9-83) 192 8 1536
DOUGLAS MD-87 (DC-9-87) 165 2 33
DOUGLAS MD-90-30 78 5 39
BOEING 737-100 285 23 6555
BOEING 737-200 276 131 36156
BOEING 737-200 STAGE 3 255 64 1632
BOEING 737-200C/-200F 293 2 586
BOEING 737-200C/F STAGE 3 303 2 60.6
BOEING 737-300 184 14 2576
BOEING 737-400 146 4 584
BOEING 737-500 135 4 54
AIRBUS A320-200 16 7 112
BOEING 757-200 213 6 1278
AIRBUS A310-200 188 8 1504
AIRBUS A310-300 164 6 984
AIRBUS A300B2 217 11 2387
AIRBUS A300B4-100/-200 202 45 909
BOEING 767-200 218 16 3488
BOEING 727-100 287 134 38458
BOEING 727-100 STAGE 3 393 1 393
BOEING 727-100C/F STAGE 3 38 3 114
BOEING 727-200 263 236 6206.8
BOEING 727-200 STAGE 3 259 233 60347
LOCKHEED L-1011 TRISTAR 1 245 57 13965
LOCKHEED L-1011 TRISTAR 50 275 21 5775
LOCKHEED L-1011 TRISTAR 100 232 11 2552
LOCKHEED L-1011 TRISTAR 150 295 2 59
LOCKHEED L-1011 TRISTAR 200 215 6 129
LOCKHEED L-1011 TRISTAR 500 213 5 106.5
DOUGLAS DC-10-10 242 16 3872
DOUGLAS DC-10-15 204 4 816
DOUGLAS DC-10-30 281 47 13207
DOUGLAS DC-10-40 288 21 6048
DE HAVILLAND DH 106 COMET 1/2 218 1 218
DE HAVILLAND DH 106 COMET 4/4B/4C 192 4 768
CONVAIR 880 203 35 7105
CONVAIR 990 228 10 228
BOEING 720 184 28 5152
BOEING 7208 217 44 9548
BOEING 707-120 211 5 1055
BOEING 707-120B 19.1 90 1719
BOEING 707-220 211 1 211
BOEING 707-320 205 20 410
BOEING 707-420 182 14 2548
BOEING 707-3208B 201 78 1567.8
BOEING 707-320C 213 5 106.5
DOUGLAS DC-8-20 19 24 456
DOUGLAS DC-8-20F 233 2 466
DOUGLAS DC-8-30 218 6 1308
DOUGLAS DC-8-40 203 8 1624
DOUGLAS DC-8-50 228 36 8208
DOUGLAS DC-8-50F 195 1 195
DOUGLAS DC-8-61 304 3 912
DOUGLAS DC-8-62 291 2 582
DOUGLAS DC-8-62F STAGE 3 373 1 373
YICKERS VC-10 133 3 399
AEROSPATIALE/BAC CONCORDE 268 3 804
BOEING 747SP 226 12 2112
BOEING 747SR 219 16 3504
BOEING 747-100 268 84 22512
BOEING 747-100/SCD 285 3 855
BOEING 747-100B 218 1 218
BOEING 747-2008 268 46 12328
BOEING 747-200B/SCD 22 2 44
BOEING 747-300 184 2 368
BOEING 747-300/SCD 20 2 40

'WEIGHTED AVERAGE AGE

344377






[image: image9.png]US OPERATED CARGO TURBOJET AVERAGE RETIREMENT AGE

NOVEMBER 2006
AVERAGE | NUMBER (WEIGHTED
RETIREMENT OF AVERAGE

EQUIPMENT TYPE AGE AIRCRAFT] AGE
SUD SE-210 CARAVELLE BN/BR 212 4 848
SUD SE-210 CARAVELLE 10R 35 1 35
DOUGLAS DC-9-10F 294 1 294
DOUGLAS DC-9-30 STAGE 3 374 8 2992
DOUGLAS DC-9-30F 337 20 674
DOUGLAS DC-9-30F STAGE 3 352 2 704
BOEING 737-200C/-200F 28 1 28
AIRBUS A300B4-100/-200 206 1 206
AIRBUS A300B4-100F/-200F 274 1 274
BOEING 727-100 287 11 3157
BOEING 727-100C/-100F 328 15 492
BOEING 727-100C/F STAGE 3 369 96 35424
BOEING 727-200 255 2 51
BOEING 727-200F 299 1 299
BOEING 727-200F STAGE 3 333 38 12654
LOCKHEED L-1011 TRISTAR 1 246 1 246
LOCKHEED L-1011 TRISTAR 200F 295 3 885
DOUGLAS DC-10-10 301 29 8729
DOUGLAS DC-10-30F 30 2 60
CONVAIR 880 279 2 558
CONVAIR 880 FREIGHTER 228 3 684
BOEING 707-220F 242 1 242
BOEING 707-320F 234 1 234
BOEING 707-3208B 17.3 1 17.3
BOEING 707-320C 268 31 8308
DOUGLAS DC-8-20 206 11 2066
DOUGLAS DC-8-20F 245 7 1715
DOUGLAS DC-8-30 216 4 864
DOUGLAS DC-8-30F 261 15 3915
DOUGLAS DC-8-50 295 8 236
DOUGLAS DC-8-50 STAGE 3 346 1 346
DOUGLAS DC-8-50F 346 21 7266
DOUGLAS DC-8-50F STAGE 3 379 9 3411
DOUGLAS DC-8-61 33 5 165
DOUGLAS DC-8-61 STAGE 3 348 3 1044
DOUGLAS DC-8-61F 328 8 2624
DOUGLAS DC-8-61F STAGE 3 371 1 371
DOUGLAS DC-8-62 STAGE 3 335 6 201
DOUGLAS DC-8-62F 318 1 318
DOUGLAS DC-8-62F STAGE 3 324 1 324
DOUGLAS DC-8-63 344 1 344
DOUGLAS DC-8-63 STAGE 3 334 6 2004
DOUGLAS DC-8-63F 341 1 341
DOUGLAS DC-8-63F STAGE 3 38 1 38
DOUGLAS DC-8-71F 36.1 16 5776
DOUGLAS DC-8-73F 347 5 1735
BOEING 747-100/SCD 316 19 6004
BOEING 747-2008 255 1 255
BOEING 747-200B/SCD 322 1 322
BOEING 747-200B/EUD/SCD 256 2 512
BOEING 747-200C 285 1 285
BOEING 747-200F 297 2 594

'WEIGHTED AVERAGE AGE

817552




Appendix 2

Appendix 3

[image: image10.png]FAA U.S. Fleet Forecast

Fixed Wing Rotorcraft Regional |Large Category,
Year Single Engine] Multi Engine] TurboProp| TurboJet | Piston | Turbine |Turboprop|  Turbojet
2012 147,590 17,605 9,430 13185 4,945 5,820 1,032 8292
2013 148,390 17,625 9,630 13970 5190 5975 1,032 8522
2014 148,745 17,640 9,830 14,785 5440 6,140 1,032 8770
2015 149,075 17,660 10,030 15,605 5635 6310 1,032 9,047
2016 149,370 17,675 10,230 16,430 5,830 6,480 1,031 9345
2017 149,670 17,670 10430 17,270 6,025 6,660 1,031 9,645
2018 149,969 17,688 10618 18,151 6,266 6,820 1,029 9926
2019 150419 17,705 10,809 19,076 6517 6984 1,028 10216
2020 150,871 17,723 11,003 19,935 6777 7,151 1,024 10516
2021 151323 17,741 11,201 20,832 7,048 7323 1022 10,829
2022 151,777 17,759 11403 21,665 7313 7498 1,020 11,156
2023 152,232 17,776 11,608 22532 7587 7678 1,017 11493
2024 152,689 17,794 11817 23320 7871 7,863 1,015 11,831
2025 153,147 17812 12,030 24,137 8167 8,051 1012 12,180
2026 153,607 17,830 12,247 24,861 8473 8,245 1,010 12537
2027 154,067 17,847 12467 25,607 8791 8443 1,008 12911
2028 154,530 17,865 12,691 26375 9,098 8,645 1,005 13,297
2029 154,993 17,883 12920 27,166 9417 8,853 1,003 13,695
2030 155458 17,901 13,152 27,981 9,746 9,065 1,000 14,106
2031 155,925 17919 13389 29,009 10112 9,283 998 14,531
2032 156,392 17,937 13,630 29,856 10491 9505 996 14,970
2033 156,862 17,955 13,876 31,007 10,884 9734 993 15421
2034 157,332 17973 14,125 31,751 11292 9,967 991 15,886
2035 157,804 17,991 14,380 32,726 11716 | 10,206 988 16,365

Source: FAA Aerospace Forecasts, Fiscal Years 2005-2017, 2018-2030 Long Range Forecast, APO-110]
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Appendix A FAA Radar Surveillance Costs Under ADS-B Out Scenario

Table A.1 Legacy Sustain Costs Under ADS-B Out Scenario 2007 $
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Table A.2 Legacy Backup Cost for ADS-B Out Surface and Airborne Backup costs (2007 K$) 
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Table A.3 Radar Decommissioning Costs (2007 K$) 
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 Table A.4 Other Legacy Costs for ADS-B Out Scenario (2007 K$) 
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Appendix B – Description of How the ADS-B Out Benefits Were Estimated

B.1 Increased Capacity over the Gulf of Mexico - Benefits of Reduced Delay

Current non-radar separation in the Gulf of Mexico constrains the number of flights that can operate in each of the Air Route Traffic Control Center Gulf (ARTCC) sectors (ZHU79 and ZHU72).   According to ZHU controllers many flights experience ground or air delay because of this constrained airspace.   Currently delay only occurs during highly seasonal peak traffic days.
   As demand increases we expect days with delays to increase.  

The first step in the analysis was to estimate the increase in capacity that might reasonably be achieved by radar-like separation.  Discussions with representatives from Houston Center revealed that the monitor alert parameter (MAP) value 
 is 12 for Sector ZHU 72and 18 for sector ZHU 79, the two sectors comprising the airspace over the Gulf of Mexico.   The average time an aircraft spends in the region (both sectors) is 32 minutes.  Combining these gives an hourly capacity of 56 aircraft.  Representatives from Houston center estimated that the combined MAP value would rise to 40 after surveillance, which would give an hourly capacity of 75 aircraft.  This represents the maximum number of aircraft per hour that Houston Center could handle with a surveillance system and a five-mile separation given the current two sectors.  While complete surveillance coverage across the Gulf of Mexico has the potential with the addition of a third sector, to provide much greater increases in air traffic capacity, this initial estimate takes into account current en route airspace constraints in Mexico as well as airport capacity limitations at some of Mexico’s most popular destinations.   Our operational experience indicates that Mexico can handle no more than 75 to 80 aircraft an hour.  Therefore, in the following analysis we use 75 aircraft as the hourly capacity that could be achieved with today’s airspace design, assuming a seamless surveillance and a reduced separation standard.

We started with actual operations over the Gulf of Mexico for each day in 2004. 
  This data was obtained from the FAA Air Traffic Data Activity System (ATADS) Houston Oceanic operations counts for each day in 2004
.   

For example, on December 31, 2004, there were a total of 294 oceanic operations tracked by the Houston Center (ZHU).    This represents the number of operations over the Gulf of Mexico on that day as displayed in Table B.1 below.

Table B.1 Number of Flights over the Gulf of Mexico on 12/31/2004

CENTERS : Oceanic


From 12/31/2004 To 12/31/2004 :  ZHU 



	 
	DEPARTURES
	OVERFLIGHTS

	Facility
	Date
	AC
	AT
	GA
	MIL
	AC
	AT
	GA
	MIL

	


	ZHU 
	12/31/2004
	0
	0
	0
	0
	226
	5
	22
	41
	
	

	Total
	 
	0
	0
	0
	0
	226
	5
	22
	41
	
	


In this way, we collected the number of operations over the Gulf of Mexico for every day in 2004.  The second column of Table B.2 (highlighted in yellow) gives a snapshot of the number of actual operations organized from high to low for the 31 days in 2004 with the highest number of operations.   The highest operation day in 2004 was 451.   Then we reduced the number of operations by 10% to account for operations that only made small incursions into oceanic sectors.  The third column in Table B.2 is a snapshot of the starting point from which we forecast operations to represent future years.  

Table B.2 Estimated Number of Flights Per Day
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To forecast operations for years out to 2035, we derived total operations for the U.S. to and from Latin America using several forecasts from the 2006 FAA forecast. 
   We multiplied the average seats per aircraft (international) 
 by the scheduled passenger capacity and load factors 
 to obtain passengers per aircraft.  Then we divided the total passenger traffic to and from the U.S. from Latin America 
 by the average passengers per aircraft
 to derive the estimated total operations and computed the percent change in operations from year to year, as presented in Table B.3.  

Table B.3 Forecast of High Altitude Operations in Gulf of Mexico
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Using the estimated growth in operations up to year 2017 as presented in the last column of Table B.3 and derived from the FAA forecast 
 and an assumed 4% growth rate after 2017, we increased each daily number of flights starting in the third column of Table B.2 out to the year 2035.  The percent change in operations (shown in the last column of Table B.3) is indicated on the second row of Table B.2 above (which shows a snapshot of flights growing per year).    The specific tables from which the numbers in Table B.3 originate in the FAA forecast are indicated in the top row of Table B.3.
Next we took our forecast (Table B.2 – Estimated Number of Flights per Day) and counted the number of days for each year that would experience operations falling into various daily demand groupings.  Table B.4 presents a snapshot of these groupings for selected years.  For instance, we estimate that in 2015 there will be one day during which high altitude operations will be less than 200, 10 days with operations from 200 to 249, 45 days with 250 to 299 operations and so on.    
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Table B.4 Unconstrained Daily Demand 

In order to estimate the delay for each level of operations under the base case scenario (no surveillance over the Gulf) and under the ADS-B Out scenario (ADS-B surveillance over the Gulf) a queuing model developed by MCR Federal was used.  

To run the queuing model with hourly capacities, we needed an hourly demand profile.  ZHU ARTCC provided the hourly demand profile based on the four busiest days in 2003.  This profile was applied to the midpoint of each of the daily operations groupings to derive an hourly demand profile for each level of operations.    Table B.5 displays the hourly demand profile for a day for 675 operations (representing the midpoint of operations from 650 to 699).   For example, 12.8% of the 675 operations or 86 operations occurs at 10 a.m.

Table B.5
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Hourly Demand Profile on Peak Days

This hourly demand distribution for the midpoint of each daily demand grouping was input into the queuing model.  The queuing model was then run for the base case capacity (56 aircraft per hour) and the surveillance capacity (75 aircraft per hour).   The queuing model produced a probability distribution of delay minutes for each grouping.   

We assume that delays beyond 20 minutes per flight are not acceptable 
 and we will not accommodate demand for flights if the delay is expected to surpass 20 minutes.  According to the queuing model 20-minute delays are encountered at daily flight levels of 675 under the baseline and 925 under the surveillance case.   We therefore constrain demand at 675 for the baseline and at 925 for the surveillance case.  Table B.6 shows demand constrained at 675 flights for the baseline and Table B.7 shows demand constrained at 925 flights for the surveillance case.

Table B.6 Daily Demand Constrained at 675 Flights 
 – Baseline
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Table B.7 Daily Demand Constrained at 925 Flights 
– Surveillance Case
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Table B.8 shows the results of the queuing model when run for a daily demand level of 675. The results show that at 675 daily flights there will be 13500 minutes of total delay for the base case capacity and 512 minutes total delay for the surveillance capacity at the 50th percentile.  This works out to 20 minutes per flight under the base case and .8 minutes per flight under the surveillance scenario.  The daily savings in hours between the base case and surveillance case is estimated to be 216.5 at a daily flight level of 675 ((20-.8) x 675/60).  

Table B.8 Delay for Baseline (56/hour) and Surveillance (75/hour)

Scenarios at a Daily Flight Level of 675
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At daily demand levels beyond 675, we calculate the difference in delay between the base case capacity and surveillance capacity for daily flight levels up to 675.  The reason we only calculate the difference in delay for the first 675 flights is because we assume that under the base case the maximum daily number of flights over the Gulf will be 675.  

For example see Table B.9 below.  For the daily demand levels of 725 the delay savings are 203.5 calculated as follows:   ((20-1.9) x 675)/60 = 203.5.  The rule (surveillance case) would confer the benefit of 203.5 hours less delay compared to the base case for those days with demand levels of 725.  In addition, without the rule, for each day with a demand level of 725, 50 flights will not be accommodated, so there is a benefit of additional flights accommodated which would be enabled by the rule.  The number of additional flights accommodated by the rule is explained below.  

Table B.9 Results of Queuing Model for Base Case and Surveillance Case at 725

Daily Flights
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The daily delay in minutes at each demand level for the baseline and surveillance is presented in Table B.10.  For instance, at a demand level of 575 we estimated delays of 3.92 minutes per aircraft under the baseline and .07 minutes with surveillance using the queuing model.  We then convert to total delay hours per year by multiplying the delay times the midpoint of the daily operations (or demand) grouping times the number of days that we have forecast for that grouping divided by 60.  So for a demand level of 575, under the baseline, the delay is calculated as follows:  (3.92 x 575 x 62)/60 = 2,329.  

For daily demand beyond the 675 (which is the level at which flights are not accommodated under the baseline) the surveillance delay savings is only counted for up to 675 operations.  Beyond that, the benefit to the surveillance case is counted as additional operations.

Total delay in hours under the baseline is 22,352 and under the surveillance case it is 3,814.  The surveillance case results in a savings of 18,538 hours relative to the baseline in 2025 as illustrated in the table below. 

Table B.10 Delay Savings for Daily Flight Levels of Demand
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We assume that capacity would be phased in starting in year 2012 to reach full compliance by 2020 as presented in Table B.11. 
   Therefore, the full amount of delay savings cannot be achieved until 2020.  Table B.11 summarizes annual delay savings in hours and indicates phasing in of equipment with the resulting hours that we estimate will be saved under the surveillance case relative to the baseline.  It then computes an economic value of the delay hours saved.   The factors used in computing the economic value of delay savings benefits are in Table B.13.

Table B.11 Annual Delay Savings in Hours, Capacity Phasing, Hours Saved and Economic Value of Delay Savings (2007 M$)
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Table B.12 Passenger Value of Time 
, 
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Table B.13 Factors Used to Compute Economic Value
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TOTAL
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 P.V. FACTOR

DISCOUNTED (2007 $M)


The dollar value of one hour of delay savings was calculated using the factors in Table B.13.  The distribution of traffic among air carrier and commuter, air taxi, GA and military was computed using the oceanic overflight data from ATADS.  This provided a weighting for the hourly costs of delay.   

Aircraft direct operating costs (ADOC) are estimated per hour on the ground as $1,957 for air carriers TAF, $520 for air taxis and $526 for general aviation.
   Average passenger value of time is derived by multiplying passenger capacity by load factor 
 to derive passengers per aircraft and multiplying passengers per aircraft by the hourly value of passenger time 
.  These values are presented in Table B.13   Values used to calculate hourly passenger value of time per aircraft are found in Table B.12.

The value of $4,165 per one hour of delay savings was derived by taking a weighted average of the sum of ADOC ground operating costs and the average passenger value of time for each type of operations, weighted by the percent of traffic accounted for by each type.  This value was then multiplied by the hours saved (Table B.11) each year to derive an economic value of delay savings.  These delay savings were then discounted at 3% and 7%.  The analysis did not take into account any downstream delay savings that might be achieved due to ADS-B.    Downstream delay occurs when an aircraft that is delayed causes further delays in the system.  Therefore, the benefits are underestimated.  

We estimated the benefits of avoiding delays that would be encountered by high altitude operations are $1.8 billion or $946 million discounted at 3% and $421 million discounted at 7%.   These results are presented in Table B.11.

Additional Flights Accommodated by ADS-B

As mentioned above, our analysis assumes that flight delays in excess of 20 minutes will not be tolerated.  Demand levels that could result in flight delays above 20 minutes are not accommodated.  The queuing analysis indicated that without surveillance over the Gulf, delays of 20 minutes occur at a level of operations of 675 per day.  If there is surveillance, (as would be the case with ADS-B) delays would occur at daily flight levels of 925.   On days that we anticipate demand in excess of 675, ADS-B technology would accommodate more flights.  Starting in 2017 we forecast that there will be days on which daily flight demand will exceed 675 as indicated in Table B.14.   Without surveillance in the Gulf we would not accommodate demand in excess of 675.  
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Table B.14 Unconstrained Daily Demand

The difference in number of flights that would be accommodated given ADS-B surveillance in the Gulf of Mexico are presented in Table B.15 below.  For each demand level above 675, the difference in flights between that level and the next (50 flights) is multiplied by the number of days that we expect that level of demand according to our forecast.  
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Table B.15 Additional Flights Accommodated Because of Surveillance
For instance, according to our forecast, in 2018 there would be 4 days, during which demand would reach 725 operations per day and no days during which it would exceed 725 operations.    ADS-B technology would allow an additional 50 flights above the level that would be tolerated without surveillance for 4 days so the technology would allow for accommodation of 200 more flights in 2018 than the base case.

Table B.16 summarizes the additional annual flights accommodated by having ADS-B surveillance technology in the Gulf of Mexico.  We estimate that a total of 246,400 additional flights might be accommodated with ADS-B beyond that which would be accommodated without surveillance in the Gulf.
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Table B.16 Additional Flights Accommodated

Optimal and More Direct Routing Benefits

The FAA examined the top twenty city pairs from the US to Mexico and south whose direct paths crossed the non-radar region for April 2003 and estimated savings in nautical miles (NM-I) that could result with radar-like separation.  Appendix C describes in more detail how these savings were estimated.  Table B.17 shows the savings in nmi for the month of April 2003 for twenty city pairs over the Gulf that could have been achieved with the creation of more efficient routes. 
  There were a total of 4,063 flights between the twenty city pairs in April 2003.  Of these flights, 1105 were flights that flew through the non-radar region that could have benefitted from optimal routing.    The table shows how much savings in nmi could be achieved through optimal routing for flights between each city pair.   For instance, direct routing could save 18.3 nmi for flights operating between Miami (MIA) and Mexico City (MMMX).  A potential average savings of 15 nmi could be achieved by flights that operate between the twenty city pairs.   

We estimate the number of flights per year that fly through non-radar regions and could potentially save 15 nmi per flight with more optimal routing.  In April of 2003 there were 1105 of these flights.  April represents about 9% of the yearly traffic load.  We estimate that in 2003 there were about 12,266 flights through the non-radar regions that could have derived benefit from optimal routing.   We estimate that these flights will grow at about 4% a year.   Optimal routing could save each of these flights 15 nmi each.  Table B.20 below indicates the annual number of flights and total savings each year that might be achieved from optimal routing.  

Another 756 flights avoided the non-radar region either because the aircraft or crew may not be certified to fly that far from shore or because of limited capacity along the non-radar routes because of traffic.  Some of these flights could be granted a more direct route with the advent of surveillance.  We estimate that flights that could benefit from direct routing through the Gulf is equal to about 10.8% of the number of flights through the Gulf. 

Table B.17 shows how much savings in nmi could be achieved if these flights could fly through the non-radar area.   For instance, flying through the non-radar region could save a flight between Miami (MIA) and Mexico City (MMMX) 30.8 nmi.  We estimate that direct routing could save these flights on average 67.8 nmi per flight.  

Table  B.17 Optimal Route Savings Between Selected City Pairs Based on April 2003 Flights

[image: image31.wmf]Benefit Area

Benefit  2007 M$

Discounted 

at 3%

Discounted 

at 7%

Total Benefits

$9,948.5

$5,484.3

$2,657.7

Gulf of Mexico 

  High Altitude Operations

$2,067.2

$1,104.4

$509.9

      More Efficient En-Route Separation

          Delay Savings

$1,810.6

$946.1

$421.3

          Additional Flights Accommodated

      Optimal and More Direct Routing 

$256.6

$158.4

$88.6

Improved En route Conflict Probe Performance

$3,258.1

$1,774.0

$840.1

More Efficient Metering based on improved TMA accuracy

$1,746.6

$944.9

$441.1

Increased ability to perform continuous descent approaches

$2,876.7

$1,661.0

$866.6


Table B.18  Dollar Value of an Hour Saved with Optimal and More Direct Routing 

[image: image32.wmf]City 1

City2

Number of 

Flights

Count of 

flights 

already 

on 

optimal 

route or 

weather 

related

Count of 

current 

non-radar 

flights

Savings per 

flight 

current non-

radar 

routes 

(nmi)

Count of 

flights that 

avoided 

region

Savings per 

flight that 

avoided non-

radar route 

(nmi)

Total savings 

(nmi)

MIA

MMMX

574

0

292

18.3

282

30.8

14,030

IAH

MMUN

338

183

155

12.4

1922

DFW

MMUN

292

156

136

2.6

354

ATL

MMMX

271

152

119

5.8

690

MSP

MMUN

215

215

0

ATL

MMUN

219

122

97

30.6

2968

ORD

MMUN

212

169

10

30.6

33

82.3

3022

JFK

MMMX

217

118

99

5.8

574

CLT

MMUN

198

6

8

30.6

184

82.3

15,388

EWR

MMUN

185

73

61

30.6

51

82.3

6064

IAH

MZBZ

183

183

0

DTW

MMUN

168

117

17

30.6

34

82.3

3318

EWR

MMMX

158

91

67

5.8

389

DEN

MMUN

137

66

71

133.3

9464

IAH

MROC

126

126

0

STL

MMUN

130

130

0

IAH

MGGT

116

111

0

IAH

MSLP

111

111

0

PHL

MMUN

108

24

9

30.6

75

82.3

6448

JFK

MMUN

105

44

35

30.6

26

82.3

3211

TOTAL

4063

2197

1105

264.9

756

67,842


Table B.19  Daily Demand Constrained at 525
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$12,586

2029

$0

$52,114

$52,114

0.5219

0.2257

$27,198

$11,763

2030

$0

$52,114

$52,114

0.5067

0.2109

$26,406

$10,993

2031

$0

$52,114

$52,114

0.4919

0.1971

$25,637

$10,274

2032

$0
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$52,114

0.4776

0.1842

$24,890

$9,602
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$0

$52,114

$52,114

0.4637

0.1722

$24,165

$8,974

2034

$0

$52,114

$52,114

0.4502

0.1609

$23,461

$8,387

2035

$0

$27,856

$27,856

0.4371

0.1504

$12,175

$4,190



Table B.20  Value of Optimal and More Direct Routing Over the Gulf of Mexico in (2007 $M) 
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1,827
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We estimated total savings in nautical miles that could be achieved by more direct routes through the Gulf by estimating the number of flights that could fly these routes (10.8% of the number of flights over the Gulf) and multiplying that by an average savings of 67.8 nmi per flight.  Because adding these additional flights into the Gulf would also add demand to the High Altitude capacity model, we decided that the benefit would only accrue on days where there is little to no delay and we chose days with a demand level of less than 525.  To estimate number of flights per year we multiplied the number of days that we expected demand to be at various levels times that level and times 10.8% and summed all the levels.  Table B.19 shows number of days each year that we would encounter various daily demand levels.  For instance, in 2015 we expect there will be 45 days when there will be an average demand for 275 flights.  We multiply 45 by 275 and by 10.8% and do this for all the daily demand bins up to, but not including 525, and sum the results for an estimated 12,957 flights that could benefit from more direct routes over the Gulf.   We then multiply the number of flights by the average savings per flight (12,957 x 67.8) to derive a total potential savings for 2015 of 879,800 nmi.  These benefits are achieved as capacity is phased in, beginning in 2012, based on industry equipage.  We computed total savings (nmi) (529,705 for 2015) by adding potential optimal non-radar route savings (294,574 for 2015) to potential additional flight savings (879,801 for 2015) and multiplying the sum by the percent capacity phasing (45.11% for 2015)

.  

To monetize these savings we converted total savings into hours saved by dividing total savings (nmi) by an average airspeed of 390 (529,761 divided by 390 for 2015).  We then converted hours saved to value of hours saved by multiplying hours saved by the sum of the weighted averages of aircraft direct operating costs airborne and the passenger value of time as presented in Table B.18 ($5,714).  Refer to Table B.20 for potential savings in miles, savings converted to total savings in miles, total savings in hours and total savings converted to dollars (benefits) and discounted benefits.  

The result was an estimated benefit of $257 million dollars ($154 million discounted by 3% and $83 million discounted by 7%) as indicated in Table B.20.  

The table below summarizes the quantified benefits from reduced delay with the increased capacity that ADS-B may help achieve during high altitude operations over the Gulf of Mexico and optimal and more direct routing over the Gulf of Mexico that might be achieved with ADS-B Out services in the Gulf, calculated as described above.
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Table B.21 Unconstrained Daily Demand
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Table B.22 Daily Demand Constrained at 675 Flights
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Percentiles
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0

10%

110

20%

204

30%

299

40%

394

50%

13,500

512

60%

654

70%

821

80%

1,070

90%

1,491

100%

4,176

Average Delay (minutes)

20.0

0.76

Daily Savings (hours)

216.5

Table B.23 Daily Demand Constrained at 925 Flights

Table B.24 Additional Flights
Appendix C Details on Optimal Routing of High Altitude Operations Over the Gulf of Mexico

Optimal Routing Of High Altitude Operations Over the Gulf of Mexico

Problem: Due to the lack of surveillance and limited communication at high altitudes, non-radar separation procedures restrict aircraft to the available airways.   
Capability/Direct Impact: By providing surveillance and improved communication services, radar-like separation can be applied which enables enhanced dynamic air traffic management.  Enhanced dynamic traffic management can, in effect, increase the number of available airways by granting directs.
Outcome/Benefit: Enhanced dynamic air traffic management increases direct routing, which should lead to a reduction in flight distances and times.   Reduction in flight distances and times translates to savings in aircraft direct operating costs and passenger value of time.  
Baseline Information:  Current flights between Gulf city pairs either file one of the 10 available non-radar routes, or file a path that avoids the non-radar region completely.  Figure 1 displays the non-radar region, the non-radar routes, and two important SUAs that constrict traffic.

Flights crossing the non-radar region of the Gulf of Mexico are constrained to routes with set entry and exit fixes.   Because of spacing restrictions and arrival/departure stream flows, controllers sometimes treat routes as one-way corridors.  The addition of surveillance across the gulf would provide more optimal routing to flights that already file within the non-radar region in two ways.  First, it would allow new entry/exit locations on the U.S. side of the region.  The ability to allow new entry/exit points on the U.S. side should allow controllers to grant more directs from U.S. locations to the fixes on the Mexican airspace border.  Second, it would allow controllers to build additional routes.  Although the necessity of creating one-way routes for separating arrival and departure streams will still exist, controllers can build these routes much closer together than is possible with the current non-radar separation standards. This addition of airways should allow both inbound and outbound traffic to fly paths closer to the optimal route.

Flights that avoid the non-radar region may do so because the aircraft or crew may not be certified to fly that far away from shore, or the capacity along the non-radar routes may be limited due to traffic or weather [flights that are constrained due to capacity or lack of surveillance accounts for 10.8% of flights between city pairs].  Added surveillance should increase capacity along current non-radar routes and allow addition of available routes, and assumed equipage of these flights should allow them to take the more optimal routes through the Gulf.
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Figure 1. Airspace and routes in the Gulf of Mexico.  The green region is the non-radar airspace.  The orange regions are two of the largest SUA
s.  The blue lines are the current routes through the region.

We first examined the top twenty city pairs from the US to Mexico and south whose direct paths crossed the non-radar region for April 2003.  We chose to examine savings in terms of excess distance between current routes and more direct routes, where possible.  The data source was ETMS-recorded filed flight paths.  We considered savings from the two general categories mentioned in the previous paragraphs.  

For flights that already fly through the non-radar region, we explored if the current route was the most optimum of the available routes to the destination.  If not, we assumed the addition of surveillance would increase capacity along the more optimum route and additional parallel routes would be created to allow more direct paths between entry and exit points.  In some situations, we also examined if directs from US locations to current fixes on the Mexican border would save distance.

We also investigated savings for flights that avoided the non-radar region. An attempt was made to determine if these circuitous routes around the region were weather-related.  If a route between city pairs was filed more than 20% of the time, we assumed that it was not weather-related, but involved either capacity or equipage considerations.   We removed routes filed less than 20% of the time from the analysis.  Savings for this second category focused on allowing these flights to take the more optimal non-radar region route.  

Table 1 displays the excess distance data for the top twenty city pairs.  The savings are broken into columns for flights that took routes through the non-radar regions and those who avoided the non-radar region.    

Table 1. Optimal route savings between selected city pairs

	City 1
	City2
	Count
	Count of flights already on optimal route or weather related
	Count of current non-radar flights
	Savings per flight current non-radar routes (nmi)
	Count of flights that avoided region
	Savings per flight that avoided non-radar route (nmi)
	Total savings (nmi)

	MIA
	MMMX
	574
	0
	292
	18.3
	282
	30.8
	14,030

	IAH
	MMUN
	338
	183
	155
	12.4
	
	
	1922

	DFW
	MMUN
	292
	156
	136
	2.6
	
	
	354

	ATL
	MMMX
	271
	152
	119
	5.8
	
	
	690

	MSP
	MMUN
	215
	215
	
	
	
	
	0

	ATL
	MMUN
	219
	122
	97
	30.6
	
	
	2968

	ORD
	MMUN
	212
	169
	10
	30.6
	33
	82.3
	3022

	JFK
	MMMX
	217
	118
	99
	5.8
	
	
	574

	CLT
	MMUN
	198
	6
	8
	30.6
	184
	82.3
	15,388

	EWR
	MMUN
	185
	73
	61
	30.6
	51
	82.3
	6064

	IAH
	MZBZ
	183
	183
	
	
	
	
	0

	DTW
	MMUN
	168
	117
	17
	30.6
	34
	82.3
	3318

	EWR
	MMMX
	158
	91
	67
	5.8
	
	
	389

	DEN
	MMUN
	137
	66
	
	
	71
	133.3
	9464

	IAH
	MROC
	126
	126
	
	
	
	
	0

	STL
	MMUN
	130
	130
	
	
	
	
	0

	IAH
	MGGT
	116
	111
	
	
	
	
	0

	IAH
	MSLP
	111
	111
	
	
	
	
	0

	PHL
	MMUN
	108
	24
	9
	30.6
	75
	82.3
	6448

	JFK
	MMUN
	105
	44
	35
	30.6
	26
	82.3
	3211

	TOTAL
	
	4063
	
	
	
	
	
	67,842


Using only these twenty city pairs and the fact that April represents 9% of the yearly traffic load, we estimate savings of approximately 750,000 nmi a year from more optimal routes.  

MIA-MMMX

While most routes across the non-radar region are already direct, there is one notable exception.  The most travel in the non-radar region takes place between Miami and Mexico City (574 flights in April 2003). The northern route (292 flights April 2003) between Miami and Mexico City has a turn in the gulf designed to avoid an SUA just west of the Florida Keys.  With better surveillance, a new route, or a direct could be granted that would cut 18 nmi off the current route and still avoid the SUA.  This new route would also be 31 nmi less than the current southern route (282 flights April 2003) that does not penetrate the non-radar region.  See Figure 2.
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Figure 2: Routes between Miami and MMMX.  The green region is the non-radar region and the orange regions are two major SUAs.   Solid blue lines are common northern and southern routes.  Dashed blue line is proposed shorter route.

IAH-MMUN

The current route structure includes non-radar routes that are close to the optimum path between major city pairs (e.g. IAH-CUN, IAH- MID).  However, many times one of these routes is used as a one-way corridor causing flights in the opposite direction to use a non-optimum route.  Although the necessity of creating one-way routes for separating arrival and departure streams may still exist, controllers can build these routes much closer together than is possible with the current non-radar separation standards. This addition of airways should allow both inbound and outbound traffic to fly a route closer to the optimal route.

During April 2003 there were 338 flights between IAH and MMUN.  Half the flights (nearly all from IAH to MMUN) flew on the solid path flown in Figure 3. If we assume the same departure path (which ends on the MUSYL fix), we find that the dotted path (not a current route) is 12 nm shorter than the flown route.  Most of the flights from MMUN to IAH already go on a very direct route.  There were very few flights that did not cross the non-radar region between these cities, and their path may be weather related.
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Figure3: Route from IAH to MMUN.  Solid line is most common route April 2003; dashed line is shorter route by 12 miles.  The green region is the non-radar region.

Northeast-MMUN

Most of the flights during April 2003 from CLT, JFK, and EWR to MMUN and back generally followed one of the three paths seen in Figure 4.   Most flights from ATL to MMUN and some from both DTW and ORD also took similar routes to MMUN with some variation at the extreme North of Figure 4.  Between all of these city pairs there are more routes that avoid the non-radar region (Florida route) than can be explained because of weather.  

If capacity were to increase because of surveillance, then most of these flights could take a route close to the optimum middle route (dashed path in Figure 4) saving 30.6 nmi over the western case and 80.2 nmi over the Florida route. 
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Figure 4.  Routes between Northeast and MMUN.  All lines are common routes (April 2003). Dashed line is most optimum route. The green region is the non-radar region and the orange regions are two major SUAs. 

East-MMMX

Flights from JFK, EWR, and ATL to MMMX during April 2003 generally took one of the two routes shown in Figure 5.  The southern route is more direct by 5.8 nmi.  If capacity were to increase, more of these flights could take a route closer to the southern route.  A few of the recorded flights took routes that did not penetrate the non-radar region.  There were so few of these that we assume these deviations were weather related. 
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Figure 5.  Routes between East and MMMX.  Solid lines are common routes. The green region is the non-radar region and the orange regions are two major SUAs.

DEN-MMUN

Flights from DEN to MMUN in April 2003 took one of two routes.  Over half filed a southern route that entered Mexico near McAllen, Texas and hugged the coast before flying to MMUN (dotted path in Figure 6).  The more direct filed route through the non-radar region is over 400 nmi shorter than the southern route.  

Over half the return flights from MMUN to DEN have filed routes that start with a NAVAID directly across from McAllen, Texas.  We suspect that these flights also followed a route similar to those on the trip from DEN to MMUN and ETMS truncates the data when the flight is passed to the US.  However, to be conservative, we use the direct path from MMUN to McAllen to estimate all the southern routes between DEN and MMUN.  Using this route we find that flights that use the non-radar region route save 133 nmi each.    
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Figure 6.  Routes between DEN and MMUN.  Lines are common routes. The green region is the non-radar region.

Other flights:

Midwest-MMUN:  Flights between STL and MSP in April 2003 generally took one of two routes across the non-radar region.  The flights picked up both of these routes near New Orleans.  The distance difference was negligible.  Most flights from ORD and half the flights from DTW also take these paths.  The other ORD and DTW flights take an eastern route that coincides with the traffic from the Northeast to MMUN.

IAH-other cities: Nearly all the flights from IAH to Central or South American cities in the top twenty follow a single path that already exits at the most direct point available on the Mexican border (fix MARTE).  

DFW-MMUN:  These flights are already generally direct.  We could calculate a slight savings of 2.6 nmi a flight by sending planes going from DFW to MMUN direct from the end of the departure path from DFW (BILEE fix) to the exit point on the Mexican border (KEHLI fix) instead of going first to the entry point on the U.S. side of the current non-radar area (KLAMS fix).  The return flights (also on A766) were already optimum.  This gives a total savings in April 2003 of 354 nmi.

























� ATO En Route Services, Surveillance and Broadcast Services Benefits Basis of Estimate, June 2006, FAA ATO, pg. 41.


� The MAP value is the maximum number of aircraft that can be managed by a sector simultaneously with the exception that the MAP value can be exceeded for brief intervals.


� 2004 was chosen because 2005 was not a representative year, as traffic had decreased in the last quarter of 2005 due to hurricanes and 2006 data was not complete at the time of the analysis.


� Available on the FAA Office of Policy and Plans (APO) website: http://www.apo.data.faa.gov/


� FAA Aerospace Forecasts, Fiscal Years 2006-2017, U.S. Department of Transportation, Federal Aviation Administration, Office of Policy and Plans.


� Table 9 FAA Aerospace Forecasts, Fiscal Years 2006-2017


� Table 13 FAA Aerospace Forecasts, Fiscal Years 2006-2017 


� Table 8 FAA Aerospace Forecasts, Fiscal Years 2006-2017


� Table 9 FAA Aerospace Forecasts, Fiscal Years 2006–2017


� FAA Aerospace Forecasts Fiscal Years 2006-2017, U.S. Department of Transportation, Federal Aviation Administration Office of Policy & Plans.


� A complete table of unconstrained daily demand showing number of days for each year from 2007 to 2035 in each daily demand group can be found in Table B.14 below.


� “approximately 20 minutes represents the highest level of average delay realized in actual practice even at highly congested airports, FAA Airport Benefit Cost Analysis Guidance, page 16, FAA Airport Benefit Cost Analysis http://www.faa.gov/regulations_policies/policy_guidance/benefit_cost/media/faabca.pdf





� A complete table of daily demand constrained at 675 flights showing number of days for each year from 2007 to 2035 in each daily demand group up to and including 675 can be found in Table B.22 below.





� � A complete table of daily demand constrained at 925 flights showing number of days for each year from 2007 to 2035 in each daily demand group up to and including 925 can be found in Table B.23 below.





� The phasing depends on estimated Gulf equipage and allocation of ADS-B separation to more altitudes over time.





� Source for Passenger Capacity and Load Factor is “Supporting Documentation for the Economic Factors Used in Investment Analysis,” pg. 17, Federal Aviation Administration, December 7, 2006, Final.


� Source for Hourly Values of Time 2000 U.S. $ Per Passenger is “Economic Values for FAA Investment and Regulatory Decisions, A Guide, Draft final Report, December 31, 2004, Prepared for FAA Office of Aviation Policy and Plans.


� GDP Chained Price Index, Budget of the United States Government, Fiscal Year 2007, Table 10.1—Gross Domestic Product and Deflators Used in the Historical Tables: 1940-2011.


� Supporting Documentation for the Economic Factors Used in Investment Analysis, pg. 12, Federal Aviation Administration, December 7, 2006, Final.


� Supporting Documentation for the Economic Factors Used in Investment Analysis, pg. 17, Federal Aviation Administration, December 7, 2006, Final.


� Source for Hourly Values of Time 2000 U.S. $ Per Passenger is “Economic Values for FAA Investment and Regulatory Decisions, A Guide, Draft Final Report, December 31, 2004, Prepared for FAA Office of Aviation Policy and Plans.





� ATO En Route Services, Surveillance and Broadcast Services Benefits Basis of Estimate, June 2006,  Federal Aviation Administration, Air Traffic Organization, pg. 53


� These flights that currently avoid the non-radar regions of the Gulf are not included in the count of flights that fly through the Gulf.


� Special Use Airspace.
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