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Capabilities Across
All Runway Ends

Major Passenger Airlines - No WAAS Equipage Count Percent Major Passenger Airlines w/ WAAS Equipage Count  Percent
Not Applicable 12% Not Applicable
Major Cargo Airlines - No WAAS Equipage Count Percent Major Cargo Airlines w/ WAAS Equipage Count _ Percent
Not Applicable 4,001 Not Applicable
Regional Airlines - No WAAS Equipage Count Percent Regional Airlines w/ WAAS Equipage Count _ Percent

Not Applicable 4,001 Not Applicable
High-End GA - No WAAS Equipage Count Percent High-End GA - w/ WAAS Equipage Count Percent

Not Applicable 12% Not Applicable

Low-End GA (Alaska only) - No WAAS Equipage Count Percent Low-End GA (Alaska only) - w/ WAAS Equipage  Count Percent

Not Applicable 21,568 Not Applicable 21,568
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Introduction to the LAAS Incremental Capabilities Findings

The Federal Aviation Administration (FAA) is transforming its navigation infrastructure, from a ground-based to a Global Positioning System (GPS)-based architecture.  Part of this transformation entails the acquisition of augmentation systems to improve the reliability and integrity of the GPS signals.   The Local Area Augmentation System (LAAS) is one of these systems, specifically designed to support aircraft operations in the terminal, approach, surface, and departure operational domains.  
The FAA contracted with IBM Business Consulting Services to provide an independent analysis that estimates the benefits attributable to LAAS beyond those provided by existing and planned navigation services.  The results of this analysis will be used to support FAA, airline, and other stakeholders in their procurement and implementation decisions related to LAAS.

The first stage of the benefits analysis, completed in November 2003, involved the establishment of the navigation capabilities baseline against which all LAAS benefits will be measured.   The second stage entails determining the incremental capabilities provided by LAAS, above and beyond this baseline.  This document summarizes the results of the analysis that identified these incremental capabilities.  
IBM has prepared a detailed spreadsheet-based workbook that encompasses the results of its comparison of LAAS capabilities with those of the baseline technologies at each runway end at the 120 candidate airports.  A separate User’s Guide gives details of the structure of this workbook, and presents specific examples to assist readers in using and interpreting the large amount of data in this deliverable.  A brief description of the workbook structure is included here, and the reader is encouraged to review the User’s Guide prior to opening the workbook itself.

The workbook allows for selection among five distinct LAAS user groups: Major passenger airlines, major cargo airlines, regional airlines, high-end general aviation (GA) aircraft, and low-end GA aircraft in Alaska.  In addition, two views of WAAS equipage (Yes or No) are available. These two levels of WAAS equipage were selected to represent the range in potential values for any user group.  Note that recent discussions with a representative group of major passenger airlines have confirmed that at this time major passenger airlines have no plans to equip with WAAS.  However, based on its contractual obligations with the FAA and in order to consider the entire range of potential future states, IBM included in this study the additional scenario that assumes that the airlines will equip with WAAS.  
The entries in each worksheet are color coded either green, yellow, red, or white.  Green indicates that LAAS is the only system that can provide this capability at this runway end for some part of the 20 year period.  Yellow indicates that LAAS can provide an incremental capability for some part of the 20 year period before some other system becomes available that can also provide that capability.  The dates contained in the yellow cells indicate the first year when an alternative technology becomes available.  Red indicates that LAAS cannot provide this incremental capability at this runway end at any time, because some other system is able to provide it.  White indicates that the capability is not applicable at this runway end (e.g., Precision Approach to a runway shorter than 4,200 ft.).
The following five sections summarize the high level observations that can be derived from the worksheets associated with each User Group and WAAS Equipage scenario. Operational considerations at each runway end, taking into account the operation of the airport as a whole, will ultimately determine whether or not the benefit at any given runway end will truly be achievable.     
Table 1, following the description of findings in the next five sections, summarizes all ten possible combinations of User Group and WAAS Equipage scenarios.  Note that there is significantly more variation in LAAS Incremental Capabilities when WAAS equipage is changed than there is across the various User Groups (with the exception of Low-end GA (Alaska only), due to the special characteristics and limited geographic scope of this user group).
Major Passenger Airline Findings
When considering the NAS baseline technologies and the navigation system equipage levels of the major passenger airlines, including no WAAS avionics, the following observations about LAAS incremental capabilities can be made:
· LAAS Cat I can provide precision and complex approaches
 down to Cat I minima at all runway ends not currently served or planned to be served by a Cat I, Cat II, or Cat III ILS.  There may be any number of reasons for an airport not having an ILS on a given runway end such as insufficient demand, equipment siting problems (e.g., JNU, SAN27), known signal interference issues (e.g., EWR29), or minimal occurrence of inclement weather.  
· LAAS Cat II/III can provide precision approaches down to Cat II/III minima at all runway ends not currently served or planned to be served by Cat II or Cat III ILSs.  If it assumed that it will be possible to conduct complex approaches down to Cat II/III minima, then LAAS may also uniquely support such procedures wherever there is no Cat II or Cat III ILS in place1. 
· LAAS can support simultaneous independent parallel approaches down to 4300 ft. centerline separations at all parallel runway ends (for runways longer than 4200 ft.) that do not have current or planned ILS installations. 
· When combined with ADS-B and CDTI, LAAS may be able to support simultaneous independent parallel approaches to less than 4300 ft. separations between runway centerlines (possibly down to 750 ft. with SOIA) at all parallel runway ends (for runways longer than 4200 ft.) that do not currently have or plan to have a PRM.  The full extent of this capability, particularly in combination with ADS-B and CDTI is not yet known, but early flight test experiments conducted by Stanford University
 seem to support the claim that with advanced avionics, LAAS in conjunction with ADS-B and CDTI may provide a benefit equivalent to that of PRM.
· LAAS, when combined with ADS-B and CDTI, is expected to be able to provide surface movement guidance during zero or near zero visibility conditions.  This capability is not expected to be achievable with any other navigation technology in the Baseline.  For users not expected to equip with either ADS-B or CDTI, this capability is listed as “N/A” (white cell) in the spreadsheet.  In this case, the white color indicates that neither LAAS nor any Baseline system provides this capability.
· LAAS also has the potential to support temporary approaches, precision approaches to proximate airports (if LAAS is certified to provide such guidance), reduced longitudinal separations (using variable glideslopes), RNP below RNP-.3 (a combination of GPS-Inertial-FMS is able to achieve RNP-0.3 and in some cases comes close to RNP-0.1), and de-conflicting arrival and departure paths at all runway ends at the 120 airports.
· LAAS can provide guided missed approaches at all runway ends not currently served by an ILS.  In addition, the guided missed approach provided by LAAS is expected to be far more capable (4-dimensional guidance vs. 1-dimensional) than the straight-line guidance available from the ILS’s back-course localizer signal.
· Since precision departure guidance during low visibilities can be achieved with a HUD and Cat III ILS, LAAS (combined with HUD) can provide an incremental capability only at runway ends where there is no current or planned Cat III ILS. 
· Constant-power descents to landing can be accomplished with combinations of FMS, GPS, INS, and ILS and can thus be provided by LAAS at runway ends without ILS.  
· Three capabilities (terminal area navigation above 350 ft., surface movement guidance during greater than near-zero visibility, and repeatable flight tracks) can be generally achieved with Baseline technologies, thus providing no opportunity for LAAS to effect an incremental improvement.  More specifically, 
· Terminal area navigation above 350 ft. can be achieved with a variety of technologies including combinations of Inertial, GPS, VOR, and DME, with an FMS.  
· Surface movement guidance during greater than near-zero visibility is possible with ASDE-X, EVS, or a combination of GPS, ADS-B, and CDTI.  
· Repeatable flight tracks can be accomplished with combinations of GPS, ADS-B, and CDTI.  
If an assumption is made that the major passenger airlines will equip with WAAS avionics, then the following observations can be made:

· Most of the LAAS incremental capabilities disappear in the presence of WAAS LPV at the start of the 20-year period and subsequently with the possible deployment of WAAS Cat I in 2015.  The exceptions are precision, complex, and temporary approaches down to Cat II/III minima, precision approaches to proximate airports down to Cat II/III minima (assuming that LAAS is certified for such service at proximate airports), simultaneous independent parallel approaches down to 3000 ft. centerline separations and perhaps to as low as 750 ft. (assuming that LAAS is combined with ADS-B and CDTI, and can be proven to achieve this capability), and precision departure guidance wherever there is no Cat III ILS. A further, unique exception is seen at HNL, which lies outside the expected WAAS coverage area.
· The other capabilities are all achievable with WAAS.  Specifically, WAAS LPV makes it possible to achieve precision, complex, and temporary approaches down to 250 ft., terminal area navigation above 350 ft., guided missed approaches, repeatable flight tracks, precision approaches to proximate airports down to 250 ft., reduced longitudinal separations in IMC (using variable glideslopes), de-conflicted arrival and departure paths, and constant-power descents.  With WAAS Cat I, potentially available in 2015, it is possible to achieve all of these capabilities as well as precision, complex, and temporary approaches down to 200 ft., simultaneous independent parallel approaches down to runway centerline separations of 4300 ft., and precision approaches to proximate airports down to 200 ft. 
Major Cargo Airline Findings

There is substantial uncertainty regarding the cargo carriers’ equipage plans for WAAS, and thus we will consider the full range of possible equipage levels in our analysis. When considering the NAS baseline technologies and the navigation system equipage levels of the major cargo airlines, including no WAAS avionics, the following observations about LAAS incremental capabilities can be made:

· For the most part, the incremental capabilities achievable with LAAS match those of the passenger airlines, described above.  

·  The major difference with the passenger airlines is that the cargo carriers, according to IBM’s surveys and interviews, have no plans to equip with CDTI.  Consequently, it is not expected that LAAS will be able to achieve simultaneous independent parallel approaches to less than 4300 ft. centerline separations, nor provide surface movement guidance, for this user group.  

If the assumption is made that the major cargo carriers equip with WAAS, then the following observations hold true:

· Once again, since the major cargo carriers have no plans to equip with CDTI, LAAS will not be able to support simultaneous independent parallel approaches to less than 4300 ft. centerline separations nor provide surface movement guidance.  Otherwise, the incremental capabilities achievable by cargo carriers with LAAS are largely the same as those of the passenger airlines.     

Regional Airline Findings

A primary difference between major and regional airlines is in WAAS equipage.  Since regional airlines are not expected to extensively equip with inertial guidance systems, an alternate means of providing the desired terminal airspace RNP capability will be required.  Early sources have indicated that WAAS, will be adopted by many regional airlines to provide this capability.

Also, as indicated in the Navigation Capabilities Baseline, the remaining equipage plans of the regional airlines are, for the most part, similar to those of the major passenger airlines, except that they show a more gradual build-up in GPS and FMS to 100% levels by 2015.  However, unlike the major air carriers, they have no plans to equip with ADS-B and CDTI.  Therefore, the LAAS incremental capabilities resemble those of the major cargo carriers which also do not plan to equip with CDTI.  The regional airlines plan to equip with HUD from the start of the 20-year period.  Consequently, LAAS is likely to provide an incremental capability in precision departure guidance during low visibility conditions where there are no ILSs in place.
High-End General Aviation Aircraft Findings

Since high-end general aviation aircraft, like the major passenger airlines, are expected to be equipped with an extensive suite of navigation avionics, the incremental benefits achievable with LAAS are expected to be similar to those of the major passenger airlines.
Low-End General Aviation Aircraft (Alaska) Findings  
The low-end general aviation aircraft findings focus on the three Alaskan airports in the list of 120 airports selected for this study: Anchorage, Fairbanks, and Juneau.  If it is assumed that the aircraft are not equipped with WAAS avionics, the following observations can be derived from the workbook:

· LAAS can achieve more than two-thirds of the 31 capabilities identified in this study. The only exceptions are precision and complex approaches down to Cat I/II/III minima, guided missed approaches, and constant power descents at locations with a Cat I/II/III ILS in place, terminal area navigation above 350 ft., surface movement guidance during greater than near-zero visibility, and repeatable flight tracks. 

If the aircraft equip with WAAS, then the following is expected:  

· WAAS takes away most of the incremental benefits achievable with LAAS.  The only remaining areas for potential benefits are those associated with LAAS Cat II/III capabilities (precision, complex, and temporary approaches to Cat II/III minima and, assuming that they are certified, precision approaches to proximate airports in Cat II/III), simultaneous independent parallel approaches to less than 4300 ft. centerline separations (with ADS-B and CDTI) if such approaches are determined to be feasible and safe, and precision departure guidance during low visibilities.  
Table 1. Summary Table of LAAS Incremental Capabilities, by User Group


Next Steps

Using the results of this LAAS incremental benefits analysis, IBM will now begin the process of quantifying the incremental efficiency benefits of LAAS in relation to both airlines and airports.  IBM will estimate the operational and financial impact on 10 major domestic airlines and the 120 candidate airports.  The initial focus will be on the benefits that can be achieved by reducing the number of flight disruptions (diversions, cancellations, and delays) and the efficiency improvements that may be possible with LAAS complex procedures in the terminal area.  Sensitivity analyses will also be conducted to determine the effect of changing various assumptions, including equipage levels and rates, performance capabilities of LAAS and baseline systems, and deployment schedules.  
Notes: Changes to the Navigation Capabilities Baseline (Delivered Nov 17, 2003)

The following changes have been incorporated into the Navigation Capabilities Baseline and LAAS Incremental Capabilities, based on comments received from reviewers, and continuing IBM internal audits.
1. The following ILS installations were identified and updated to the NAS Baseline.  Theses changes are consistent with National Flight Data Center (NFDC) ILS data.

· DEN 16L -- Cat I --  in our baseline this is labeled as runway end 16
· DEN 34R -- Cat III --  in our baseline this is labeled as runway end 34
· IAH 08R -- Cat I -- in our baseline this is labeled as runway end 08
· IAH 26L -- Cat III -- in our baseline this is labeled as runway end 26
· PVD 05 --  Cat II -- in our baseline this is labeled as runway end 05L or 05R
· PVD 23 -- Cat I -- in our baseline this is labeled as runway end 23L or 23R
· STL 12X -- Cat I -- in our baseline this is labeled as runway end 13
2. WAAS Cat I, in the NAS Baseline worksheet, was updated to be available in 2015 at any runway greater than or equal to 4200 feet in length. 

3. The following system and system combinations were updated, in the System Capabilities worksheet, as providing Guided Missed Approach capability:

· WAAS LNAV/VNAV 
· WAAS LPV
· WAAS Cat I
· WAAS Cat I + PRM
· WAAS Cat I + ADS-B + CDTI
· WAAS LPV + ADS-B + CDTI
· WAAS LNAV/VNAV + ADS-B + CDTI
4. The following user equipage changes were identified and updated in the User Baseline table.

· Regional airlines TAWS equipage was changed to 100%, starting in 2005.  An FAA TAWS mandate, effective March 29, 2001, states that TAWS is mandatory for all U.S. registered turbine-powered aircraft capable of carrying six or more passengers.

· Regional airlines inertial equipage was changed to 0%, starting in 2005.  RAA, Boeing and FAA ASD have stated that regional airlines are not likely to equip with full dual inertial avionics.

5. The EVS/HUD entries in the Navigation Capabilities Baseline have been divided into separate EVS and HUD entries.  This change was based on significant differences in both capabilities and equipage levels for these two systems.
� Note that “complex procedures” may be provided to Cat I/II/III minima by a combination of RNAV routes and the interception of an ILS signal for final approach.  


� http://waas.stanford.edu/~wwu/papers/gps/PDF/sharonparallel.pdf
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