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Summary of Estimated Benefits

Table ES-1 shows the total 20-year discounted benefits estimated for all 121 airports.  The total estimated benefit, including efficiency and safety benefits, for the 0% WAAS equipage scenario is $1.6 billion, while the total estimated benefit for the 100% WAAS equipage scenario is $1.1 billion.
Table  ES-1: Discounted 20-year LAAS Benefits – Best Estimate
	
	Efficiency
	Safety 

	
	Direct Operating Cost 
	Passenger Time Savings 
	

	LAAS Benefits

(Assuming 0% WAAS equipage)
	$697,800,000 
	$838,100,000 
	$58,300,000

	LAAS Benefits

(Assuming 100% WAAS equipage)
	$479,200,000 
	$580,800,000 
	$14,900,000


High-level descriptions of the analyses included in this estimate are provided in this document. For more details on the assumptions and methodology used for this benefits analysis, see “LAAS Benefits Analysis – Efficiency, Safety and Societal Benefits, Draft September 2004”.

Background

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, departure, 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.  A separate cost study is being conducted internally within the FAA.

The first stage of the benefits analysis, completed in November 2003, involved the establishment of the navigation capabilities baseline against which all LAAS benefits would be measured.   The second stage, completed in December 2003, entailed determining the incremental capabilities provided by LAAS, above and beyond this baseline.  In February 2004, IBM delivered a Preliminary Findings report, which described a series of analyses conducted to estimate the monetized incremental benefits that can be expected from implementation of LAAS, relative to the baseline. In June 2004, IBM completed an update on the efficiency section of the February 2004 preliminary analysis of the LAAS benefits, and the findings were documented in a report.  In August 2004, IBM delivered the LAAS Safety and Societal Benefits report.  The current document is a draft report of the LAAS efficiency, safety, and societal findings.  A final report is scheduled to be completed in October 2004.

Benefits reported in the LAAS Benefits Analysis are those estimated to be achievable by LAAS relative to the established Navigation Capabilities Baseline, delivered to the FAA in November 2003.  Some of these LAAS benefits may be reduced or eliminated if significant enhancements of the navigation system infrastructure, beyond those established in the Baseline, were to be considered.  In particular, the installation or upgrade of an ILS at every runway expected to receive benefit from LAAS was not considered in these benefit estimates.

Structure of This Report
This draft includes the following descriptions of LAAS benefits for three areas; efficiency, safety and societal. 
Efficiency Benefits
· Lower ceiling and visibility minima for straight-in approaches, 

· Improved takeoff guidance in low visibility conditions,

· Improved ceiling and visibility minima from complex approaches,

· Elimination of Instrument Landing System (ILS) critical areas, and

· Increased capacity from closely spaced parallel approaches
Safety Benefits

· Precision approach benefits

· Airport surface navigation benefits

Societal Benefits

· Qualitative description of the continuation and possible enhancement of U.S. technology leadership in air navigation

· Quantitative estimate of international LAAS Ground Facility (LGF) and LAAS avionics sales revenue to U.S. manufacturers

· Qualitative description of noise abatement and mitigation

· Qualitative description of the reduced impact on environmentally sensitive areas

· Qualitative description of how LAAS complements Homeland Security
· Qualitative description of how LAAS and Joint Precision Approach and Landing System (JPALS) offer civilian and military compatibility
· Qualitative description of the expansion of air commerce to smaller communities
· Quantitative analysis of increased reliability of air service

The quantitative societal benefits included in this report are speculative, and are included here only to illustrate the importance of the economic impact that LAAS may provide.  These quantitative societal benefits estimates are not incorporated into the total benefits derived from the efficiency and safety benefits analysis.    

Scope and Key Assumptions

The LAAS benefits analysis focuses on the cost savings that can be achieved by the likely users of LAAS navigation technology during the 20 year period from 2009 to 2028 at 121 airports.  These users are the major passenger airlines, major cargo airlines, regional airlines, corporate/business operators, and the operators of small general aviation aircraft in Alaska who are likely to have special needs for such equipment because of the unique challenges of flying in Alaska.  The 121 airports were selected from the relatively high-volume commercial and business airports that are currently being utilized by potential LAAS users, the 6 Low Rate Initial Production (LRIP) sites, the 35 Operational Evolution Plan (OEP) airports, and the airports that either currently have or are qualified to receive Cat II/III ILSs.

Based on the latest guidance from the FAA, IBM assumed that the LAAS Cat I and Cat II/III would have Initial Operational Capability (IOC) dates of 2009 and 2013, respectively.  In addition various assumptions had to be made about the ground and avionics installation and procedure availability schedules.  A few of the key assumptions included the following:

· Ground facilities will be installed in the order of total airport benefits

· The users will take approximately 6 years to equip their fleets with LAAS avionics 

· Benefits will not be attained until a required equipage level of 80% in avionics equipage is achieved 

· Procedure development will proceed in parallel with LAAS installations and procedures will be available 4 months after installation at each site to allow for flight checks.   

Since the avionics equipage schedule and the minimum required equipage level assumptions are uncertain, IBM conducted sensitivity analyses to determine the effects on the analysis results of variation in these values.  In addition, IBM considered two scenarios related to users’ Wide Area Augmentation System (WAAS) equipage levels – 0% and 100% equipage were evaluated in order to bound the potential effects of WAAS on LAAS benefits.  

Finally, since the outcome of this analysis is stated in terms of the dollar savings in direct operating costs and passenger time, a discount rate was applied to convert future dollar values to 2004 dollars.  The rate that was selected by IBM was a 7% real discount rate, as recommended by the Office of Management and Budget (OMB) for such analyses. In addition, a multiplicative factor was applied to these savings to reflect the downstream effects typically encountered with flight disruptions.

Draft Findings

In the following sections, we summarize the results of our analysis.
Efficiency 

Benefits from Lower Ceiling and Visibility Minima for Straight-In Approaches

One of the primary expected benefits of LAAS is the reduction in flight disruptions (cancellations, diversions, and/or delays) that can occur as a consequence of the lower ceiling and visibility minima achievable with LAAS during straight-in precision approaches.  In this study, we identified airports where the approach minima of existing or planned navigation technologies and capabilities (e.g., VOR, ILS, GPS, WAAS LPV, RNP-.3, RNP-.1) may limit the number of operations that can be handled in Cat I or Cat II/III conditions, resulting in typically very costly flight disruptions.  We used a mathematical model to calculate the number of disruptions that might be avoided at each of the 121 airports with the lower minima made possible with LAAS when compared to the alternative technologies in the baseline.  Our update of the preliminary findings indicates the following:

For the scenario where the users do not equip with WAAS (0% WAAS equipage scenario):
· The total LAAS Cat I benefit from straight-in approaches over the 20 year time horizon (including both direct operating cost and passenger time savings) is $203.5 million.  

· The user direct operating cost savings and passenger time savings from LAAS Cat I are $92.6 million and $110.9 million, respectively.

· Fifty-nine of the 121 airports are expected to benefit from this LAAS Cat I capability.  

· Not surprisingly, given the few navigation technology alternatives in the baseline with a Cat II/III capability, the potential benefit from LAAS Cat II/III is greater than Cat I.  In fact, it is $888.9 million, a four-fold increase over Cat I.  
· A total of 118 airports are expected to benefit from LAAS Cat II/III with expected total direct operating cost and passenger time savings of $398.2 million and $490.7 million, respectively. 
· The Cat II/III benefits for the straight-in approach benefit category account for 57% of the total direct operating cost benefits for all categories studied to date.  
· The primary potential direct operating cost beneficiaries from Cat I and Cat II/III LAAS are Cleveland-Hopkins International ($16.9 million) and Chicago O’Hare International ($23.1 million), respectively. 

· Two of the 3 airports showing no Cat II/III benefits (San Diego International, and Phoenix Deer Valley) have insufficient poor weather to benefit from a LAAS Cat II/III.  The third airport (Juneau International) has terrain problems that prevent LAAS from achieving lower approach minima for straight-in approaches. 

For the scenario where the users equip with WAAS (100% WAAS equipage scenario):

· In the presence of WAAS as baseline technology, the total LAAS Cat I benefit from straight-in approaches is $6.1 million.  

· The number of airports expected to benefit from a LAAS Cat I capability (in the 100% WAAS scenario) is 48 with the direct operating cost and passenger time savings being $2.9 million and $3.2 million, respectively.  

· Not surprisingly, since WAAS is not expected to have Cat II/III capabilities, the total LAAS Cat II/III benefit is the same for the 100% WAAS scenario as the 0% scenario - $888.9, with 118 airport beneficiaries.  

· The LAAS Cat II/III benefits for the straight-in approach benefit category account for 83% of the direct operating cost benefits of all categories studied to date.

· The primary airport direct operating cost beneficiaries from Cat I and Cat II/III LAAS are Anchorage International ($423,000) and O’Hare International ($23.1 million).

Benefits from Improved Takeoff Guidance in Low Visibility Conditions

A restricted ability to perform departure operations during low visibility conditions, although rare, can be highly disruptive to airport and airline operations.  Currently, takeoffs in very low visibility conditions can be conducted with a combination of appropriate runway markings, lighting, crew training, and RVR measurement plus the use of a Cat III ILS localizer and a heads-up display (HUD).  It is expected that LAAS will also provide this level of guidance, potentially at far more runways than are currently served by Cat III localizers.  

In this study, we calculated the takeoff delay savings that would occur with and without LAAS in low visibility conditions using IBM’s Single Airport Delay Model.  Note that since there is no baseline alternative outside of Cat III ILS capable of providing the same benefits, we did not need to distinguish between the two WAAS equipage scenarios.  The updated results of our preliminary analysis are as follows:

· The LAAS takeoff guidance benefit is expected to be $54.5 million, approximately evenly split between direct operating cost and passenger time savings.

· Seventy-five out of 121 airports are expected to obtain some benefit from this capability.

· The principal beneficiary in direct operating cost savings is Westchester County Airport at $6.9 million.

Benefits from Lower Ceiling and Visibility Minima with Complex Approaches

In addition to providing final approach guidance, LAAS is also expected to be able to support complex area navigation (RNAV) procedures.  However, a variety of other existing and planned avionics and ground systems may also support such procedures.  RNAV procedures conducted without LAAS are reportedly capable of supporting complex operations down to near-Cat I approach minima, and if linked to an ILS final approach, down to the minima supported by the ILS.  LAAS offers the possibility of conducting complex procedures down to Cat I or Cat II/III minima where no ILS is available, as well as the simplicity of using a single system for terminal area navigation through final approach and landing, potentially down to Cat III minima. 

In this study, we calculated the potential benefits achievable with LAAS (relative to WAAS and GPS-based RNAV) at runways without an ILS and with relatively high estimated decision heights for LAAS straight-in approaches.  These runways include candidates such as JNU 8 and 26, as well as DCA 19, which for a variety of reasons cannot have an ILS installation. The underlying assumption is that LAAS complex approaches may be used to reduce the approach minima at such runways.  The methodology that was used in this study was based on the mathematical model applied in the straight-in benefits analysis.  

The updated results of our preliminary analysis are as follows:

For the scenario where the users do not equip with WAAS (0% WAAS equipage scenario):
· The LAAS Cat I direct operating cost benefit for complex approaches is estimated to be $98.7 million while for Cat II/III it is $6.1 million.
· Ten airports are expected to have a direct operating cost benefit, with Ronald Reagan National Airport showing the largest benefit for LAAS Cat I ($24.6 million) and La Guardia ($1.3 million) for LAAS Cat II/III.
For the scenario where the users equip with WAAS (100% WAAS equipage scenario):

· Not surprisingly, because of the effects of WAAS, the LAAS Cat I direct operating cost benefit disappears in this scenario, while for Cat II/III it remains at $6.1 million since WAAS is not expected to provide service for these weather conditions.
· The same ten airports that are expected to have a LAAS Cat II/III direct operating cost benefit in the WAAS 0% equipage scenario have the equivalent benefit in this scenario, with La Guardia showing the largest benefit at $1.3 million.
Benefits from the Elimination of ILS Critical Areas

Since the LAAS Ground Facility (LGF), consisting of antennas, receivers, transmitters, and equipment shelter, is not fixed by function, meaning that it does not have to be installed at a specific location (e.g., relative to a runway threshold), there is significant flexibility in its positioning on the airport surface.  Moreover, a single LGF may be able to service all the runways of an airport.  Consequently, LAAS presents an opportunity to eliminate ILS critical areas that today can 1) reduce the capacity of a runway (e.g., by air traffic control requiring that arrivals be spaced further apart to accommodate departures that must traverse the extra distance from the ILS hold line to the departure runway) and 2) increase the taxi time needed to cross an active runway.  The only other baseline technology able to achieve this same benefit is WAAS which is assumed to attain a Cat I level capability in the 2015 time frame.  

IBM identified airports where ILS critical areas result in arrival, taxi-in, and taxi-out time delays and estimated the reduction in these delays made possible with LAAS (with and without user WAAS equipage) using a combination of a Single Airport Delay Model developed by IBM and data analysis of actual taxi-in and taxi-out times.  The following are IBM’s findings:

For the scenario where the users do not equip with WAAS (0% WAAS equipage scenario):

· The total LAAS benefit made possible from the elimination of ILS Cat I holds is $23.1 million.  

· Six airports are expected to benefit from reduced arrival delays achievable with LAAS Cat I and 7 airports from reduced taxi-in or taxi-out delays.  

· The primary airport beneficiaries in LAAS Cat I direct operating cost savings are Cincinnati/Northern Kentucky International ($3.9 million in reduced arrival delays), and Dallas-Ft. Worth International ($13.0 million in reduced taxi-in delays and $1.8 million in reduced taxi-out delays).

· For Cat II/III, the total LAAS benefit is $13.3 million. 

· Eight airports are expected to benefit from reduced arrivals delays achievable with LAAS Cat II/III and eleven airports from reduced taxi-in and taxi-out delays. 

· The primary airport beneficiaries in LAAS Cat II/III direct operating cost savings are Cincinnati/Northern Kentucky International ($1.6 million in reduced arrival delays) and Detroit Metropolitan Airport ($1.2 million in reduced taxi-in delays and $1.3 million in reduced taxi-out delays).

For the scenario where the users equip with WAAS (100% WAAS equipage scenario):

· The only results affected by the assumption of 100% WAAS equipage are those associated with LAAS Cat I.  LAAS Cat II/III results remain the same since WAAS does not have the capability to eliminate ILS Cat II/III critical areas.  

· The total LAAS benefit made possible from the elimination of ILS Cat I holds is $3.8 million and the number of airports expected to benefit from this capability is the same as that in the WAAS 0% equipage scenario. The reduction in benefit is due to the reduced time available for LAAS to accrue benefits prior to the 2015 availability of WAAS Cat I.

· The primary airport beneficiaries in LAAS Cat I direct operating cost savings are Cincinnati/Northern Kentucky International ($633,000 in reduced arrival delays), and Dallas-Ft. Worth International ($2.1 million in reduced taxi-in delays and $287,000 in reduced taxi-out delays).

Benefits from Increased Capacity from Closely Spaced Parallel Approaches

It is clear from studies conducted on simultaneous independent parallel approaches that the largest contributors to the required separation between parallel runways are surveillance error, flight technical error, and the distance needed to detect and resolve potential blunders.  Although navigation system errors that can be mitigated by such technologies as LAAS are not insignificant, their contribution to the required runway separation is minor (i.e., less than 20% of the 4300’ separation requirement) compared to other errors and required distances. 

Without new technologies to reduce the size of the surveillance errors and flight technical errors as well as automated methods for detecting and resolving blunders, LAAS alone is likely to have a negligible impact on the reduction of lateral separations required for simultaneous independent parallel approaches.  However, research studies have indicated that LAAS can be combined with other technologies, such as a tunnel-in-the-sky display or Automatic Dependent Surveillance-Broadcast (ADS-B) and Cockpit Display of Traffic Information (CDTI), to enable those technologies to achieve a level of performance that they would not be able to attain without LAAS.  

There are 11 non-Precision Runway Monitor (PRM) equipped airports among the 121 candidate airports in the LAAS benefits analysis that would be affected if the required separation for simultaneous independent parallel approaches were reduced from 4300 ft. to 3100 ft., a separation that may be achievable if LAAS is combined with other technologies.  These airports were analyzed with IBM’s Single Airport Delay Model (comparing delays with and without independent parallel operations) to determine the potential benefits achievable with LAAS, relative to the primary baseline technologies (in this case, WAAS).  
The updated results of our preliminary analysis are as follows:

· The total LAAS Cat I benefit for closely space parallel approaches in the WAAS 0% scenario is $22.1 million, with Detroit Metropolitan Airport being the largest beneficiary in direct operating cost savings at $3.5 million.  

· In the presence of WAAS (i.e., the 100% WAAS equipage scenario), the total LAAS Cat I benefit drops to $543,000, with Long Beach Municipal Airport showing the largest benefit in direct operating cost savings at $265,000.
Benefits from Variable Glideslopes
The ability of LAAS to support multiple simultaneous glideslopes (separate vertical paths, each at a unique vertical angle, and each capable of providing precision vertical guidance for aircraft during approach and landing) may provide a level of flexibility not available with the current precision approach infrastructure. In addition, LAAS may be capable of providing temporary changes in precision approach path (e.g., to accommodate runway construction) more readily than is possible with an ILS.  

Examples of potential benefits include:

· EWR runway 11 – Allow for continued operations via steeper glideslope during times when harbor cargo ships interfere with current fixed ILS glideslope angle.

· Potential to decrease longitudinal spacing between aircraft by placing lighter aircraft on a steeper glideslope than heavy aircraft, in order to avoid wake vortex problems.

· MEM runway 17/35 – Temporary approaches used during runway construction

It should be noted that the range of practical glideslope angles is limited by aircraft performance characteristics, and therefore not all current limitations will be addressable.  Temporary approaches would still have to be flight tested and the displaced threshold may not accommodate all aircraft due to the shortened runway length.
Benefits from Digital Data Uplink
Uplink of data, including RNAV and precision approach path waypoints, may provide a level of flexibility for air traffic operations in the terminal area not available with the current precision approach infrastructure.  The uplink of path segments (e.g., SIDs and STARs) using LAAS may have some benefits, but at this time the technical and procedural details of this capability have not been fully established, and a number of issues have been identified.

If the identified issues are resolved, and procedures are developed to take advantage of the flexibility provided by the LAAS data uplink, this capability may provide important benefits for both operators and service providers. 

Benefits from Airspace De-Confliction
The horizontal and vertical accuracy of LAAS, whether as precision guidance system, or in support of RNAV/RNP procedures, may provide the capability to resolve conflicts in airspace usage among adjacent airports and between arrivals and departures at the same airport.  The capability to resolve airspace use conflicts may reduce the airspace needed per operation, thus allowing a greater density of operations in a given airspace.  This capability may be of particular importance in highly congested airspace (e.g., the Chicago, New York and Los Angeles areas).

Some airspace conflict resolution may be possible with RNAV capabilities through the use of GPS and/or WAAS.  In these cases, LAAS may show little to no benefit.

Benefits from Missed Approaches
LAAS may have the capability to provide precision guidance, potentially including guided complex or curved paths, for the missed approach segment.  A low-RNP and/or complex guided missed approach may permit reductions in approach minima and/or continued use of one or more runways during low weather minima conditions.  

Some of these benefits may be achievable with RNAV capabilities through the use of GPS and/or WAAS.  In these cases, LAAS may show little to no benefit.

Summary of Efficiency Results
· Based on the analysis conducted to date, the estimated LAAS efficiency benefit for the 20 year time horizon assuming that the likely LAAS users do not equip with WAAS is $1.5 billion.  As shown in Table ES-2, the direct operating cost and passenger time savings for LAAS are $697.8 million and $838.1 million, respectively. 

· In the case where the likely LAAS users are assumed to fully equip with WAAS, the estimated LAAS efficiency benefit is $1.1 billion, with the benefit for direct operating cost and passenger time savings being $479.2 and $580.8, respectively.

· The overall direct operating cost savings and passenger time savings for each benefit category under the two WAAS scenarios are illustrated in Figure ES-1.  The largest benefit is achieved for straight-in approaches, with the largest portion of that being due to LAAS Cat II/III capabilities.   

Table ES-2: Discounted 20 year LAAS Efficiency Benefits – Best Estimate
	
	Direct Operating Cost 
	Passenger Time Savings 

	LAAS Benefits

(Assuming 0% WAAS equipage)
	$697,800,000 
	$838,100,000 

	LAAS Benefits

(Assuming 100% WAAS equipage)
	$479,200,000 
	$580,800,000 



[image: image1]
Figure ES-1. Proportion of the Discounted 20 year LAAS Estimated Benefits Attributable to Each of the Five Quantified Efficiency Benefit Categories

Safety

The LAAS Safety Analysis report, of which this section is a summary, was produced by the Flight Safety Foundation (FSF), a recognized authority in the field of aviation safety analysis. The full FSF report is available separately. 

Currently, there are many different kinds of navigation-based approaches to runways at the more than 4,000 public use airports with paved runways.
 These airports have well over 10,000 runways, of which more than 1,150 have instrument landing system (ILS) precision approaches
. The remaining runways have no instrument approaches or use a variety of less precise non-precision instrument approaches.  It is generally acknowledged that a precision approach is safer than a non-precision approach. This is supported by research conducted by FSF which indicated that the risk of an accident among air carrier airplanes is five times greater during a non-precision approach than a precision approach.

The underlying hypothesis of this study is that LAAS will provide safety benefits above and beyond those provided by other systems, including WAAS, by providing precision approach service. To evaluate the safety benefits of LAAS implementation, the study relied heavily on a retrospective evaluation of past accidents and incidents. The underlying rates of these accidents were used to project anticipated losses if LAAS were not implemented. Once the benefits of LAAS implementation were determined, they were used to estimate the monetary benefit of the expected reduction in accidents.  Estimated benefits associated with airport surface navigation were developed similarly.

A number of data sources were used for this analysis, including the National Transportation Safety Board (NTSB) accident and incident investigation database, the FAA’s National Airspace Incidents Monitoring System (NAMIS)
, and the National Aeronautical and Space Administration’s (NASA) Aviation Safety Reporting System (ASRS). 

After a thorough review of the aviation safety data, eleven relevant accidents and incidents were identified for study.  Projections of accidents to the 2009-2028 study period resulted in an estimated reduction from 34 accidents without LAAS to 3 with LAAS implementation.  The following tables summarize the study’s findings for LAAS benefits for the two operator equipage scenarios: 0% equipage with WAAS, and 100% equipage with WAAS.

Table ES-3 shows that the estimated LAAS precision approach benefits, for the scenario in which operators do not equip with WAAS is $38.1 million. For the scenario in which operators do equip with WAAS, LAAS benefits are estimated to be $14.9 million.  

Surface navigation benefits for LAAS are most likely shared with some enabling technology, like ADS-B, or moving map. To reflect this dependency, Table ES-4 shows LAAS surface navigation benefits of $20.1 million, which is half that reported by FSF.  Additionally, although FSF research found that LAAS is the most likely system to provide surface navigation positioning information, we concluded that other systems, like WAAS or multilateration, may also be able to provide this service.  Therefore, our LAAS surface navigation benefit for the 100% WAAS equipage scenario was determined to be zero.

Table ES-5 shows the total benefits from both precision approach and surface guidance capabilities.

Table  ES-3: LAAS Safety-Related Monetary Benefits During Precision Approaches 
	
	Accidents Prevented (Hull loss and damage)
	Fatal Injuries Prevented
	Serious Injuries Prevented
	Total

	LAAS Benefits

(Assuming 0% WAAS equipage)
	$37,569,000
	$0
	$555,000
	$38,124,000

	LAAS Benefits

(Assuming 100% WAAS equipage)
	$14,636,000
	$0
	$240,000
	$14,876,000


Table  ES-4: LAAS Safety-Related Monetary Benefits from Enhanced Surface Guidance
	
	Accidents Prevented (Hull loss and damage)
	Fatal Injuries Prevented
	Serious Injuries Prevented
	Total

	LAAS Benefits

(Assuming 0% WAAS equipage)
	$5,122,000
	$14,634,000
	$419,500
	$20,175,500

	LAAS Benefits

(Assuming 100% WAAS equipage)
	$0
	$0
	$0
	$0


Table  ES-5:  LAAS Safety-Related Monetary Benefits (Precision Approaches and Surface Guidance)
	
	Accidents Prevented (Hull loss and damage)
	Fatal Injuries Prevented
	Serious Injuries Prevented
	Total

	LAAS Benefits

(Assuming 0% WAAS equipage)
	$42,691,000
	$14,634,000
	$974,500
	$58,299,500

	LAAS Benefits

(Assuming 100% WAAS equipage)
	$14,636,000,
	$0
	$240,000
	$14,876,000


Societal

Continuation of U.S. technology leadership in air navigation
The FAA’s Flight Plan 2004-2008
 specifically identifies GNSS augmentation systems as one tool to help reach the goal of “seamless operations around the globe…”, and advocates that the agency promote the “commercial proliferation, interoperability and use” of these systems.  The U.S. has historically taken a lead role in promoting satellite navigation around the world as the standard for 21st Century air navigation.
LAAS implementation will encourage a single standard for global navigation and help in areas lacking CNS-ATM (Communication, Navigation, Surveillance/Air Traffic Management) coverage. International implementation of LAAS could bring high-precision navigation service to areas now served by minimal or outdated equipment, allowing expansion of air service by both U.S. and foreign carriers.
International sales and implementation can also help U.S. companies remain at the cutting edge of new technologies, ensuring continued innovation and economic growth.  In the Final Report of the Commission on the Future of the United States Aerospace Industry
, the Aerospace Commission noted that “the United States must enable U.S. companies to retain their position at the forefront of technology innovation”.  They also noted that “revenues generated through export sales [have] helped companies to fund development of new technology, and a broad customer base [has] enabled U.S. companies to achieve economies of scale necessary to incorporate new technology into new generations of products”

Quantitative estimate of international sales
Our discussions with U.S. carriers revealed two important goals: 1) to simplify the number and variety of landing systems and procedures currently in use, and 2) to operate globally with the same set of simplified systems and procedures.  A single navigation and landing system, capable of global implementation, can contribute to achieving these goals.  

If domestic carriers equip with LAAS, they will want to use this capability throughout their networks, including at overseas airports.  Therefore, we explored the potential market for international LAAS Ground Facility (LGF) sales to these airports.  Similarly, if domestic airports serving international carriers equip with LAAS, foreign carriers operating to the U.S. will have an incentive to also equip with LAAS.  Therefore, we explored the potential market for international (Part 129) avionics sales to such carriers.  
A detailed analysis of the most likely extent of international sales would be a significant undertaking, and is out of the scope of this project.   Instead, we estimated the market size and potential benefit of international sales of both LGFs and LAAS avionics, consistent with the assumptions above.
Results:  Market Estimate and Potential Original Equipement Manufacturer (OEM) Benefit

A. International LGF Sales

a. Market Estimate is 157 airports

           Note: Estimate is the number of international airports served by U.S. carriers, less  

           current and potential MLS airports.

b. Potential OEM Benefit is $94,200,000.

B. International (Part 129) Avionics Sales

a. Market Estimate is 846 aircraft.

           Note: Estimate is based on the number of international carriers serving the 121 airports studied.

b. Potential OEM Benefit is $ 8,460,000.
Noise abatement and mitigation
The LAAS capabilities that may have a direct impact on noise issues are those that offer increased control over the flight path taken.  The ability to consistently provide defined, repeatable (laterally and vertically contained) flight tracks during all weather conditions allows for greater control over noise distribution and can offer potential cost savings for noise related programs and issues.  

Noise abatement and mitigation, may be possible with RNAV capabilities through the use of existing systems, including Global Positioning System (GPS), and potentially with WAAS.  For aircraft with such RNAV capabilities, LAAS may show little to no benefit for noise abatement and mitigation.

Reduced impact on environmentally sensitive areas
The LAAS capabilities that may have a direct impact on environmentally sensitive areas are those that offer increased control over the flight path taken.  The ability to consistently provide defined, repeatable (laterally and vertically contained) flight tracks during all weather conditions allows for reduced impact of aviation activity on environmentally sensitive areas.  

Reduced impact to environmentally sensitive areas may be possible with RNAV capabilities through the use of existing systems, including GPS, and potentially with WAAS.  For aircraft with such RNAV capabilities, LAAS may show little to no benefit.

Role of LAAS in  Homeland Security
Increased emphasis on aviation security requires increased navigation and surveillance capabilities.  In some cases, the ability of LAAS to provide a high level of control over flight paths may be crucial to Homeland Security.  For example, in areas of heightened security, such as operations into and out of DCA in our nation’s capital, LAAS, in conjunction with other technologies such as ADS-B, may enable Air Traffic to more precisely anticipate the expected terminal area flight path, and to more readily detect and react to any deviation from that flight path. 

RNAV capabilities provided by existing systems, including GPS, and potentially WAAS, combined with other technologies, such as ADS-B, may also enable Air Traffic to precisely anticipate the expected terminal area flight path, and to more readily detect and react to any deviation from that flight path.  In these cases, LAAS may show little to no benefit.  Situations in which LAAS can uniquely contribute to increased security have not been established.

LAAS and JPALS offer cilvan and military compatibility
The Department of Defense (DoD) currently operates a variety of precision approach systems, including the Instrument Landing System (ILS), Microwave Landing System (MLS), and Precision Approach Radar (PAR).  No single system currently available meets all of the DoD’s precision approach needs.  In order to standardize on a single-system solution, the DoD is developing a Joint Precision Approach and Landing System (JPALS), a military-use differential GPS system designed to be interoperable with the civilian-use LAAS.  Interoperability of civil and military landing systems is the primarily benefit.  A JPALS transmitter is designed to broadcast a signal meeting the requirements of civil LAAS avionics, and a JPALS receiver is designed to use the LAAS broadcast signal. 

Twenty of the 121 airports studied have a military presence that comprises greater than ten percent of total airport operations.   In addition, the DoD conducts operations at many NAS airports, including over 95% of the 121 airports in this study.  Because of the interoperability of LAAS and JPALS, taxpayers may be able to forgo installing these two compatible systems at one location.  At the 20 sites with substantial military operations, this could potentially save taxpayers at least $24M.
Expansion of air commerce to smaller communities

The expansion of air service to smaller communities can be important for economic development.  Allowing reliable, precision guidance to all runways may increase economic development through increased air service and passenger utilization at smaller community airports.  

The expansion of air commerce into smaller communities may have multiple beneficiaries.  However, many of the benefits of expansion of air service may be achievable with RNAV capabilities through the use of existing systems, such as GPS, and potentially WAAS, or achieved through ILS precision approach.  For aircraft with such RNAV capabilities, or in cases in which ILS is present, LAAS may provide little to no benefit.  However, in some terrain challenged areas LAAS may be the best precision approach option.
Quantitative analysis of increased reliability of air service
Studies have suggested that infrastructure changes that lead to increased quality of air service (e.g. reduced flight times, increased reliability) may lead to increased passenger load factors
. By reducing flight disruptions, and increasing the reliability of air service, LAAS may offer this benefit.  Increased load factors result in additional tax revenue available for aviation improvements from the Domestic Passenger Ticket Tax and increased revenues for the airlines. 

This quantification is for illustrative purposes only, and no claim is made that LAAS, or any other precision approach system will lead to these specific benefits.  Rather, this shows the benefits that may be obtained for every 1% increase in load factor in 1% of the domestic major and regional carrier flights, by improving the reliability of all-weather flight operations.

Table ES-6 shows that the estimated benefits for the 0%, and 100% WAAS equipage scenarios are $96.0M, and $22.1M, respectively, as a result of a one percent (1%) increase in load factor on one percent (1%) of domestic major and regional operations among the 121 airports studied.
Table  ES-6: Discounted 20 year Laas Benefits for Each 1% Increase in Load Factor on Each 1% of Domestic Major and Regional Airline Operations

	
	Increased Tax Rev
	Increased Airline Rev
	Total

	LAAS Benefits

(Assuming 0% WAAS equipage)
	$6,701,000
	$89,348,000
	$96,049,000

	LAAS Benefits

(Assuming 100% WAAS equipage)
	$1,653,000
	$20,478,000
	$22,131,000
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