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LAAS Benefits Analysis


Executive Summary 

of the 

Navigation Capabilities Baseline


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, and surface 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 industry stakeholders in their procurement and implementation decisions related to LAAS.

The first stage of the benefits analysis involves the establishment of the navigation capabilities baseline against which all LAAS benefits will be measured.   The baseline consists of two parts.  The first part is the National Airspace System (NAS) Baseline which includes all those alternative navigation systems currently in place, planned to be deployed in the twenty year time horizon from 2005 to 2024, or that are feasible in that timeframe, but are not in the FAA’s current plans.  The geographic focus of this baseline is the set of 120 airports selected by the FAA for their likelihood to be serving expected LAAS users.  The second part, the User Baseline, is the avionics component, whose implementation is controlled by the avionics manufacturers and users of these systems.  The User Baseline includes estimates of the levels to which the various user groups (specifically the major passenger airlines, cargo airlines, regional airlines, and general aviation aircraft) are expected to equip with the various baseline systems over the same twenty year time horizon.  
IBM has prepared a detailed Excel-based workbook that encompasses the results of its extensive reviews of FAA plans (e.g., Operational Evolution Plan, Capital Investment Plan, Blueprint for NAS Modernization), discussions with FAA personnel, and surveys and interviews with avionics and airframe manufacturers, the Air Transport Association (ATA), Regional Airlines Association (RAA), and individual airlines.  The components of the resulting workbook are described at a relatively high level in a separate user’s manual.
The following two sections summarize the high level observations that were made based on the details contained in the workbook.  
NAS Baseline Findings 
The Baseline Capabilities tab of the workbook contains the detailed NAS Baseline data.  More specifically, it shows the time frames when the navigation capabilities of the current and planned navigation systems will be available at each of the runway ends of the 120 candidate airports.  A review of the NAS Baseline data produced the following observations:
· Most airports in this study will have the ability (with ILS) to conduct precision approaches to Cat I minima at two or more runway ends.    The exceptions are: 
· Van Nuys (VNY)

· Phoenix Deer Valley (DVT)

· John Wayne Airport (SNA)

· Daytona Beach (DAB)

· Fort Lauderdale Executive (FXE)

· Morristown Municipal (MMU)

· Washington Reagan National (DCA)

· San Diego International (SAN)

· St. Petersburg-Clearwater International (PIE)

· Boise Air Terminal (BOI)

· Fresno Yosemite International (FAT)

· Burbank-Glendale-Pasadena (BUR)

· Nantucket Memorial (ACK)

· Theodore Francis Green (PVD)

· Juneau International (JNU)

· El Paso International (ELP)

· Mahlon Sweet Field (EUG) 

· Key West International (EYW)

· Southwest Florida International (RSW)
Note that approximately 50% of these exceptions have better than average weather and, consequently, may not need a Cat I capability very often.  The remaining 50% of the airports above may be suitable candidates for a LAAS Cat I.

· Fifty of the 120 airports (42%) have no current or planned Cat II/III capability and thus may be able to benefit from a LAAS Cat II/III, assuming there is sufficient inclement weather to warrant its installation.
· Fourteen airports out of 78 with parallel runways (18%) are expected to receive a Precision Runway Monitor (PRM) in the next 20 years, thus making it possible to conduct simultaneous precision instrument approaches to those runways, even if they are separated by less than 4300 ft.  At these airports, LAAS may offer some benefit through its ability to provide precision approach service to all runway ends.  The remaining 64 airports with parallel runways are candidates for the possible use of LAAS to conduct simultaneous parallel approaches, assuming it can be proven that LAAS provides that capability.
· Given that most aircraft flying into these 120 airports are likely to have an FMS with GPS, INS, and ILS Cat I or better, it is expected that it will be possible for these aircraft to conduct complex approaches down to 200 feet by conducting an RNAV approach to intercept the ILS, or to 250 feet with WAAS LPV.  Thus, there does not appear to be much that LAAS can offer in terms of an additional capability for such procedures.  However, LAAS is likely to be the only system that will offer complex precision guidance from a single system from terminal area entry through to Cat I or Cat II/III approach and landing.  Additionally, if it assumed that it will be possible to conduct complex approaches down to Cat II/III minima, then LAAS may be able to support such procedures wherever there is no Cat II/III ILS in place. 
In this case, and other similar situations described below, the incremental capabilities of LAAS are potentially limited by similar capabilities provided by WAAS.  This partial overlap of capabilities makes the estimation of WAAS equipage rates particularly important, as is discussed further in the User Baseline summary below.

· Surface movement guidance is expected to be provided by either a combination of WAAS Cat I, ADS-B, and CDTI, or by ASDE-X.  Since WAAS Cat I is not expected to be in place until 2015, there are potential benefits that might be derived from the use of LAAS with ADS-B and CDTI to achieve this capability in the interim, and potentially beyond 2015, depending on WAAS equipage and performance.  Thirty-two airports are expected to receive ASDE-X during the study period.  At these airports, the potential for LAAS to contribute to surface movement guidance capabilities will be limited to those cases in which LAAS can be shown to provide superior positioning accuracy, or better airfield coverage.
· Since the use of temporary approaches (i.e., approaches to alternative landing locations used on a temporary basis, for example while a runway is being repaired) is expected to be possible with WAAS the potential incremental capability of LAAS will likely be in those cases in which it can provide this capability down to 200 ft minima before 2015.  Since LAAS is foreseen to be the only system capable of supporting temporary approaches below 200 ft., that benefit will become available as soon as LAAS Cat II/III systems are implemented.  
· There is potential for LAAS to add significant capability in the form of precision complex missed approach guidance.  This advantage may be particularly important at airports with parallel, converging or more complex runway configurations.  The complexity of these procedures, and the unique arrangement of each airport’s runways and airspace mean that the potential incremental capability of LAAS over WAAS in providing complex missed approach guidance will need to be determined on a case-by-case basis.
· Due to the observed horizontal and vertical precision of WAAS, it is expected that LAAS will provide an incremental benefit to the achievement of repeatable flight tracks only in those cases in which the superior precision and availability of LAAS can be shown to be required.
· Since the LAAS signal is expected to provide service to a distance of approximately 23 miles from the VHF transmitter located on an airport surface, all of the capabilities possible at the host airport may be achievable at any proximate airport within this radius, assuming that the FAA certifies the use of the LAAS signal at proximate airports and that the terrain does not impose line-of-sight restrictions on the signal.  Given that WAAS capabilities are available at most airports, LAAS should be able to provide the same incremental benefits over WAAS at proximate airports as it can at the host airports.  
· Since WAAS LNAV/VNAV as well as its successors (WAAS LPV and WAAS Cat I) may make it possible to achieve reduced longitudinal separations in IMC through the use of variable glideslopes (that is, sequentially arriving aircraft using different glideslopes), LAAS is likely to provide incremental benefits in this area only in those cases in which the superior precision and availability of LAAS can be shown to be required.

· Similarly, since RNP approaches of RNP-0.3 and RNP-0.1 are achievable with WAAS, LAAS is not expected to provide any incremental benefit in this operational capability.  Performance at levels less than RNP-0.1 may be achievable by both LAAS and WAAS, and the specific requirement (i.e., how much less than RNP-0.1) will determine whether LAAS provides any incremental capability.
· Complex guidance achievable with WAAS may make it possible to de-conflict arrival and departure streams.  Consequently, LAAS will provide incremental benefits only in those cases in which the superior precision and availability of LAAS can be shown to be required.
· An Enhanced Vision System/Heads-Up Display (EVS/HUD) combined with ILS allows operators to conduct departures in low visibility conditions.  Thus, LAAS will provide incremental benefits at those departure runways not currently served by ILS. 
· Constant Power Descents are made possible by the increased precision of certain navigation systems, particularly in the vertical dimension, that allow a continuous, rather than staged, descent through final approach.  Such descents are possible with WAAS and combinations of FMS, GPS, INS, and ILS.  This means that LAAS is likely to offer benefits above and beyond those made possible with these alternative technologies only in cases in which its superior vertical positioning information and availability is required.
User Baseline Findings
The User Baseline portion of the workbook contains the detailed user equipage data.  More specifically, it shows the equipage levels in five year increments for all of the user types (major passenger airlines, major cargo airlines, regional airlines, high end GA aircraft, and low end GA aircraft in Alaska).  A review of this database produced the following observations:
· As expected, the major passenger airlines are currently equipped with an extensive suite of navigation avionics.  They include ILS Cat I, II, and III, VOR, DME, FMS, and TAWS.  Ninety percent of the airlines’ fleets are equipped with INS and 20% with EVS/HUD.  These equipage levels are expected to remain constant throughout the 20 year period.  In addition, based on our surveys and interviews, we expect that the airlines will ramp up quickly to a 100% level with GPS and more gradually with ADS-B and CDTI.  

In many cases, as shown in the summary of the NAS Baseline findings above, the incremental capabilities of LAAS are potentially limited by similar capabilities provided by WAAS. This partial overlap of capabilities makes the estimation of WAAS equipage rates particularly important.  Regarding the major airlines’ decision to equip with WAAS, there appears to be a high level of uncertainty.  Consequently, we have decided to consider the two extreme values of 0% and 100% in our analysis, and will be conducting a sensitivity analysis to determine the effects of variations between these two values.  

· The major cargo airlines are 100% equipped with ILS Cat I, VOR, and DME, and will continue to be so equipped throughout the 20 year period.  Forty percent are also equipped with FMS and 80% with GPS, rising to 100% in 2010.   In addition, the cargo airlines will be installing Cat II/III, INS, EVS-HUD, TAWS, and ADS-B, leveling off at peak 40 to 60 percent levels in 2010.  According to our surveys and interviews, they have no current plans to equip with CDTI.  Finally, as with the major passenger airlines, there is substantial uncertainty regarding the cargo carriers’ equipage plans for WAAS, and thus we will consider a wide range of possible equipage levels in our analysis.

· The equipage plans of the regional airlines are, for the most part, similar to those of the major passenger airlines, except that they indicate a more gradual build-up in GPS, INS, and FMS to 100% levels by 2015.  However, unlike the major air carriers, they have no plans to equip with TAWS, ADS-B, and CDTI.

· As expected, the high-end GA operators (primarily corporate jets) lead all other users in the level of investment and installation of avionics suites.  It is expected that these aircraft will be fully equipped, over time, with all of the navigation systems considered in this study.

· Finally, regarding the low-end GA aircraft in Alaska, we expect that they are, and will continue to be, fully equipped with VOR and DME, extensively equipped with ILS Cat I, and minimally equipped with ILS Cat II/III, ADS-B (outside of the Capstone program), and CDTI.  There will be a gradual implementation of GPS, peaking at 100% in 2020, and no appreciable installations of INS, FMS, EVS-HUD, and TAWS.  As with all other user types, we will consider the two implementation extremes for WAAS, although there will be greater emphasis in our analysis placed on the more likely scenario of 100% installation of WAAS receivers for this group. 
Next Steps

Using the results of the NAS and User Baselines, IBM will now begin the process of determining the incremental capabilities that are achievable with LAAS, above and beyond the baseline.  This next phase of the benefits analysis will identify potential opportunities such as the following:

· Specific locations where LAAS may be uniquely capable of providing navigation services (e.g., due to siting problems or insufficient coverage by alternative systems)
· Applications for which only LAAS can achieve the level of accuracy, integrity, or availability required to support certain operations

·  Cases where LAAS’ unique operational capabilities (e.g., ability to uplink navigation waypoints) may prove to be highly beneficial
Each opportunity will be explored in detail and then the benefits will be quantified wherever possible, or descried qualitatively where appropriate, in the subsequent phase of this project.  
