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WAAS Benefits Register

Executive Summary

The Wide Area Augmentation System (WAAS) Benefits Register describes how WAAS can benefit operations in the National Airspace System (NAS).  In the register, the WAAS benefits are broken out into three major categories: safety, efficiency, and strategic.  Safety benefits result in safer NAS operations.  Efficiency benefits result in more efficient NAS operations (time, space, or cost).  Strategic benefits are benefits that require implementing technologies; that is, WAAS cannot independently achieve the benefit.  For example, when WAAS position information is used with a surveillance system to improve surveillance accuracy, the surveillance system is a prerequisite to achieving the benefit.

Within the three categories, efficiency benefits are further broken down into general (those that generically apply to all phases of flight), en route, terminal, and approach/missed approach categories.  Strategic benefits described in the body of this register are focused on aviation.  WAAS, due to its ability to augment GPS by providing very accurate positioning and timing information has become a national utility gaining rapid acceptance by many non-aviation users.  Appendix B provides additional information on these benefits.

WAAS has certain fundamental characteristics that underpin the various safety, efficiency, and strategic benefits.  These characteristics include:

-
The ability to provide vertical guidance,

-
Glide path flexibility (multiple glide paths to same runway end, glide paths anywhere on the airport surface to support simultaneous non-interfering operations, offset thresholds, curved glide paths, etc.),

-
The ability to provide extremely accurate position information,

-
Highly accurate integrity information,

-
The ability to use angular or linear guidance, and

-
Certification requirements that result in highly standardized operations.

Other systems share some of the WAAS benefits but each has limitations.

-
Instrument Landing Systems (ILSs) are certified for Category I, II, and III precision approaches.  WAAS will ultimately achieve the International Civil Aviation Organization’s approach standards for a Global Navigation Satellite System (GNSS) Landing System (GLS); equivalent to a Category I precision approach.  However, WAAS does not require any hardware to be installed and maintained at the airport, it uses a virtual glide path, and it can provide vertically guided approaches anywhere in the NAS.  Because WAAS uses a virtual glide path, vertical guidance can be provided in turns, multiple glide path angles can simultaneously be available to the same runway end, glide paths can be established to any location on or off the airport, and glide paths can be used at extended distances from the landing area.  Most importantly, these glide paths can be established without infrastructure costs.  Furthermore, ILS uses angular guidance that decreases in accuracy as the distance from the runway end increases.  WAAS can use linear or angular guidance and can meet the highest RNP requirements anywhere in the NAS.  WAAS eliminates ILS induced airport critical areas, and can support applications like Automatic Dependent Surveillance (ADS)-B, surface navigation, and runway incursion avoidance systems.  And last, flight inspection requirements for WAAS are substantially reduced since there is no need to re-inspect WAAS approach procedures for calibration, interference, stability, satellite reception, or accuracy.

-
Flight management systems support free flight, provide position information, and support approaches with vertical guidance but are generally limited to operations with RNP requirements of 0.3 or higher, whereas WAAS supports RNP requirements down to 0.1.  Flight management systems are limited to Lateral Navigation/Vertical Navigation (LNAV/VNAV) approaches while WAAS can fly all LNAV/VNAV and LPV approaches, and at FOC will be able to fly GLS Category I precision approaches.  WAAS also has a decided advantage over flight management systems where the lack of standardization can result in inconsistent performance from one aircraft to the next.  Since flight management systems integrate navigation data from multiple sensors (VOR, DME, INS, TAS, …), the number, orientation, and availability of navigation aids providing data is constantly changing.  Each aircraft “sees” different navigation aids from different orientations and distances.  Variable navigation inputs, exacerbated by insufficient standardization (e.g., different turn algorithms) across generations of flight management systems, inhibit the ability of aircraft equipped with flight management systems to exhibit consistent, repeatable performance.  And, due to cost and complexity, only high-end aircraft normally incorporate a flight management system.  WAAS brings standardization and increased accuracy across all aircraft types with or without flight management systems at about the same cost as a GPS receiver.  Not only does this standardization lead to a more efficient NAS, it reduces pilot and air traffic controller workload, which in turn boosts safety.

Other WAAS attributes include:

-
Reduced avionics costs (WAAS equipped general aviation aircraft do not need other navigation aids (DME, VOR, NDB, or LORAN).  WAAS equipped commercial carriers do not need NDBs or redundant navigation aids such as dual VORs or DMEs).

-
Reduced infrastructure support costs (WAAS allows a substantial number of ground-based navigation aids to be decommissioned).

-
Supports free flight and the most demanding aircraft separation requirements.

-
Improves situational awareness.

-
Reduces controlled flight into terrain.

-
Reduces air traffic controller workload

The WAAS Benefits Register delineates 26 specific WAAS benefits, but beyond the individual WAAS benefits is the value of WAAS to the NAS modernization strategy.  WAAS plays an important role in NAS modernization and is a key technology for standardizing and improving the efficiency of NAS operations.  WAAS provides capabilities, services, and applications that are key components of a larger, highly complex system (e.g., RNP, free-flight, and ADS-B).  Moreover, with a receiver cost comparable to GPS, WAAS is available to all aviation communities (air carrier, general aviation, vertical flight, cargo, and regional carriers).  Without WAAS, the ability to achieve future NAS efficiencies will be diminished.

WAAS Benefits Register

Introduction

The Wide Area Augmentation System (WAAS) Benefits Register describes how WAAS can benefit operations in the National Airspace System (NAS).

In the register, the WAAS benefits are broken out into three major categories: safety, efficiency, and strategic.  Safety benefits result in safer NAS operations.  Efficiency benefits result in more efficient NAS operations (time, space, or cost).  Efficiency benefits are further broken down into general (those that generally apply to all phases of flight), en route, terminal, and approach categories.  Strategic benefits are benefits that require implementing technologies; that is, WAAS cannot independently achieve the benefit.  For example, when WAAS position information is used with a surveillance system to improve surveillance accuracy, the surveillance system is a prerequisite to achieving the benefit.

This register describes 26 WAAS benefits, most of which are attributable to two fundamental WAAS characteristics: the ability to provide vertical guidance and the ability to provide very accurate Position, Velocity, and Time (PVT) information.

-
Vertical Guidance.  Systems other than WAAS can provide vertical guidance including the Instrument Landing System (ILS) and flight management systems.  ILS is certified for Category I, II, and III precision approach procedures.  WAAS is being developed incrementally to achieve the International Civil Aviation Organization’s standards for a GLS approach, the equivalent to a Category I precision approach.  However, WAAS has several advantages over ILS.  It does not require any hardware to be installed and maintained at the airport, it uses a virtual glide path (the glide path is not transmitted electronically, it is self-generated in the receiver), and it can provide vertically guided approaches anywhere in the NAS.  Because WAAS uses a virtual glide path, vertical guidance can be provided in turns, multiple glide path angles can simultaneously be available to the same runway end, glide paths can be established to any location on or off the airport, and glide paths can be used at extended distances from the landing area.  Most importantly, glide paths can be established to virtually every runway end in the NAS without conventional, ground-based NAVAID infrastructure costs.


Like WAAS, flight management systems use a virtual glide path but are certified for LNAV/VNAV approach procedures only.  WAAS is certified to fly LNAV/VNAV, LPV, and GLS Category I precision approaches.  Flight management systems are expensive and available primarily to high-end aircraft; the cost of a WAAS receiver is comparable to that of a GPS receiver making it available to virtually all aircraft, commercial and private.

-
WAAS Position, Velocity, and Time (PVT) information.  When compared to other airborne navigation systems, WAAS is unparalleled in the accuracy of the PVT it generates.  Flight management systems also generate PVT but are not only less accurate, but do not have the consistency of WAAS since they integrate navigation data from multiple sensors (VOR, DME, INS, TAS, …); the number, orientation, and availability of which is constantly changing.  Some flight management systems include GPS inputs, but no flight management system is currently certified to use WAAS.  When flight management systems begin using WAAS PVT, they will, of course, become as accurate as WAAS.


The highly accurate WAAS PVT generates many important benefits and makes them available to all NAS users including the ability to:

--
Meet the most stringent Required Navigation Performance (RNP) requirements and support free flight operations,

--
Fly complex terminal procedures,

--
Fly guided departures and arrivals,

--
Improve the performance of surveillance and warning systems like Automatic Dependent Surveillance-Broadcast (ADS-B) and Terrain Awareness and Warning Systems (TAWS),

--
Expand the use of closely spaced parallel runway operations, and

--
Reduce aircraft separation requirements.

WAAS has several related benefits including the ability to (1) use linear and angular guidance, (2) make flight management system functionality available to all users, (3) reduce avionics costs for all users, (4) reduce the cost to maintain the NAS, and (5) expand air traffic routes.

Some of the WAAS benefits can be achieved using the Global Positioning System (GPS) for navigation.  However, WAAS has added value that needs to be credited for several reasons:

-
WAAS provides much improved integrity over GPS Receiver Autonomous Integrity Monitoring (RAIM).  WAAS integrity is so much better that it fosters several additional benefits.

--
WAAS equipped general aviation aircraft need no other navigation aids (DME, VOR, NDB, or LORAN).  WAAS equipped commercial carriers do not need NDBs or redundant navigation aids such as dual VORs or DMEs.  (Note, to achieve Category II or III precision minimums, the aircraft will need ILS and DME.)

--
WAAS integrity leads to greater availability than GPS.  Because RAIM is not a high fidelity integrity monitor (relatively insensitive with a higher false alarm rate than WAAS), procedures that may be available to WAAS may not be available to GPS.  So even though GPS has the fundamental capability to support the procedure, the procedure will be available to aircraft equipped with WAAS more often than it will be for GPS equipped aircraft

-
WAAS is substantially more accurate than GPS.

--
WAAS supports the tightest RNP requirements and the closest aircraft separation standards.  GPS may be sufficient for most operations but, for example, will be limited when it comes to flying the most demanding RNP routes, guided departures, and the like.

--
GPS has a Position, Velocity, and Time (PVT) output that can be used by other systems (e.g., ADS-B).  WAAS PVT is not only more accurate than GPS, but has the resolution to make it easier to distinguish one aircraft from another when they are in close proximity.

-
WAAS provides vertical guidance and GPS does not.  It is easy to separate which benefits depend on vertical guidance and which do not.  However, suppose an aircraft is flying an arrival that transitions to an approach that requires vertical guidance to meet the weather minimums.  GPS is sufficient for the arrival, but is incapable of flying the approach.  It would be disingenuous to not credit WAAS for the arrival since GPS alone may be insufficient for the ensuing successful completion of the approach and landing.

-
WAAS certification requirements are more thorough than those for GPS which result in more standardized operations.

To be complete, the register notes which benefits could be attributed to GPS with a short note on related GPS limitations.  In the balance, WAAS is wholly dependent on GPS so there is little merit in trying to contrast one against the other.  Without GPS there could be no WAAS; WAAS is GPS, only better.

No comparisons are made between WAAS and LAAS in this register since LAAS is currently a Research and Development (R&D) program as opposed to a production program.  In the terminal area LAAS will potentially be able to accomplish everything that WAAS can accomplish as well as achieve GLS Category II and III precision approach.  However, LAAS functionality at IOC and FOC is not formally defined so it is not possible to accurately contrast the two systems.

Safety Benefits

1.
Reduces Controlled Flight into Terrain (CFIT)
A major cause of CFIT during approach is the lack of vertical guidance.  The Flight Safety Foundation has shown there is a 7-fold reduction in approach accidents when vertical guidance is provided compared to non-vertically guided (i.e., non-precision) approaches (Flight Safety Foundation Report: “Safety Benefits of the WAAS during Instrument Approaches,” Oct 31, 2001).  That is, the accident rate for aircraft flying non-precision approaches is 7 times higher than the accident rate for aircraft flying vertically guided approaches.  Extrapolating historical statistics, the reduced risk of CFIT over a 20-year period should result in 140 fewer accidents and 260 fewer deaths.  In addition to the reduction in deaths and injuries, there will also be reduced costs for treating injuries, litigation, investigations, and aircraft and collateral damage.  There will also be increased confidence in aviation safety among the flying public avoiding revenue loss for commercial carriers.

2.
Improves Situational Awareness

WAAS position information is more accurate than that provided by other aircraft navigation aids (VOR, DME, NDB, LORAN, INS, GPS, or non-WAAS flight management systems).  When this highly accurate position information is used with systems like Automatic Dependent Surveillance-Broadcast (ADS-B) or a Terrain Awareness and Warning System (TAWS), improved situational awareness results.  WAAS can also improve the accuracy and reduce the alarm rate of ground proximity warning and forward-looking terrain avoidance systems.

WAAS not only improves the accuracy of the positional information, but also provides a common navigation reference for all aircraft.  Aircraft that use flight management systems typically integrate range and bearing information from multiple navigation aids to determine location.  Each aircraft sees a different set of constantly changing navigation aids from differing perspectives (distance and azimuth) that results in inconsistent navigation performance.  WAAS provides a consistent, common navigation reference for all aircraft.

There is an added benefit for the general aviation community since they have not had access to costly flight management systems and, more than any other community, have relied on ground-based navigation aids with course deviation bars and bearing needles on a compass rose for situational awareness.  WAAS receivers (1) invariably include moving map displays and (2) depict route information using textual and graphical formats.  WAAS displays not only provide improved situational awareness, they provide a path for implementing ADS-B technology in general aviation aircraft.

The ability of WAAS to provide improved accuracies to enhance situational awareness will also benefit the FAA through more accurate aircraft controller display information and, with expanded ADS-B use, positional feedback from more aircraft.

Efficiency Benefits

Efficiency Benefits (General)

3.
Achieves Consistent, Accurate, Repeatable Performance
When aircraft do not all fly a given procedure the same, clearance surfaces and aircraft separation distances must be loose enough to accommodate the performance of every aircraft.  At the same time, aircraft that vary too far from the norm require special handling, adding to controller workload and controller-pilot communication.  Fundamental to achieving efficiencies in the NAS is the need to standardize navigation performance to achieve accurate, consistent, and repeatable operations.  WAAS certification requirements generate that level of standardization.  WAAS has a decided advantage over flight management systems where the lack of standardization can result in inconsistent performance from one aircraft to the next.  Since flight management systems using ground-based navigation aids integrate navigation data from multiple sensors (VOR, DME, INS, TAS, …), the number, orientation, and availability of navigation aids providing data is constantly changing.  Each aircraft “sees” different navigation aids from different orientations and distances.  Variable navigation inputs, exacerbated by insufficient standardization (e.g., different turn algorithms) across generations of flight management systems, inhibit the ability of aircraft equipped with flight management systems to exhibit consistent, repeatable performance.  And, due to cost and complexity, only high-end aircraft normally incorporate a flight management system.  WAAS brings standardization and increased accuracy across all aircraft types with or without flight management systems at about the same cost as a GPS receiver.  Not only does this standardization lead to a more efficient NAS, it reduces pilot and air traffic controller workload, which in turn boosts safety.

Highly consistent, accurate, repeatable navigation performance leads to an across the board benefit to all aircraft flying in the NAS, as well as to the FAA.  More accurate navigation can lead to tighter airspace protection surfaces; consistent operations can lead to reduced controller workload; and standardized performance can remove constraints that might otherwise prevent certain procedures from being implemented (e.g., guided missed approach procedures that can enable lower approach minimums, tight RNP arrivals to deconflict airspace, extended parallel approaches, etc.).

4.
Meets Most Demanding Required Navigation Performance (RNP) Requirements

WAAS has the integrity, performance, and availability to meet the most stringent RNP requirements from en route through GPS Landing System (GLS) category I precision approach.  RNP underpins virtually every future operational advancement planned for the NAS.  RNP allows operations based on the navigation performance of the aircraft and is fundamental to achieving free flight.  RNP, without the underlying navigation systems to perform the required navigation, is of little practical value.  Whether WAAS provides deviations to a complex procedure or the WAAS generated PVT output is used by a non-WAAS navigator, WAAS is able to support the most demanding RNP requirements anywhere within the NAS.  WAAS can do more than any other navigation system to improve the aircraft’s Estimated Position Uncertainty (EPU), the underlying performance that is critical to achieving the level of RNP needed to support increased aircraft throughput.

Flight management systems and GPS can both support RNP operations but typically achieve RNP 0.3 compared to RNP 0.1 for WAAS.  Flight management systems require the integration of multiple navigation inputs (VOR, DME, INS, etc.) using a complex, expensive flight management system.  Flight management systems have restrictions that do not apply to WAAS on cold-weather operations and on the use of remote altimeter setting sources (RASS) when flying Baro-VNAV approaches.  WAAS is available to a broader cross-section of the aviation community, has a higher specified integrity, and can often achieve lower approach minimums since obstacle clearance requirements are less restrictive for WAAS than for Baro-VNAV.  WAAS provides a more consistent, standardized, single-sensor solution; provides the associated integrity to guarantee the accuracy of that solution; and is not dependent on ground-based navigation aids.  Because WAAS has such broad applicability it is an essential part of the NAS architecture.

Air carrier aircraft typically use flight management systems that meet established en route and terminal RNP requirements but then switch to ILS for the final approach.  Inconsistent flight management system performance can limit the procedures that the FAA can implement.  Implementation of WAAS in air carrier aircraft can improve performance and consistency, making it possible to implement more stringent RNP procedures.

Since WAAS obviates the need to have a flight management system for free-flight and RNP-based operations, the general aviation community will not only be able to continue to fly in the NAS as the FAA transitions to RNP-based operations but will be able to fly the most demanding RNP procedures, consistent with their flight technical error (e.g., some procedures may require an autopilot or flight director).

The vertical flight/air taxi communities will share the same benefit as the general aviation community, but will also have access to new routes tailored to their operations – routes that rely on linear guidance to enable flight in obstacle rich environments.

The FAA also benefits because increased aircraft compatibility leads to more efficient airspace use and reduced controller workload.

5.
Meets Most Stringent Aircraft Separation Requirements
WAAS can provide very accurate linear guidance anywhere within its service volume for departure, en route, arrival, approach, and missed approach operations.  This guidance is accurate enough to support any existing lateral or longitudinal aircraft separation requirement and can directly support increased aircraft throughput in all phases of flight.

Flight management systems can support linear navigation but have standardization and repeatability shortcomings and cannot consistently achieve WAAS navigation accuracies or integrity.  ILS provides deviations from a glide path only, does not provide positional information, does not support linear navigation, and, therefore, has very limited application (only on the final approach segment) for reducing aircraft separation requirements.  Broad-based WAAS equipage leads to more efficient airspace use, reducing exceptions and incompatibilities.

WAAS remedies flight management system inconsistencies and can meet more stringent aircraft separation requirements.  By today’s standards, a flight management system can achieve RNP 0.3, whereas WAAS has the performance to meet RNP 0.1 which makes it possible to implement terminal (and even en route) operations with very close aircraft horizontal separations.

6.
Reduces Avionics Costs and Complexity
WAAS is a single sensor solution that supports all levels of RNP (en route, terminal and approach through GLS category I precision approach) and does so throughout the WAAS service volume*.  This single sensor system is comparable in complexity and cost to GPS and has the effect of allowing all aircraft (general aviation, major airlines, cargo carriers, regional airlines, and vertical flight) that operate under Instrument Flight Rules (IFR) to operate to the same high standard.  This leads to more consistent, efficient operations and reduces controller workload and avionics costs.

When equipped with WAAS, general aviation aircraft require no other on-board navigation capability, substantially reducing the cost of their avionics.  The ability of WAAS to replace all VOR, DME, NDB, and Loran-C receivers with a single system that provides improved accuracy, supports RNP and free-flight operations, and has the potential to provide vertical guidance to virtually every runway end in the NAS, is not only a major cost savings benefit for the general aviation community, but is substantial operational benefit as well.  Reducing the different types of avionics also reduces training costs and improves standardization.

Commercial carriers are required to maintain backup navigation systems, but with WAAS can eliminate NDBs and redundant avionics such as dual DMEs and dual VORs.  WAAS also avoids some flight management system limitations (adds capability to fly LPV procedures, obviates cold-weather Baro-VNAV operational restrictions, and standardizes performance).  Currently, most commercial carriers have invested in flight management systems that integrate inputs from multiple sensors.  In general, these systems are certified for operations through LNAV/VNAV and are far more costly than a WAAS receiver that is certified for operations through GLS category I precision approach.  The FAA is integrating WAAS into a multi-mode receiver (MMR) to make WAAS consistent with commercial carrier avionics architectures**.

*The WAAS service volume at IOC covers most of CONUS and parts of Alaska.  At FOC, the WAAS service volume will cover all of CONUS and most of the Caribbean, Alaska, and parts of Mexico and Canada.  WAAS compatible systems are planned for other parts of the Western Hemisphere (e.g., Brazil) as well as Europe, India, and the Western Pacific.  When augmented with the European space-based navigation system (Galileo), highly accurate, satellite navigation will generally become available worldwide.

**Making WAAS an input to a flight management system (e.g., replacing the GPS input with a WAAS input) does little to facilitate the usefulness of WAAS to commercial carriers.  Typically, approach guidance from flight management systems is limited to LNAV/VNAV because flight management systems are not certified for precision approach (e.g., level C software vs. level B software).  In order for aircraft equipped with flight management systems to take full advantage of WAAS, WAAS needs to be implemented as a stand-alone system or integrated into an avionics architecture certified to provide precision approach guidance.  The multi-mode receiver provides this architecture.  With a multi-mode receiver, WAAS PVT can still be used by a flight management system for en route and terminal operations, but in the approach mode, WAAS deviations can be fed directly to the flight instruments in exactly the same way it is done for ILS.  Over time, flight management systems will be upgraded to WAAS standards paving the way for WAAS to become the backbone of commercial aviation.

7.
Reduces Cost to Maintain National Airspace System

Because WAAS can service all phases of flight from en route to GLS category I precision approach, other navigation aids are needed (1) only as a backup or (2) where Category II and III precision approach minimums are essential.  Since WAAS operations gracefully degrade to GPS, backup navigation aids are needed not for WAAS, but rather to protect against a GPS failure.  Over time, GPS will continue to be improved with additional frequencies and more power, and new satellite navigation systems will be commissioned (e.g., Galileo) which will further improve the robustness of spaced-based navigation.  As confidence grows in satellite-based navigation and most aircraft become WAAS equipped, the majority of the ground-based navigation aids that are now in use can be decommissioned.  For the foreseeable future, a Basic Backup Network (BBN) of ground based navigation aids will be retained.  The BBN is defined as a network of 614 VORs, DMEs, and VORTACs and enough Tactical Air Navigation (TACAN) systems to provide roughly single-system coverage across CONUS above 6,000 feet above ground level (AGL).

Beyond the direct savings that can be achieved through the reduction of ground-based navigation aids is the value of WAAS to the NAS modernization strategy.  WAAS plays an important role in NAS modernization and is a key technology for standardizing and improving the efficiency of NAS operations.  WAAS provides capabilities, services, and applications that are key components of a larger, highly complex system (e.g., RNP, free-flight, and ADS-B).  Without WAAS, future NAS efficiencies would be diminished.

Efficiency Benefits (En Route)

8.
Supports Free Flight

More than any other system, WAAS supports the FAA’s vision of increasing the efficiency of NAS operations by transitioning to a free flight environment where direct routing is the norm and air traffic routes are no longer constrained by ground-based navigation aids.  As noted under general efficiencies, WAAS can meet the most stringent RNP requirements with a high degree of accuracy, consistency, and repeatability and is affordable for all category aircraft thereby achieving the level of standardization needed for highly efficient free flight operations throughout the NAS.  Without WAAS, navigation performance will remain inconsistent and fragmented, enabling the FAA to achieve only partial free flight implementation.  In addition to deterring free flight, inconsistent, non-standardized performance hampers efficient airspace use and the ability to reduce air traffic control (ATC) workload.

Free flight also requires timing information for use in determining when and where an aircraft is expected to be as part of the flight planning, clearance, control, and conflict avoidance process.  WAAS is unparalleled in its ability to provide accurate timing information and to do so with no additional cost to the user.

For procedures that do not have particularly tight RNP requirements (<0.3), GPS can also support this benefit but lacks the accuracy, availability, and integrity afforded by WAAS.

9.
Expands Air Traffic Routes
Low altitude air traffic routes have an associated minimum reception altitude (MRA) above which ground-based navigation aid reception is assured.  Below the MRA, navigation guidance could be lost.  WAAS is not constrained by ground-based navigation aids since it generates navigational information using ranging information from space-based satellites.  As a result, MRAs do not pertain to WAAS.  Since WAAS does not have MRA restrictions, aircraft navigating with WAAS can use more altitudes than aircraft using ground-based navigation aids, thereby increasing air traffic capacity.  This is particularly valuable (1) to low performance general aviation aircraft and helicopters and (2) when flying at lower altitudes can avoid icing conditions.  Being able to assign lower altitudes to low performance aircraft with poor climb performance takes a burden off of the operator while freeing up higher altitudes for other aircraft.  Low altitude routing is a particular boon for helicopter operations since helicopters inherently prefer to fly at low altitudes.  There is a cost savings (1) to the operator and (2) through more efficient airspace use.

The FAA’s CAPSTONE program in Alaska is taking advantage of this and related benefits including:

-
Q route* minimum en route altitude reductions.

-
Implementing more efficient direct routing.

-
Increasing the number of runway ends with satellite navigation approaches.

-
Increasing the number of departure procedures.

For procedures that do not have particularly tight RNP requirements (<0.3), GPS can also support this benefit but lacks the accuracy, availability, and integrity afforded by WAAS.

*ICAO has assigned the prefix "Q" for use by the United States and Canada to identify domestic RNAV routes.  The initial implementation of the new RNAV routes requires Global Navigation Satellite System (GNSS) equipment (GPS or WAAS).  In general, aircraft approved for operations along Q routes must have a GPS capability and for any multi-sensor navigation system (e.g., flight management system) or RNP system, GPS or WAAS must be an active component of the aircraft's navigation solution while on the Q route.  Q routes are now being expanded to allow aircraft equipped with flight management systems to fly them using DME-DME navigation.

Efficiency Benefits (Terminal)
10.
Supports Advanced/Complex Terminal Operations
The ability to support complex procedures in the terminal area is a major WAAS benefit.  Advanced or complex terminal operations include multi-leg procedures with descents, turns, and descending turns.  ILS can only support straight-in procedures with degrading accuracy as the distance from the runway end increases.  The Microwave Landing System (MLS), with significant avionics modifications, can support complex procedures but, like ILS, MLS uses angular guidance and has a limited service volume.  WAAS can provide highly accurate lateral guidance anywhere within the WAAS service volume.  In addition, WAAS provides a highly accurate, high integrity PVT output for use by other on board navigators (e.g., flight management systems).  Complementing this benefit is WAAS affordability, making it available to virtually every aircraft capable of operating under Instrument Flight Rules (IFR).  Complex terminal procedures can be used to improve the efficiency of terminal operations; provide guided, thus safer, procedures; reduce controller workload and communications; provide more standardized, repeatable procedures; provide guidance to mitigate noise effects or to avoid environmentally sensitive areas; and to de-conflict airspace.  Many of these operations are addressed in more detail in subsequent paragraphs.

Advanced procedures flown with WAAS will meet the highest standards of accuracy and repeatability.  Most legacy flight management systems are simply not capable of flying these procedures.  The only way to realize the benefit of implementing these procedures is to have sufficient equipage (advanced flight management systems or WAAS) to ensure high usage levels.  Unless a majority of the aircraft is capable of flying the procedure, the procedure becomes a nuisance rather than a benefit.  WAAS provides the most direct, affordable means for achieving the requisite equipage.  Over time, with the decommissioning of ground-based navigation aids, WAAS will become the only viable way to fly these procedures.

11.
Expands Ability to Fly Guided Departures
WAAS can provide guidance for departures from any airport anywhere in the NAS.  This is not a unique benefit since aircraft equipped with flight management systems can also fly guided departures.  The benefit here is that WAAS makes this capability available to all aircraft leading to better airspace utilization, standardization, and reduced controller workload.  WAAS has the added benefit of achieving better navigation accuracies while providing more consistent performance than aircraft relying on ground-based navigation aids.  This benefit has particular significance to the vertical flight community since guided departures can be tailored to vertical flight operations expanding the use of simultaneous non-interfering procedures to and from any location on the airport surface or other location serving helicopter operations.

For procedures that do not have particularly tight RNP requirements (<0.3), GPS can also support this benefit but lacks the accuracy, availability, and integrity afforded by WAAS.

12.
Supports the Implementation of Air Routes to De-conflict Airspace

There are numerous examples where the traffic patterns at one airport conflict with the traffic patterns at another airport - Chicago’s O’Hare and Midway airports, New York’s LaGuardia and JFK airports, and the general aviation airport at Olive Grove, TN and Memphis International.  Invariably these conflicts arise because the existing navigation aids (e.g., ILS) only support straight-in approaches.  WAAS, with its extended accuracy and ability to support complex terminal procedures with short final approach segments can remedy the conflicting airspace by allowing the implementation of curved, descending procedures to, where necessary, short final approach segments.  As with many other WAAS benefits, the ability to fly these approaches is available to all WAAS equipped aircraft anywhere in the NAS.

In order to make complex procedures practical, a majority of the aircraft (general aviation and commercial) needs to be equipped to fly them.  WAAS provides the most direct, affordable means for achieving the requisite equipage.  Over time, with the decommissioning of ground-based navigation aids, WAAS will become the only viable way to fly these procedures.  As with many other benefits, broad-based WAAS equipage facilitates the implementation of procedures that, with limited equipage, are impractical.
For procedures that do not require vertical guidance or do not have particularly tight RNP requirements (<0.3), GPS can also support this benefit but lacks the accuracy, availability, and integrity afforded by WAAS.

13.
Supports Extended Arrival and Departure Procedures
This benefit derives from the inherent ability of WAAS to use linear and angular display guidance resulting in more flexibility in the application of Terminal Instrument Procedures (TERPS) criteria.  WAAS, using linear TERPS, can maintain tight navigation accuracies anywhere within the NAS, including extended distances from the airport.  The ability to support extended operations allows continuous procedures to be implemented that (1) commence at any distance from the runway and (2) provide seamless horizontal and vertical guidance from procedure commencement through touchdown without operator intervention.  Extended departure procedures provide a similar capability from liftoff to any desired location from the runway using any chosen route, so long as the aircraft remains within the NAS.

This capability reduces controller and pilot workload, reduces communication, allows procedures to be designed that make more efficient use of the NAS (airspace and time), supports gate-to-gate flight operations, and can achieve constant rate-of-descent approaches for extended distances.  When combined with the ability of WAAS to support multiple glide path angles and displaced thresholds, this capability can result in more efficient runway use and increased landing rates.

Extended arrival and departure procedures are intended to improve operational efficiency.  However, like most procedures, it is necessary for a majority of the aircraft operating in a given airspace to be able to use the procedures, otherwise the procedures, with their associated exception handling, become counterproductive.  High-end flight management systems are capable of flying these procedures (e.g., extended, guided arrivals with turns and constant rate descents).  However, most aircraft (including air carrier aircraft) in the NAS are not equipped to do so.  WAAS provides the most direct, affordable means for achieving the requisite equipage.  Over time, with the decommissioning of ground-based navigation aids, WAAS will become the only viable way to fly these procedures.

14.
Reduces Air Traffic Controller Workload in the Terminal Area
Due to the size of the WAAS service volume and its highly accurate navigation solution, many procedures requiring controller assigned headings and vectors to the Final Approach Segment (FAS) can be replaced with guided procedures (including descending turns).  These procedures, when flown by WAAS equipped aircraft, can reduce controller workload and communications while achieving accurate, repeatable performance.

Other avionics suites are effective in reducing air traffic controller workload but require the integration of multiple navigation inputs (VOR, DME, GPS, etc.) using a complex, expensive flight management system.  WAAS provides a more consistent single sensor solution, provides the associated integrity to guarantee the accuracy of that solution, and is not dependent on ground-based navigation aids.  Because there are several generations of flight management systems built by different manufacturers, flight management systems do not all have the same, fully standardized functionality.

For procedures that do not require vertical guidance or do not have particularly tight RNP requirements (<0.3), GPS can also support this benefit but lacks the accuracy, availability, and integrity afforded by WAAS.

Efficiency Benefits (Approach/Missed Approach)
15.
Supports GLS Category I Precision Approach Landing Operations Throughout the NAS
Unlike ILS that requires the operation of airport-specific ground-based navigation systems, WAAS will provide the navigation accuracy to support GLS category I precision approach landings at any airport and runway end within the NAS.  WAAS does this without the installation of any airport specific equipment.  By comparison, ILS requires a separate navigation system for each runway end.

This is a powerful WAAS benefit since it allows the implementation of GLS category I precision approaches and LPV approaches virtually anywhere within the WAAS service volume* without the need to install, calibrate, inspect, or maintain any hardware at the airport.  Since both LPV and GLS category I precision approaches use precision approach obstacle clearance surfaces, WAAS approaches result in reduced obstacle clearance requirements when compared to LNAV/VNAV or non-precision approaches.  WAAS can also fly existing LNAV/VNAV procedures and will be able to fly all emergent RNP procedures.

Since WAAS can service virtually all runway ends, there is a strong potential to increase aircraft throughput by bringing more runways into service or achieving lower minimums at in-service runways.  By increasing throughput, delays can be reduced or avoided resulting in more efficient NAS operations, increased revenue, and a reduction in lost passenger time.

This benefit is not restricted to runway ends.  Approach procedures can be designed and implemented to provide guided approaches to any location on the airport allowing the implementation of simultaneous non-interfering helicopter operations.  Nor is this capability limited to airports.  Procedures can be designed and implemented at hospitals, police stations, oil-drilling platforms, the White House, or any other place that uses aviation services.  This is a tremendous benefit for the helicopter community and the industries they support.

The ability of WAAS to implement precision approach service anywhere in the NAS has the potential (1) to expand commerce to smaller communities that currently do not have precision approach service and (2) to improve access where less than precision approach service currently exists.  Providing Category I service to all runway ends not only expands access, but offers increased service since service to runways with more geographic orientations can provide access under a wider range of environmental conditions.

There is another aspect to WAAS that is often overlooked.  Unlike ILS, VOR, DME, NDB, and Loran-C, WAAS requires no additional sole-use radio-frequency spectrum.  Freeing up much of the spectrum used for ground-based navigation aids could be an enormous financial benefit attributable to WAAS.

*The WAAS service volume at IOC covers most of CONUS and parts of Alaska.  At FOC, the WAAS service volume will cover all of CONUS and most of the Caribbean, Alaska, and parts of Mexico and Canada.  WAAS compatible systems are planned for other parts of the Western Hemisphere as well as Europe and the Western Pacific.  When augmented with the European space-based navigation system (Galileo), highly accurate, robust satellite navigation will generally become available worldwide.

16.
Expands Closely Spaced Parallel Runway Operations
The ability of WAAS to support very accurate linear and vertical guidance at extended distances from the runway makes it the best technology for expanding the use of closely spaced parallel runway operations.  ILS guidance is angular and can only meet WAAS horizontal and vertical accuracies near the runway threshold.  Angular display scalings can also result in a larger flight technical error than linear scalings as the distance from the runway increases.  The ability of WAAS to use both linear and angular scalings presents the opportunity to use linear scalings outside of the final approach fix (FAF), while seamlessly transitioning to angular scalings as the aircraft approaches the runway end.  Another way to achieve this capability is to use a flight management system outside of the FAF and then to switch to ILS as the aircraft approaches the final approach fix or final approach course.  This solution requires pilot intervention to transition from one system to the other and causes a discontinuous transition from linear to angular scaling.

This benefit primarily accrues to commercial aircraft operating into major, high-density airports with parallel runways.  The ability of WAAS to provide both linear and angular guidance allows it to be used at long distances from the runway with precision approach lateral accuracies.  This benefit, when combined with the ability of WAAS to use multiple glide-path angles can also bring additional runways into operation (see “Provides Capability to Implement Multiple, Segmented, or Variable Glide Paths” below).

17.
Adds Ability to Fly Guided Missed Approaches
In many cases, the missed approach is the constraint that limits the minimums that can be achieved on the approach itself.  This can occur for many reasons including terrain, obstacles, conflicting aircraft traffic patterns, special use airspace restrictions, and the like.  Most missed approaches require the aircraft to fly straight-ahead or to climb straight-ahead to a specified altitude before turning.  ILS, for example, provides guidance only along the runway centerline (i.e., straight-out).  When the aircraft is required to climb and turn, the turn is not guided which means extra lateral protection is needed to accommodate each pilot’s maneuvering technique.  With WAAS, very accurate navigational guidance (if necessary, even GLS category I precision approach lateral containment could be used) is available to provide the pilot a definitive departure path.  The departure path can be designed as needed to avoid obstacles, noise or environmentally sensitive areas, or to de-conflict airspace, thereby potentially allowing lower approach minimums.  WAAS has an added advantage in that the navigation source does not change; WAAS seamlessly transitions from approach guidance to missed approach guidance, requiring no pilot intervention.

It should be noted that missed approach paths generally require extra protection since the aircraft may be executing the missed approach for controllability reasons (e.g., engine out) and may have maneuverability restrictions.  Nevertheless, using WAAS guidance for missed approaches is a significant benefit.

The ability to fly guided missed approaches is a major WAAS benefit for all aviation communities flying into airports where obstacles or terrain complicate the missed approach airspace.  For airports where guided maneuvering on missed approach can avoid obstacles, WAAS has a decided advantage over other approach systems.  A flight management system can also provide missed approach guidance but requires switching navigation sources and does not provide WAAS levels of integrity, repeatability, and accuracy.  GPS can provide guidance for missed approach procedures for LNAV/VNAV approaches but also lacks the accuracy, availability, and integrity afforded by WAAS.

18.
Provides Capability to Implement Multiple, Segmented, or Variable Glide Paths
Since WAAS constructs its own virtual glide path, there are no restrictions on the number of glide paths that can be supported or how those glide paths are constructed.  This glide path flexibility can be used to mitigate wake turbulence and obstacles, adapt to different aircraft characteristics, support helicopter operations to any place within the NAS (special landing areas, hospitals, oil platforms, etc.), and in some cases bring additional runways into operation thereby increasing landing rates.  By comparison, ILS can only generate one straight-line glide path per installation.  WAAS makes this benefit available to all aircraft at all airports within the NAS with no installation, maintenance, or reconfiguration costs.

The glide path flexibility afforded by WAAS can be used to implement displaced thresholds, provide offset approaches, provide extended approaches, or provide multiple glide paths to the same runway end.  Even approaches that start out steep and gradually reduce the glide slope angle (or vice versa) can be implemented.  For example, when used with parallel runway operations, a high angle glide path with an offset threshold can increase landing rates by avoiding delays caused by wake turbulence from a parallel runway.

The use of multiple, segmented, or variable glide paths would normally occur at large, high density airports so the major recipient of this benefit is the air carrier community.  There could easily be exceptions where specially constructed glide paths could be used to avoid obstacles, de-conflict airspace, optimize helicopter approaches, or accommodate aircraft with unique flying characteristics (e.g., vertical take-off and landing aircraft).  This benefit is particularly valuable for the implementation of simultaneous, non-interfering approach procedures for vertical flight operations.

19.
Provides Capability to Change or Create Approach Procedures without Infrastructure Changes
The ability of WAAS to change or create approach procedures without infrastructure changes is possible because WAAS guidance is based on a virtual glide path generated in the WAAS receiver rather than a physical glide path generated from the ground.  Implementing or modifying ILS procedures (glide-slope or azimuth) requires physical system installations or changes.  This WAAS capability is also beneficial when temporary landing procedures are needed to accommodate airport construction or other disturbances.  Furthermore, WAAS eliminates the need for glide slope maintenance or calibration.  Note that before WAAS can use a new or modified procedure, the procedure must be active in the aircraft’s procedure database.

20.
Eliminates Airport Sensitive and Critical Areas Associated with ILS
Because WAAS is not sited at the airport and does not use a physical glide path, WAAS does not create critical areas like those associated with ILS.  For ILS, critical areas are caused when aircraft or objects interfere with the ILS signal structure resulting in unsteady, unstable, or misleading ILS guidance.  Since the ILS localizer is sited at the far end of the runway it creates areas where aircraft cannot taxi or fly when another aircraft is executing the ILS approach since they will interfere with the azimuth transmissions.  By eliminating critical areas, WAAS can greatly ease constraints on ground operations.  An associated WAAS attribute is the stability of the WAAS glide path.  ILS calibration can be problematic and its transmissions are easily disturbed resulting in fluctuations and dropouts.

This is a major benefit for air carriers who use large airports with multiple ILS equipped runways and extensive taxi routes.  Eliminating airport critical areas reduces delays and taxi time, provides more flexibility in taxiway use and hold-line placement, and prevents ILS anomalies when those critical areas are violated.  Note, that this benefit is only valid when the airport is using WAAS for Category I precision approach.  When ILS Category II or III precision approaches are needed, the critical areas will still be a factor.  In other words, WAAS can eliminate critical areas only when ILS is not in use.

21.
Supports Dynamic Turns
With WAAS it is possible to use variable turn initiation points or to dynamically initiate segments of a procedure, so long as the mechanics of the procedure do not change.  For example, many airports use traffic patterns known as “trombones” or “buffer boxes” to establish aircraft separation and to dynamically manage aircraft throughput.  As the aircraft arrival rate increases, the downwind leg is extended to accommodate more aircraft.  The air traffic controller then issues vector-to-final instructions at different points on the downwind leg depending on (1) the aircraft arrival rate and (2) the number of aircraft in the pattern at any point in time.  With WAAS, it is possible to replace the vectored procedure with a guided procedure, ensuring standardized turns, reduced controller workload, reduced aircraft-controller communication, and more efficient airspace use.  There are no restrictions on the procedure (i.e., it can have turns, descending turns, etc.) and it is even possible to have a variable turn point embedded in the middle of a procedure.  Figure 1 illustrates a buffer box approach pattern serving parallel runways.  Guided turns, which can be initiated dynamically at any location on the downwind leg, are used to guide the aircraft to the runway centerline where guidance is continued along the final approach course and onto the glide path to touchdown.
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Figure 1

22.
Reduces Approach Procedure Flight Inspection Requirements

Because a WAAS receiver uses WAAS PVT to generate a virtual course and glide path rather than ground-based navigation aid signals that require verification and calibration, WAAS flight inspection requirements are minimized.  For example, flight hours to commission a WAAS procedure are reduced approximately 90 percent compared to the flight hours required to commission an ILS.

Strategic Benefits

23.
Supports ADS-B
Since WAAS provides highly accurate positional information anywhere within the NAS, WAAS is ideally adapted to support applications like Automatic Dependent Surveillance-Broadcast (ADS-B) along with the associated Cockpit Display of Traffic Information (CDTI) which leads to improved situational awareness and a concurrent reduction in the potential for collision risk.  WAAS also supports the use of ADS-B for Advanced Surface Movement Guidance and Control Systems (ASMGCS).  WAAS (1) provides a path for more aircraft to equip with ADS-B and (2) can potentially improve the position information provided by aircraft currently equipped with ADS-B.

24.
Supports Surface Movement Applications

Surface navigation and situational awareness is an area that the FAA is striving to improve.  Airports are getting larger and surface operations are becoming increasingly congested with many areas out of the tower’s view.  Development projects for improving surface navigation and monitoring rely on the ability of the aircraft to broadcast extremely accurate positional information.  WAAS has a unique capability to support the implementation of these developments because it is universally available throughout the NAS and can provide exceptionally accurate position information.  At large, congested airports users will experience a safety benefit from improved surface navigation and situational awareness along with the potential for more efficient taxi operations.  The management of ground control operations will be improved for the FAA.
25.
Support Runway Incursion Avoidance Systems
The potential for accidents due to runway incursions is a growing concern within the FAA.  The FAA is developing systems to provide improved situational awareness for pilots and controllers to reduce the potential for runway incursions.  The extremely accurate WAAS PVT solution is the best candidate for providing positional information for these systems.  ILS does not generate PVT; it generates deviations to a straight-line localizer and glide path and cannot support this benefit.  This benefit will reduce the potential for accidents at large, multi-runway airports.  The FAA will benefit through an improved capability to prevent accidents.

26.
Supports U.S. Leadership in International Aviation

Through the WAAS program, the U.S. has been able to maintain worldwide leadership in establishing navigation and avionics standards for space based navigation programs, a tangible benefit not only for the U.S. government, but also for the American aviation and avionics industries.  Working with the international community through ICAO (International Civil Aviation Organization), the U.S. has been effective in establishing common Global Navigation Satellite System (GNSS) navigation system standards (Standards and Recommended Practices (SARPS)) for the development of space-based and ground-based augmentation systems (SBAS/GBAS).  These standards will benefit the U.S. and foreign aviation industries since a common set of satellite navigation avionics will work in the U.S., Europe, the Far East, or anywhere SBAS is employed, substantially reducing avionics, maintenance, and training costs.

Sustaining its role as the leader in steering the direction of international aviation is a major advantage to the U.S. government and the U.S. aviation industry.  Being the leader helps the U.S. tailor aviation systems and operations to benefit U.S. air traffic operations, users, and equipment manufacturers.

Appendix A

Acronym List

	AGL
	Above Ground Level

	ASMGCS
	Advanced Surface Movement Guidance and Control Systems

	ATC
	Air Traffic Control

	Baro-VNAV
	Navigation using barometric altitude for vertical guidance

	BBN
	Basic Backup Network

	Cat I
	Precision approach with minimums to 200/½

	Cat II
	Precision approach with minimums to 100/¼

	Cat III
	Precision approach with minimums to 0/0

	CDTI
	Cockpit Display of Traffic Information

	CFIT
	Controlled Flight Into Terrain

	CONUS
	Continental United States

	DME
	Distance Measuring Equipment

	EPU
	Estimated Position Uncertainty

	FAA
	Federal Aviation Administration

	FAF
	Final Approach Fix

	FAS
	Final Approach Segment

	FOC
	Full Operational Capability

	GBAS
	Ground Based Augmentation System (e.g., LAAS)

	GLS
	GNSS Landing System

	GNSS
	Global Navigation Satellite System

	GPS
	Global Positioning System

	ICAO
	International Civil Aviation Organization

	IFR
	Instrument Flight Rules

	INS
	Inertial Navigation System

	LAAS
	Local Area Augmentation System

	LNAV
	Lateral Navigation

	LNAV/VNAV
	Vertically guided approach not using precision approach criteria

	IOC
	Initial Operational Capability

	LORAN
	Long Range Navigation

	LPV
	Vertically guided approach using precision approach criteria

	MLS
	Microwave Landing System

	MMR
	Multi-Mode Receiver

	MRA
	Minimum Reception Altitude

	NAS
	National Airspace System

	NDB
	Non-Directional Beacon

	PVT
	Position, Velocity, Time

	R&D
	Research and Development

	RASS
	Remote Altimeter Setting Source

	RNAV
	Area Navigation

	RNP
	Required Navigation Performance

	SARPS
	Standards and Recommended Practices

	SBAS
	Spaced Based Augmentation System (e.g., WAAS)

	TACAN
	Tactical Air Navigation

	TAS
	True Air Speed

	TAWS
	Terrain Awareness and Warning System

	TERPS
	Terminal Instrument Procedures

	VNAV
	Vertical Navigation

	VOR
	VHF Omni-directional Range

	VORTAC
	Ground-based navigation aid combining VOR and TACAN

	WAAS
	Wide Area Augmentation System


Appendix B

Non-Aviation Benefits

WAAS, due to its ability to augment GPS and provide very accurate positioning information has become a national utility.  The WAAS signal was released for public use (non-safety of life uses only) in August 2000 and has enjoyed rapid acceptance with many transportation and civil users including marine, rail, and agriculture.  WAAS also has applications in the emergency, homeland defense, recreation, and surveying areas.  Because of its improved performance over standard GPS and other augmentation systems and its resulting significant benefit for all users, almost all new non-aviation GPS receivers being developed and sold have WAAS capability built in.  In the non-aviation sectors, there are currently nearly 3 million  WAAS users today and this represents only those receivers sold by one manufacturer.  There are close to a dozen other manufacturers of non-aviation GPS receivers making up 50% of the remaining receiver market.  Sales of their receivers could significantly increase the number of WAAS receivers in use today.

The following table lists some of the non-aviation benefits from WAAS

	AREA
	APPLICATION

	Agriculture

	WAAS can generate increased sales of low cost GPS/WAAS receivers and achieve savings through the precision application of chemicals, precision crop planting and harvesting, and reduced air and soil pollution.  Through 2003 increased sales due to low cost GPS/WAAS receivers for agricultural use have totaled $152 million. Through 2010 sales are projected to increase another $432 million.  Crop production savings and environmental benefits associated with precision farming have through 2003 provided $2.9 billion in savings to the agriculture community.  Another $11 billion are projected to occur in the next 10 years.

	Marine

	The Marine industry has over 2 million WAAS users today relying on low cost WAAS receivers.  The lower cost of these receivers compared to receivers needed for other GPS augmentation systems have increased sales totaling nearly $11 million through 2003.  Increased sales through 2010 are projected to reach nearly $54 million.

	Rail


	WAAS integrity and accuracy affords the railroad industry the ability to provide positive train control, for safe and efficient movement. Because of the lower cost of WAAS receivers compared to those needed for other GPS augmentation systems savings over the next 10 years in equipping locomotives with WAAS are projected to reach about $17 million.

	Homeland

Security
	WAAS affords the opportunity to use sensors as a mechanism for tracking high-risk items that could pose a thread to our Homeland Security.

	Location

Services
	WAAS can be used to improve the accuracy of Enhanced-911 systems that use GPS as the basis of determining a caller’s location.

	Land

	WAAS can increase the precision of earthquake and volcano warnings systems, and provides better precision for building, road, and bridge construction, and increases safety for recreational activities such as boating, hiking, fishing, and hunting.

	Increased timing accuracy 
	Timing accuracy for communications, computer networks and other time dependent technologies
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