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Executive Summary

Since 1999 the WAAS Test Team at the William J. Hughes Technical Center has reported GPS performance as
measured against the GPS Standard Positioning Service (SPS) Signal Specification. These quarterly reports are
known as the PAN (Performance Analysis Network) Report. In addition to that report, the WAAS Test Team
reports on the performance of the Wide-Area Augmentation System (WAAS). This report is the thirty-seventh such
WAAS quarterly report. This report covers WAAS performance during the period from April 1, 2011 to June 30,
2011.

The following table shows observations for accuracy and availability made during the reporting period for CONUS
and Alaska sites. The international sites are excluded from this table, but are included in the body of the report. See
the body of the report for additional results in accuracy, availability, safety index, range accuracy, WAAS broadcast
message rates and GEO ranging availability. Please note that the results in the table below are valid when the
Localizer Precision with Vertical Guidance (LPV) service is available. LPV service is available when the calculated
Horizontal Protection Level (HPL) is less than 40 meters and the Vertical Protection Level (VPL) is less than 50
meters. LPV 200 service is available when the calculated HPL is less than 40 meters and the VPL is less than 35
meters.

Parameter CONUS CONUS Alaska Alaska
Site/Maximum Site/Minimum Site/Maximum Site/Minimum
95% Horizontal Accuracy Grand Forks Denver Barrow Juneau
1.797 meters 0.527 meters 0.612 meters .708 meters
95% Vertical Accuracy Grand Forks Billings Kotzebue Juneau
2.2069 meters 0.822 meters 1.45 meters 1.094 meters
LPV
Availability Salt Lake City Grand Forks Bethel Barrow
(HPL <= 40 meters & 100% 99.87% 99.95% 99.86%
VPL <= 50 meters)
LPV 200
Availability Memphis Arcata Anchorage Cold Bay
(HPL <= 40 meters & 100% 98.64% 99.91% 93.49%
VPL < =35 meters)
95% HPL Oakland Memphis Cold Bay Fairbanks
15.22 meters 10.176 meters 26.137 meters 12.937 meters
95% VPL Oakland Memphis Cold Bay Juneau
27.127 meters 17.663 meters 34.859 meters 21.302 meters
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1.0 INTRODUCTION

The FAA began monitoring GPS SPS performance in order to ensure the safe and effective use of the satellite
navigation system in the National Airspace System (NAS). The Wide Area Augmentation System (WAAS) adds
more timely integrity monitoring of GPS and improves position accuracy and availability of GPS within the WAAS
coverage area.

Objectives of this report are:
a. To evaluate and monitor the ability of WAAS to augment GPS by characterizing important performance
parameters.
b. To analyze the effects of GPS satellite operation and maintenance, and ionospheric activity on the WAAS
performance.
c. To investigate any GPS and WAAS anomalies and determine their impact on potential users.
d. To archive performance of GPS and WAAS for future evaluations.

The WAAS data transmitted from Geostationary satellites (GEO) PRN#135 (CRW), PRN#138 (CRE) and PRN#133
(AMR) are used in the evaluation. CRE and CRW GEOs provide a precision approach (PA) ranging capability that
supports all levels of WAAS service. AMR GEO came into operational service on 11/11/2010 and is expected to
provide a non-precision approach (NPA) ranging service in the WAAS Follow On Release 3 upgrade to the WAAS
in early 2012

The terms "PA" and "NPA" are used in this report to refer to the two modes of user equipment operation. PA and
NPA are terms used in the original WAAS specification, FAA-E-2892. See Table 1-1 for a mapping of these terms
to the user service levels.

Receivers in PA mode are required to: use all WAAS corrections, use only corrected satellites, not mix corrections
from multiple GEOs, only use the designated Space Based Augmentation System (SBAS) for the published
approach procedure, and not use ranging from a GEO having a User Differential Range Error (UDRE) status of
greater than 15 meters. Receiver in NPA mode may: mix corrected and uncorrected satellites, mix corrections from
different GEOs or SBASs, use either the WAAS ionosphere corrections or the GPS Klobachar model for ionosphere
corrections, and use ranging from GEOs that have a UDRE status of greater than 15 meters. NPA mode receivers
may also operate using Fault Detection / Fault Detection Exclusion (FD/FDE) in the absence of a SBAS. The data
presented in this report does not take credit for the additional NPA mode availability and continuity provided by the
use of FD/FDE, whether full FD/FDE or partial FD/FDE used to allow the mixing of corrected and uncorrected
satellites. The NPA accuracy data presented in this report uses Klobachar ionosphere corrections in order to be
conservative.

The results in this report are based on the application of the WAAS corrections to receiver data from the WAAS
receiver network and receivers of the FAA's National Satellite Test Bed (NSTB) network and from analysis based
on the correction data broadcast by WAAS. Table 1.2 lists the receivers used in the PA analyses. Table 1.3 lists the
receivers used in the NPA analyses.

Table 1-1 WAAS Service Levels

User Service NPA or PA | WAAS Protection Levels
RNP 0.3 NPA HPL <= 0.3 nmi
RNP 0.1 NPA HPL <= 0.1 nmi
LNAV NPA HPL <= 556 m
LNAV/VNAV PA HPL <= 556 m
VPL <=50m
LP PA HPL <=40 m
LPV PA HPL <=40 m
VPL <=50m
LPV200 PA HPL <=40 m
VPL<=35m
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Table 1-2 PA Sites

July 2011

Number of Days Evaluated

Number of Samples

NSTB:

Arcata 85 7363472
Grand Forks 84 7284452
Oklahoma City 80 6941159
WAAS:

Albuquerque 91 7861955
Anchorage 91 7861510
Atlanta 91 7862197
Barrow 91 7843815
Bethel 91 7847215
Billings 91 7861717
Boston 91 7862201
Chicago 91 7862166
Cleveland 91 7862043
Cold Bay 91 7852255
Dallas 91 7861064
Denver 91 7861721
Fairbanks 91 7850357
Gander 91 7845852
Goose Bay 91 7840419
Houston 91 7861840
Igaluit 91 7846013
Jacksonville 91 7862184
Juneau 91 7843783
Kansas City 91 7861775
Kotzebue 91 7851252
Los Angeles 91 7861572
Memphis 91 7862185
Merida 91 7849961
Mexico City 91 7855960
Miami 91 7862104
Minneapolis 91 7862089
New York 91 7862051
Oakland 91 7859239
Puerto Vallarta 91 7842294
Salt Lake City 91 7861596
San Jose Del Cabo 91 7851496
Seattle 91 7861035
Tapachula 52 4493172
Washington DC 91 7862013
Winnipeg 91 7853378
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Table 1-3 NPA Sites

Location Number of Days Evaluated Number of Samples
Albuquerque 91 7858787
Anchorage 91 7858895
Atlanta 91 7859061
Barrow 91 7848279
Bethel 91 7851396
Billings 91 7858901
Boston 91 7859048
Cleveland 91 7859063
Cold Bay 91 7852475
Fairbanks 89 7686460
Gander 91 7849935
Honolulu 91 7858752
Houston 91 7859025
Igaluit 91 7843852
Juneau 91 7837223
Kansas City 91 7858729
Kotzebue 91 7854002
Los Angeles 91 7858966
Merida 91 7843720
Miami 91 7857172
Minneapolis 91 7858945
Oakland 91 7857244
Salt Lake City 91 7858967
San Jose Del Cabo 91 7850340
San Juan 91 7858991
Seattle 91 7853866
Tapachula 55 4754453
Washington DC 91 7857630

The report is divided in the performance categories listed below. This report also includes WAAS LPV and LPV
200 Service Availability at Selected Airports, WAAS Deterministic Code Noise and Multipath (CNMP) Bounding
Analysis, WAAS reference station survey validation and SQM type and PRN bias monitoring.

1. WAAS Position Accuracy

2. WAAS Operational Service Availability
3. Coverage

4. Integrity

5. WAAS Range Domain Accuracy

6. GEO Ranging Performance

Table 1.4 lists the performance parameters evaluated for the WAAS in this report. Please note that these are the
performance parameters associated with the WAASsystem. These requirements are extracted from the FAA
Specification FAA-E-2892C and FAA Specification FAA-E-2976, as applicable.
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Table 1-4 WAAS Performance Parameters

July 2011

Performance Parameter

Expected WAAS Performance

LPV Accuracy Horizontal

< 1.5m error 95% of the time

LPV Accuracy Vertical

< 2m error 95% of the time

LNAYV Accuracy Horizontal

< 36m error 95% of the time

Availability LPV CONUS

99% availability of 100% of CONUS

Availability LPV Alaska

95% availability of 75% of Alaska

Availability LNAV CONUS

99.99% availability with HPL < 556m

Availability LNAV Alaska

99.9% availability with HPL < 556m

Availability En route OCONUS

99.9% availability with HPL < 2nmi

Probability of Hazardously Misleading
Information (HMI)

< 10e-7 per approach

* Instantaneous availability (i.e. Availability is calculated every second.)

1.1 Event Summary

Table 1.5 lists test events that occurred during the reporting period that affected WAAS performance or the ability to
determine the WAAS performance. These events include GPS or WAAS anomalies, relevant receiver malfunctions,
and receiver maintenance conducted. Detailed analyses of particular events are documented in the Discrepancy
Reports (DR). The DRs are posted on the website http://www.nstb.tc.faa.gov under ‘WAAS Technical Reports’ and
can also be accessed via hyperlink from Table 1.5 below.

Table 1.6 lists events related to WAAS upgrades that happened this quarter. Table 1.7 lists events related to GUS
switchovers. A GUS switchover is the transition from one uplink site to the other uplink site for a GEO. The
switchovers result in an approximately 14 second gap in data and require the users to reacquire the set of corrections
from that GEO. Re-collecting the set of corrections can take up to 5 minutes depending on where the switch occurs
in the 5 minute ionosphere corrections update cycle.

Table 1-5 Test Events

Start End Location/ Service Affected Event Description
Date Date Satellite
04/02/11 04/03/11 | Washington D.C. LPV_CONUS, High Kp activity in upper & mid latitudes
(CnV), LPV_Alaska, caused GIVE monitor trips affecting LPV
Los Angeles LPV_Canada, and LPV200 coverage in CONUS, Alaska
(CnV), LPV200_CONUS, | and Canada.
Atlanta (CnV) LPV200_Alaska,
LPV200 Canada
04/05/11 04/05/11 | PRN18 LPV_CONUS, Satellite Maneuver. NANU 2011028
LPV_Alaska,
LPV_Canada,
LPV200_CONUS,
LPV200_Alaska,
LPV200 Canada
04/06/11 04/06/11 | Washington D.C. CONUS, Alaska, Kp activity
(CnV), Los Canada
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Start End Location/ Service Affected Event Description
Date Date Satellite
Angeles (CnV),
Atlanta (CnV)
04/10/11 04/12/11 | PRN26 CONUS, Alaska, NANU 2011030
Canada, Mexico
04/12/11 04/12/11 | Washington D.C. Alaska Elevated GIVE values caused reduced
(CnV), Los Alaska coverage.
Angeles (CnV),
Atlanta (CnV)
04/12/11 04/12/11 | GEO135, Littleton | Alaska GUS switchover, LTN faulted, TOW
(APA) 255165-255178
04/12/11 04/12/11 | Washington D.C. Alaska Raytheon WAAS Shadow improved
(CnV), Los Alaska coverage. LPV 99% availability
Angeles (CnV), was increased from 3.8% to 97.8%.
Atlanta (CnV) LPV200 99% availability was increased
from 0.6 % to 70.1%.
04/13/11 04/13/11 | PRN135 LPV200_Alaska TOW 335159-339026 (14-15).
04/20/11 04/20/11 | Miami (ZMA1), LPV_CONUS, There were unexpected LPV and LPV200
Miami (ZMA2), LPV200_CONUS | outages in Miami. The outage occurred
Miami (ZMA3) from 324146 (18:02:11) to 324729
(18:11:54) for LPV and from 324010
(17:59:55) to 325437 (18:23:42) for
LPV200 due to elevated UDREs on
PRN12 (52% avail) and PRN25 (51%
avail). Higher than usual IGP GIVE
values. Max Kp index was 5.
04/21/11 04/21/11 | PRN29 LPV_Alaska, NANU 2011033
LPV200_Alaska
04/25/11 04/25/11 | GEO135, NAPA Alaska GUS switchover, Napa faulted TOW
(APC) 154721-154733.
04/29/11 04/29/11 | Washington D.C. LPV200_Alaska Elevated GIVE values in most of Alaska
(CnV), Los degraded Alaska LPV200 coverage.
Angeles (CnV),
Atlanta (CnV)
04/30/11 04/30/11 | Washington D.C. LPV200_ CONUS | LPV200 outage in southern Florida. Kp
(CnV), Los index of 5.
Angeles (CnV),
Atlanta (CnV)
04/30/11 04/30/11 | GEO138, Brewster | LPV200_Alaska GUS manual switchover, Brewster to
(BRE-B) Woodbine TOW 547241-547245.
05/01/11 05/01/11 | GEO138, LPV200_ Alaska M&C crash, manual GUS switchover
Woodbine (QWE) QWE to BRE TOW 72077-72081.
05/02/11 05/02/11 | Fairbanks (FAIl), | Local Ionospheric scintillation reduced number
Fairbanks (FAI2), of satellites tracked causing high HPE.
Fairbanks (FAI3), Receivers lost 4 to 5 satellites.
Kotzebue (OTZ1),
Kotzebue (OTZ2),
Kotzebue (0OTZ3)
05/03/11 05/03/11 | GEO138, Brewster | LPV200_ Alaska Manual GUS switchover, Brewster to

(BRE-B)

Woodbine. TOW 201637-201641.
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Start End Location/ Service Affected Event Description
Date Date Satellite
05/05/11 05/05/11 | PRN23 LPV_Alaska, NANU 2011038
LPV200 Alaska
05/07/11 05/10/11 | PRN10 LPV_CONUS, NANU 2011041
LPV_Alaska,
LPV200 CONUS,
LPV200 Alaska
05/08/11 05/08/11 | GEO135, Littleton | Alaska GUS manual switchover, Littleton to
(APA) Napa TOW 28909-28913.

05/13/11 08/16/11 | PRN30 None SVN30/PRN30 was set UNUSUFN and
eventually decommissioned.
SVN35/PRN30 was set to usable on
August 16 2011.

The following NANUS reference this
event: 2011042, 2011055, 2011057,
2011061, 2011062
05/22/11 05/23/11 | GEO135, NAPA Alaska GUS manual switchover, Napa to
(APC) Littleton TOW 28820-28824. Rolled
over to next day.

05/25/11 Tapachula Local Tapachula reference station went out of
service on 5/25/11 due to a lightning
strike that damaged communication
equipment. As of the end of the quarter
Tapachula is still out of service.

05/26/11 05/26/11 | GEO135, Littleton | Alaska, GUS switchover - Littleton faulted TOW

(APA) LPV200_CONUS | 414592-414606.
Unexpected LPV200 outage on East
Coast from 21:47 GMT to around 21:59
GMT. At that time VDOP was above 3
due to PRN30 outage (NANU 2011042)
and PRN135 not in PA mode due to GUS
switchover. This resulted in elevation of
VPL.

05/28/11 05/29/11 | Washington D.C. Alaska, Canada Geomagnetic activity with Kp of 6
(CnV), Los affected Alaska and Canada.
Angeles (CnV),
Atlanta (CnV)
05/31/11 05/31/11 LPV200_Alaska Elevated GIVE values caused an increase
in protection levels and a decrease in
LPV200 coverage in Alaska to 80% at
99% availability.
06/05/11 06/05/11 | Washington D.C. CONUS, Canada Geomagnetic activity with Kp of 6
(CnV), Los affected CONUS and Canada. See DR
Angeles (CnV), 102 WAAS Reaction to Tono Activity
Atlanta (CnV) June 5 2011.

06/11/11 06/11/11 | GEO135, NAPA Alaska GUS switchover, Napa faulted. TOW

(APC)

582368-582381.
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Start End Location/ Service Affected Event Description
Date Date Satellite
06/13/11 06/13/11 | GEO135, Littleton | Alaska, GUS switchover, Littleton faulted, TOW
(APA) LPV200_CONUS 129542-129558.
06/13/11 06/13/11 | PRN138 LPV200_ CONUS | TOW 122896-137377 (14-15),
06/15/11 06/15/11 | Atlanta (CnV), LPV200_CONUS | PRN135 and PRN138 suffered 2 SV
PRN135, PRN138 alerts bumping their UDREis from 10 to
11 for 1 second followed by GUS
switchover causing a drop in coverage.
06/24/11 06/24/11 | Washington D.C. LPV_Mexico, SV Glitches on PRN 21 elevated UDREi
(CnV), Los LPV200 _CONUS, | to 12 causing an increased in protection
Angeles (CnV), LPV200 Mexico level.
Atlanta (CnV),
PRN21
06/28/11 06/28/11 | GEO135 Alaska, Com upgrades at Napa. GUS manual
LPV200_CONUS | switchover, Napa to Littleton TOW
201621-201625.
06/29/11 06/29/11 | GEO138, Brewster | Canada, GUS manual switchover, Brewster to
(BRE-B) LPV200_Alaska Woodbine. Com upgrades. TOW
302460-302464.
06/29/11 06/29/11 | Washington D.C. LPV200 CONUS, | SV Alert on PRN 32. Affected LPV200
(CnV), Los LPV200 Mexico at Oakland and Mexico sites.
Angeles (CnV),
Atlanta (CnV),
PRN32
Table 1-6 WAAS Upgrades
Start Date End Date Event Description
6/15/11 6/15/11 Software upgrade at ZTL, ZDC and ZLA C&Vs to Release
6.077L
Table 1-7 GUS Switchovers
Start End GUS Location/ Service Even Description
Date Date Switch Satellite Affected
04/12/11 04/12/11 Faulted GEO135, Alaska Gus switchover, LTN faulted TOW
Littleton (APA) 255165-255178
04/13/11 04/13/11 Faulted GEO133, Santa None GUS switchover, SZP faulted AMR
Paula (SZP) Faulted TOW 333678-333694
04/13/11 04/13/11 Manual GEO133, None Manual GUS switchover, HDH to SZP
Pamalu (HDH) To put Santa Paula back into Primary and
prepare for configuration testing the
following day. TOW 340248-340263.

Report 37




WAAS Performance Analysis Report

July 2011

Start End GUS Location/ Service Even Description
Date Date Switch Satellite Affected
04/14/11 04/14/11 Manual GEO133, Santa None Manual GUS switchover - SZP to HDH
Paula (SZP) AMR Testing TOW 347663-347668.
04/14/11 04/14/11 Manual GEO133, None Manual GUS switchover - HDH to SZP
Pamalu (HDH) AMR Testing to bring Santa Paula back
to Primary. TOW 352531-352536
04/25/11 04/25/11 Faulted | GEO135, NAPA Alaska GUS switchover, Napa faulted TOW
(APC) 154721-154733
04/30/11 04/30/11 Manual GEO138, LPV200_ | GUS manual switchover, Brewster to
Brewster Alaska Woodbine TOW 547241-547245
(BRE-B)
05/01/11 05/01/11 Manual GEO138, LPV200_ | M&C crash, manual GUS switchover
Woodbine Alaska QWE to BRE TOW 72077-72081
(QWE)
05/03/11 05/03/11 Manual GEO138, LPV200 | Manual GUS switchover, Brewster to
Brewster (BRE- Alaska Woodbine. TOW 201637-201641
B)
05/08/11 05/08/11 Manual GEO135, Alaska GUS manual switchover, Littleton to
Littleton (APA) Napa TOW 28909-28913
05/17/11 05/17/11 Manual GEO138, None TOW 201644-201648
Woodbine
(QWE)
05/19/11 05/19/11 Manual GEO133, Santa None GUS switchover, SZP faulted. TOW
Paula (SZP) 391675-391691
05/22/11 05/23/11 Manual | GEO135, NAPA Alaska GUS manual switchover, Napa to
(APC) Littleton TOW 28820-28824. Rolled
over to day 1
05/26/11 05/26/11 Faulted GEO135, Alaska, GUS switchover - Littleton faulted TOW
Littleton (APA) | LPV200 | 414592-414606
CONUS
Unexpected LPV200 outage on East
Coast from 21:47 GMT to around 21:59
GMT. At that time VDOP was above 3
due to PRN30 out (NANU 2011042), and
PRN135 was not in PA mode due to GUS
switchover. All that caused slight
elevation of VPL.
06/11/11 06/11/11 | Faulted | GEO135, NAPA Alaska | GUS switchover, Napa faulted. TOW
(APC) 582368-582381
06/13/11 06/13/11 Manual GEO133, None GUS Manual switchover, HDH to SZP
Pamalu (HDH) TOW 115214-115219
06/13/11 06/13/11 Faulted GEO135, Alaska, GUS switchover, Littleton faulted TOW
Littleton (APA) | LPV200 | 129542-129558
CONUS
06/16/11 06/16/11 Faulted GEO133, None GUS switchover, HDH faulted. HDH -
Pamalu (HDH) RFU Equipment Uplink Fault. TOW
394111-394127
06/16/11 06/16/11 Faulted GEOI133, None GUS switchover, HDH faulted (RFU
Pamalu (HDH) fault) TOW 427871-427887
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Start End GUS Location/ Service Even Description
Date Date Switch Satellite Affected
06/16/11 06/16/11 Manual GEO133, Santa None SZP Low L1 and L5 C/NO. After C&V
Paula (SZP) missed 8 messages, it commanded SZP to

backup and HDH to primary. GUS
manual switchover, SZP to HDH TOW
387103-387122

06/19/11 06/19/11 Manual GEOI138, None GUS manual switchover, Brewster to
Brewster (BRE- Woodbine TOW 28735-28739
B)
06/21/11 06/21/11 Manual GEO138, None GUS manual switchover, Woodbine to
Woodbine Brewster TOW 201694-201698
(QWE)
06/28/11 06/28/11 | Manual GEO135 Alaska, | Comm upgrades at Napa. GUS manual

LPV200 | switchover, Napa to Littleton TOW
CONUS | 201621-201625

06/29/11 06/29/11 Manual GEO138, Canada, | GUS manual switchover, Brewster to
Brewster (BRE- | LPV200 | Woodbine. Comm upgrades. TOW
B) Alaska 302460-302464
1.2 Report Overview

Section 2 provides the vertical and horizontal position accuracies from data collected, on a daily basis, at one-second
intervals. The 95% accuracy index and the maximum accuracy for the reporting period are tabulated. The daily 95%
accuracy index is plotted graphically for each receiver. Histograms of the vertical and horizontal error distribution
are provided for the combined WAAS receiver locations (see Table 1-2) within the WAAS service area.

Section 3 summarizes the WAAS instantaneous availability performance, at each receiver, for three operational
service levels during the reporting period. Daily availability is also plotted for each receiver evaluated. The number

of outages and outage rate for each site is reported.

Section 4 provides the percent of coverage provided by WAAS on a daily basis. Quarterly roll-up graphs presented
indicate the portions of service volume covered, and the percentage of time that WAAS was available.

Section 5 summarizes the number of HMI events detected during the reporting period and presents a safety margin
index for each receiver. The safety margin index reflects the amount of over bounding of position error by WAAS
protection levels. This section also includes update rates of WAAS messages transmitted from CRE, CRW, and
AMR.

Section 6 provides the UDRE and GIVE bounding percentage and the 95% index of the range and ionospheric
accuracy for each satellite tracked by the WAAS receiver at 12 locations.

Section 7 provides the GEO ranging performance for CRE and CRW.

Section 8 summarizes WAAS anomalies and problems identified during the reporting period, which adversely affect
WAAS performance described in Table 1.3.

Section 9 provides WAAS LPV availability and outages at selected airports.

Section 10 provides the assessment of WAAS CNMP bounding for the 114 WAAS receivers.
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Section 11 provides the surveyed positions of all WREs and the difference between the WRE survey positions in the
current operational software and the survey positions in this report.

Section 12 provides the daily and quarterly average of SQM PRN type biases and PRN biases.

2.0 WAAS POSITION ACCURACY

Navigation error data, collected from WAAS and NSTB reference stations, was processed to determine position
accuracy at each location. This was accomplished by utilizing the GPS/WAAS position solution tool to compute a
RTCA DO-229D weighted least squares user navigation solution, and WAAS horizontal and vertical protection
levels (HPL & VPL), once every second. The user position calculated for each receiver was compared to the
surveyed position of the antenna to assess position error associated with the WAAS SIS over time. The position
errors were analyzed and statistics were generated for three operational service levels: WAAS LPV, WAAS LPV
200, and WAAS LNAV/VNAYV, as shown in Table 2.1. For this evaluation, the WAAS operational service level is
considered available at a given time and location, if the computed WAAS HPL and VPL are within the horizontal
and vertical alarm limits (HAL & VAL) specified in Table 2.1.

Table 2-1 Operational Service Levels

WAAS Operational Service Horizontal Alert Limit Vertical Alert Limit
Levels HAL (meters) VAL (meters)
LPV (LOC/VNAV) 40 50
LNAV/VNAV 556 50

LPV 200 40 35

Table 2.2 shows PA horizontal and vertical position accuracy maintained for 95% of the time at LPV and
LNAV/VNAYV operational service levels for the quarter. The table also includes 95% SPS accuracy for certain
locations. Figures 2.1 to 2.6 show the daily horizontal and vertical 95% accuracy for LPV operational service level
for the period. Note that WAAS accuracy statistics presented are compiled only when all WAAS corrections (fast,
long term, and ionospheric) for at least 4 satellites are available. This is referred to as PA navigation mode. The
percentage of time that PA navigation mode was supported by WAAS at each receiver is also shown in Table 2.2. A
user is considered to be in NPA navigation mode if only WAAS fast and long term corrections are available to a
user (i.e. no ionospheric corrections). Table 2.3 shows NPA horizontal position accuracy for 95% and 99.999% of
the time. This table also shows the maximum NPA horizontal position error for the quarter. Figures 2.7 to 2.8 show
the daily horizontal 95% accuracy for NPA.

During this reporting period, the maximum 95% CONUS horizontal and vertical LPV errors are 1.797 meters and
2.206 meters both at Grand Forks, respectively. The minimum 95% CONUS horizontal and vertical LPV errors are
0.527 meters at Denver and 0.822 meters at Billings, respectively. The maximum 95% and 99.999% NPA
horizontal errors are 4.442 meters and 11.026 meters, both at Honolulu, respectively. The minimum 95% and
99.999% horizontal errors are 1.201 meters at Salt Lake City and 2.912 meters at Seattle, respectively. Grand Forks
95% LPV accuracy shows improvement beginning 4/11/11 after the reference station was reset.

Table 2.4 shows the maximum horizontal and vertical position errors while the calculated HPL and VPL met the
LPV service levels. The column marked ‘Horizontal (or Vertical) Error/HPL (or VPL)’ is the ratio of position error
to protection level at the time the maximum error occurred. The column marked ‘Horizontal (or Vertical) Maximum
Ratio’ is the maximum position error to protection level ratio for the quarter. High vertical error at Iqaluit was due to
ionopheric activity.

Figures 2.9 to 2.12 show the distributions of the vertical and horizontal errors at all 38 WAAS receiver locations
combined in triangle charts and 2-D histogram plots for the quarter. The triangle charts in Figure 2.9 and 2.10 show
the distributions of vertical position errors (VPE) versus vertical protection levels (VPL) and horizontal position
errors (HPE) versus horizontal protection levels (HPL). The horizontal axis is the position error and the vertical axis
is the WAAS protection levels. Lower protection levels equate to better availability. The diagonal line shows the
point where error equals protection level. Above and to the left of the diagonal line in the chart, errors are bounded
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(WAAS is providing integrity in the position domain); below and to the right, errors are not bounded (HMI could be
present). The 2-D histogram plots in Figure 2.11 and 2.12 show the distributions of vertical and horizontal position
errors and normalized position errors. The blue trace shows the distributions of the actual vertical and horizontal
errors. The horizontal axis is the position errors and the vertical axis is the total count of data samples (log scale) in
each 0.1-meter bin. The magenta trace show the distributions of the actual vertical and horizontal errors normalized
by one-sigma value of the protection level; vertical - (VPL/5.33) and horizontal - (HPL/6.0). The horizontal axis is
the standard units and vertical axis is the observed distribution of normalized errors data samples in each 0.1-sigma
bin. Narrowness of the normalized error distributions shows very good observed safety performance.
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Table 2-2 PA 95% Horizontal and Vertical Accuracy

July 2011

Horizontal Horizontal Vertical Percentage Acfll;lilcy
Location (HAL=40m) (HAL=556m) (VAL=50m) in PA mode 95% 95%
(Meters) (Meters) (Meters) (%) Horizontal Vertical
(Meters) (Meters)

Arcata 1.291 1.291 1.824 100 * *
Grand Forks 1.797 1.798 2.069 100 * *
Oklahoma City 0.742 0.742 1.354 100 * *
Albuquerque 0.599 0.599 1.258 100 2.51 3.797
Anchorage 0.639 0.640 1.277 100 * *
Atlanta 0.591 0.591 1.167 100 2.442 3.869
Barrow 0.612 0.613 1.433 99.96957 * *
Bethel 0.572 0.573 1.153 100 2.468 3.667
Billings 0.815 0.815 0.822 100 2.038 3.512
Boston 0.719 0.719 1.040 100 2.126 3.479
Chicago 0.811 0.812 0.914 100 * *
Cleveland 0.642 0.642 0.955 100 1.971 3.544
Cold Bay 0.703 0.703 1.158 100 * *
Dallas 0.587 0.587 1.488 100 * *
Denver 0.527 0.527 0.934 100 * *
Fairbanks 0.628 0.628 1.354 99.99842 2.781 3.521
Gander 0.842 0.844 1.309 100 * *
Goose Bay 0.747 0.758 1.077 100 * *
Houston 0.689 0.689 1.606 100 3.057 4.093
Iqaluit 0.824 0.835 1.448 100 * *
Jacksonville 0.602 0.602 1.497 100 * *
Juneau 0.708 0.708 1.094 100 * *
Kansas City 0.605 0.605 0.870 100 2.037 3.756
Kotzebue 0.692 0.693 1.450 99.96961 2.728 3.585
Los Angeles 0.816 0.816 1.596 100 2.997 4.091
Memphis 0.573 0.573 1.102 100 * *
Merida 0.716 0.717 1.821 100 * *
Mexico City 0.796 0.796 2.479 99.99855 * *
Miami 0.809 0.810 1.604 100 3.336 4.398
Minneapolis 0.700 0.701 0.849 100 1.958 3.485
New York 0.749 0.749 0.968 100 * *
Oakland 0.740 0.740 1.600 100 2.852 4.109
Puerto Vallarta 0.925 0.925 2.520 99.99950 * *
Salt Lake City 0.637 0.637 0.928 100 2.204 3.799
San Jose Del Cabo 0.890 0.890 2.495 100 * *
Seattle 0.836 0.836 1.025 100 2.077 3.621
Tapachula 1.109 1.113 2.504 99.99450 * *
Washington DC 0.679 0.679 0.974 100 2.149 3.798
Winnipeg 0.645 0.647 1.008 100 * *

* = SPS Data not processed.
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Table 2-3 NPA 95% and 99.999% Horizontal Accuracy
Location 95% 99.999% Percentage in Maximum
Horizontal Horizontal NPA mode Horizontal
(meters) (meters) (%) Error
Albuquerque 1.546 3.704 100 3.906
Anchorage 2.271 4.181 100 4.266
Atlanta 1.604 4.106 100 4.272
Barrow 2.326 3.855 99.992 3.970
Bethel 2.027 3.728 100 3.940
Billings 1.593 3.817 100 4.048
Boston 1.485 4.019 100 4.152
Cleveland 1.302 5.070 100 5.598
Cold Bay 1.580 3.444 100 3.674
Fairbanks 2.620 4.703 100 21.369
Gander 1.637 4.323 100 4.435
Honolulu 4.442 11.026 100 11.217
Houston 2.430 5.078 100 5.637
Igaluit 1.984 4.459 100 4.662
Juneau 2.055 3.476 100 3.774
Kansas City 1.359 3.057 100 4.542
Kotzebue 2.389 4.417 99.992 4.553
Los Angeles 2.159 5.214 100 5.423
Merida 3.091 7.330 100 7.571
Miami 2.586 5.994 100 6.146
Minneapolis 1.448 5.546 100 5.711
Oakland 1.677 4.567 100 4.699
Salt Lake City 1.201 3.708 100 3.999
San Jose Del Cabo 3.352 7.652 100 7.839
San Juan 2.673 8.452 100 8.723
Seattle 1.304 2.912 100 3.135
Tapachula 3.730 9.270 100 9.539
Washington DC 1.481 3.785 100 3.971
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Table 2-4 Maximum LPV Error Statistics
Horizontal Horizontal Horizontal Vertical Vertical Vertical
Location Error (m) Error/HPL Maximum Error (m) Error/VPL Maximum
Ratio Ratio
Arcata 3.214 0.243 0.243 7.134 0.150 0.219
Grand Forks 4.146 0.263 0.380 6.440 0.308 0.362
Oklahoma City 2.707 0.104 0.201 3.936 0.160 0.213
Albuquerque 2.337 0.061 0.175 2.758 0.135 0.179
Anchorage 2.840 0.137 0.184 5.462 0.254 0.254
Atlanta 2.071 0.243 0.243 3.829 0.180 0.225
Barrow 3.588 0.203 0.203 5.608 0.223 0.223
Bethel 2.891 0.193 0.194 4.307 0.171 0.186
Billings 1.865 0.070 0.169 5.294 0.124 0.178
Boston 1.892 0.175 0.177 2.687 0.146 0.146
Chicago 3.310 0.101 0.234 4.727 0.141 0.173
Cleveland 3314 0.200 0.200 5.347 0.226 0.226
Cold Bay 2.668 0.147 0.148 3.295 0.094 0.145
Dallas 1.437 0.137 0.159 3.559 0.145 0.216
Denver 2.672 0.075 0.205 3.496 0.152 0.203
Fairbanks 2.861 0.184 0.184 10.906 0.271 0.271
Gander 2.683 0.132 0.135 5.109 0.148 0.148
Goose Bay 3912 0.138 0.192 4.208 0.105 0.174
Houston 1.815 0.196 0.215 3.348 0.236 0.236
Iqaluit 3.224 0.088 0.161 7.453 0.214 0.217
Jacksonville 1.554 0.145 0.168 3.850 0.166 0.216
Juneau 2.406 0.183 0.194 3.713 0.136 0.198
Kansas City 2.523 0.094 0.167 4.088 0.082 0.190
Kotzebue 4.447 0.306 0.306 5277 0.140 0.200
Los Angeles 1.696 0.082 0.146 3972 0.158 0.182
Memphis 1.998 0.237 0.238 3.572 0.110 0.184
Merida 2.100 0.054 0.165 4.404 0.147 0.197
Mexico City 4.290 0.231 0.231 5.717 0.170 0.226
Miami 1.890 0.158 0.184 3.847 0.135 0.167
Minneapolis 3.893 0.119 0.238 5.155 0.197 0.202
New York 1.909 0.156 0.174 2.318 0.130 0.152
Oakland 1.943 0.189 0.189 3.831 0.136 0.183
Puerto Vallarta 3.816 0.205 0.205 5.564 0.225 0.237
Salt Lake City 2.442 0.212 0.216 2.877 0.121 0.194
San Jose Del Cabo 2.394 0.140 0.154 5.048 0.165 0.218
San Juan 5.333 0.133 0.133 10.477 0.275 0.275
Seattle 2.322 0.136 0.188 3422 0.166 0.181
Tapachula 4.153 0.141 0.186 6.754 0.154 0.176
Washington DC 1.854 0.146 0.151 2.914 0.091 0.169
Winnipeg 3.290 0.215 0.291 3.808 0.140 0.188
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Figure 2-1 LPV 95% Horizontal Accuracy
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Figure 2-3 LPV 95% Horizontal Accuracy
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Figure 2-4 LPV 95% Vertical Accuracy
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Los Angeles —o—
Seattle —o—

Error (meters)
w
I
|

1
O L I L I L I L I L I L I L
04/09/11 04/23/11 05/07/11 05/21/11 06/04/11 06/18/11
6 T I T I T I T I T I T I T .
Salt Lake City —e—
Oakland —e—
5 —

Error (meters)
w
I
|

1 I 1 I 1 I 1 I 1 I 1 I 1
0
04/09/11 04/23/11 05/07/11 05/21/11 06/04/11 06/18/11

Kansas City —e—
Albuquerque —e&—
5 — Memphis —e&—
Denver —e—

Error (meters)
w
I
|

04/09/11 04/23/11 05/07/11 05/21/11 06/04/11 06/18/11

Atlanta —e—
Boston —e—
5F — Washington DC —e—
New York —e—

Error (meters)
w
I
|

04/09/11 04/23/11 05/07/11 05/21/11 06/04/11 06/18/11

Report 37 18



WAAS Performance Analysis Report

Figure 2-5 LPV 95% Vertical Accuracy
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Figure 2-6 LPV 95% Vertical Accuracy
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Figure 2-7 NPA 95% Horizontal Accuracy
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Figure 2-8 NPA 95% Horizontal Accuracy
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WAAS Performance Analysis Report Figure 2-9 LPV Horizontal Error Bounding Triangle Chart
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WAAS Performance Analysis Report Figure 2-10 LPV Vertical Error Bounding Triangle Chart

Report 37

(m)

VPL

2nd Qtr 2011 WAAS LPV Vertical Position Error (VPE) vs VPL 2D Distribution

0 | | | | |

0 2 4 6 8 10 12
95% Error (m)  99% Error (m) vertical Position Error (m) Total Samples (sec)
1.6 2.3 279098528

0
10exp(N)

July 2011

24



WAAS Performance Analysis Report

Report 37

Sample Count

Figure 2-11 LPV 2-D Horizontal Error Distribution Histogram

2nd Qtr 2011 WAAS LPV Horizontal Position Error (HPE) Distribution
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WAAS Performance Analysis Report Figure 2-12 LPV 2-D Vertical Error Distribution Histogram July 2011
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3.0 AVAILABILITY

The WAAS availability evaluation documents the percentage of time that the WAAS provided service for the
operational service levels (LPV and LPV 200) defined in Table 2.1. RTCA DO-229D Vertical and Horizontal
Protection Levels were computed for each receiver being evaluated. Table 3.1 shows the protection levels that were
maintained for 95% of the time for each receiver location for the quarter. The table also included the percentage in
PA mode as described in section 2.0.

Availability LPV and LPV 200 service is evaluated by monitoring the WAAS protection levels at receiver locations
throughout the test period. If both the vertical and horizontal protection levels are not greater than their respective
alert limits (VAL and HAL) then the service is available. If either of the protection levels exceeds the required alert
limit then the operational service at that location is considered unavailable and an outage in service is recorded with
its duration. The operational service is not considered available again until the protection levels are both within the
alert limits for at least 15 minutes. Although this will reduce operational service availability minimally, it
substantially reduces the number of service outages and prevents excessive switching in and out of service
availability. The percent of time that LPV and LPV 200 service is available using the fifteen-minute window criteria
is presented in Table 3.2. The LPV and LPV 200 service outages and associated outage rate for the test period is
presented in Table 3.4. The outage rate is the percent of approaches that theoretically would be interrupted by a loss
of operational service once the approach had started. Figures 3.1 through 3.6 show the daily availability of LPV and
LPV 200 service levels, and Figures 3.7 through 3.12 show the daily interruptions of LPV and LPV 200 service
levels for the evaluation period.

The following table shows the maximum and minimum 95% HPL and VPL observed at the evaluated CONUS and
Alaska sites this evaluation period. The international sites are excluded from this table, but can be found in Table
3.1

Parameter CONUS CONUS Alaska Alaska
Site/Maximum Site/Minimum Site/Maximum Site/Minimum
95% HPL Oakland Memphis Cold Bay Fairbanks
15.22 meters 10.176 meters 26.137 meters 12.937 meters
95% VPL Oakland Memphis Cold Bay Juneau
27.127 meters 17.663 meters 34.859 meters 21.302 meters

Availability of NPA service is evaluated by monitoring the WAAS horizontal protection level at receiver locations
throughout the test period. If the horizontal protection level is not greater than the horizontal alert limit (HAL =
556m) then the service is available. If the horizontal protection level exceeds the required alert level or if WAAS
navigation message is not received then the NPA service at that location is considered unavailable and an outage in
service is recorded with its duration. The NPA service is not considered available again until the horizontal
protection level is within the alert limit for at least 15 minutes. The percent of time that NPA service is available
using the fifteen-minute window criteria is presented in Table 3.3. The NPA service outages and associated outage
rate for this period is presented in Table 3.5. The outage rate is the percent of NPA approaches that theoretically
would be interrupted by a loss of operational service once the approach had started.

During this evaluation period, low PA and NPA availability are mainly due to GPS satellite outages or GUS
switchovers. Please refer to Table 1.5 for the events that affected availability. Geomagnetic activity on 4/6/11,
5/2/11, and 5/28/11 significantly reduced Alaska availability. Geomagnetic activity on 6/5/11 affected CONUS
availability (see DR 102 WAAS Reaction to [ono Activity June 5 2011). The PRN 29 outage on 4/21/11 and the
PRN 23 outage on 5/5/11 significantly impacted Alaska availability on those days. The PRN 18 outage on 4/5/11
reduced CONUS availability. Elevated GIVE values due to geomagnetic activity on 4/12/11 affected Alaska
availability.
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Table 3-1 95% Protection Level

July 2011

95% HPL 95% VPL
Location (meters) (meters) Percentage in PA mode

Arcata 14.712 26.858 100
Grand Forks 12.497 19.894 100
Oklahoma City 10.294 18.053 100
Albuquerque 11.382 19.517 100
Anchorage 13.730 21.683 100
Atlanta 10.909 18.364 100
Barrow 16.037 32.989 99.969570
Bethel 16.983 26.324 100
Billings 11.771 19.655 100
Boston 13.628 20.273 100
Chicago 10.655 17.765 100
Cleveland 11.388 18.491 100
Cold Bay 26.137 34.859 100
Dallas 10.372 18.448 100
Denver 10.676 19.187 100
Fairbanks 12.937 22.194 99.998420
Gander 22.609 34.350 100
Goose Bay 16.991 26.699 100
Houston 10.932 19.135 100
Iqaluit 27.818 39.377 100
Jacksonville 11.588 19.384 100
Juneau 12.996 21.302 100
Kansas City 10.427 17.912 100
Kotzebue 16.013 30.569 99.969610
Los Angeles 14.277 25.167 100
Memphis 10.176 17.663 100
Merida 16.350 27.615 100
Mexico City 19.508 32.688 99.998550
Miami 13.611 23.042 100
Minneapolis 11.361 18.848 100
New York 13.130 20.170 100
Oakland 15.222 27.127 100
Puerto Vallarta 20.325 33.859 99.999500
Salt Lake City 10.926 19.788 100
San Jose Del Cabo 18.949 32.286 100
Seattle 12.636 21.272 100
Tapachula 27.794 44.606 99.994500
Washington DC 11.737 19.169 100
Winnipeg 13.299 20.432 100
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Table 3-2 Quarterly Availability Statistics

LPV LPV 200
WAAS WAAS
With 15 minute With 15 minute
Location window window

Arcata 0.9999885 0.9864230
Grand Forks 0.9987008 0.9984973
Oklahoma City 1 1
Albuquerque 1 0.9999983
Anchorage 0.9994993 0.9991698
Atlanta 1 1
Barrow 0.9986347 0.9709284
Bethel 0.9995635 0.9978717
Billings 0.9994123 0.9991044
Boston 1 1
Chicago 0.9994616 0.9993404
Cleveland 0.9997258 0.9995936
Cold Bay 0.9990191 0.9349918
Dallas 1 1
Denver 0.9997015 0.9996338
Fairbanks 0.9992531 0.9989097
Gander 0.9983038 0.9466984
Goose Bay 0.9969832 0.9957702
Houston 1 1
Iqaluit 0.9906249 0.8296762
Jacksonville 1 1
Juneau 0.9995631 0.9990387
Kansas City 0.9996450 0.9993772
Kotzebue 0.9988956 0.9879149
Los Angeles 0.9998517 0.9995855
Memphis 1 1
Merida 0.9991181 0.9976406
Mexico City 0.9999968 0.9790923
Miami 0.9997059 0.9994714
Minneapolis 0.9995971 0.9992672
New York 1 0.9999836
Oakland 0.9996809 0.9910994
Puerto Vallarta 0.9999914 0.9551962
Salt Lake City 1 0.9999835
San Jose Del Cabo 0.9996631 0.9796975
Seattle 0.9999739 0.9992674
Tapachula 0.9772140 0.6336460
Washington DC 0.9999762 0.9998948
Winnipeg 0.9986486 0.9986062

July 2011
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Table 3-3 NPA Availability

Location

NPA Availability

Albuquerque

(Excluding RAIM/FDE)
1

Anchorage

1

Atlanta

1

Barrow

0.99992457

Bethel

1

Billings

Boston

Cleveland

Cold Bay

Fairbanks

Gander

Honolulu

Houston

Igaluit

Juneau

[N (VY U IV U NN U UNING (N U

Kansas City

1

Kotzebue

0.99992144

Los Angeles

1

Merida

Miami

Minneapolis

Oakland

Salt Lake City

San Jose Del Cabo

San Juan

Seattle

Tapachula

Washington DC

July 2011
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Table 3-4 LPV and LPV 200 Outage Rate (Per 150 sec approach)

Location LPV LPV LPV 200 LPV 200
QOutages Outage Rates Outages QOutage Rates

Arcata 2 0.000041 128 0.002643
Grand Forks 1 0.000021 1 0.000021
Oklahoma City 0 0 0 0
Albuquerque 0 0 2 0.000038
Anchorage 2 0.000038 5 0.000095
Atlanta 0 0 0 0
Barrow 18 0.000345 311 0.006125
Bethel 2 0.000038 30 0.000575
Billings 1 0.000019 1 0.000019
Boston 0 0 0 0
Chicago 2 0.000038 1 0.000019
Cleveland 1 0.000019 1 0.000019
Cold Bay 6 0.000115 425 0.008683
Dallas 0 0 0 0
Denver 1 0.000019 1 0.000019
Fairbanks 3 0.000058 7 0.000135
Gander 18 0.000345 387 0.007818
Goose Bay 7 0.000134 15 0.000288
Houston 0 0 0 0
Iqaluit 144 0.002782 984 0.022695
Jacksonville 0 0 0 0
Juneau 4 0.000077 5 0.000096
Kansas City 2 0.000038 1 0.000019
Kotzebue 12 0.000230 140 0.002707
Los Angeles 2 0.000038 5 0.000095
Memphis 0 0 0 0
Merida 3 0.000057 28 0.000536
Mexico City 2 0.000038 233 0.004544
Miami 2 0.000038 9 0.000172
Minneapolis 1 0.000019 1 0.000019
New York 0 0 1 0.000019
Oakland 3 0.000057 102 0.001964
Puerto Vallarta 4 0.000077 357 0.007218
Salt Lake City 0 0 1 0.000019
San Jose Del Cabo 7 0.000135 162 0.003187
Seattle 1 0.000019 3 0.000057
Tapachula 150 0.005125 654 0.034460
Washington DC 3 0.000057 11 0.000210
Winnipeg 1 0.000019 1 0.000019
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Table 3-5 NPA Outage Rates (Excluding FD/FDE)

Location

NPA Outages

NPA Outage Rate

Albuquerque

0

0

Anchorage

0

Atlanta

0

Barrow

0.00015291

Bethel

0

Billings

Boston

Cleveland

Cold Bay

Fairbanks

Gander

Honolulu

Houston

Iqaluit

Juneau

(=] =] [l ) [} o) o) fw) fe) [

Kansas City

0

Kotzebue

0.00015280

Los Angeles

0

Merida

Miami

Minneapolis

Oakland

Salt Lake City

San Jose Del Cabo

San Juan

Seattle

Tapachula

Washington DC

(=] =] (e () [e) o] lo]) (] (=) [} fe] o o] [w) () [w) e} fo) fo) [ () fa) el fe) [e) [o o} [a) fe)

(=] =] () () [} fa) el [e) fe) [

July 2011

32



Figure 3-1 LPV Instantaneous Availability

July 2011
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Figure 3-2 LPV Instantaneous Availability
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Figure 3-3 LPV Instantaneous Availability
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Figure 3-4 LPV 200 Instantaneous Availability
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Figure 3-5 LPV 200 Instantaneous Availability
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Figure 3-6 LPV 200 Instantaneous Availability
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Figure 3-7 LPV Qutages
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Figure 3-8 LPV Outages

WAAS Performance Analysis Report

Numbers of Outages Numbers of Outages

Numbers of Outages

Numbers of Outages

10

10

04/09/11 04/23/11 05/07/11 05/21/11 06/04/11 06/18/11

666666060660666660060666006060060660060660600060066006006000600066066000606606606006606006006066060000606060066006666060660
9000000000000 0000009000000000000000090000000000000000000000000000009000900000009090090090090 0%
1 1 1 1 1 1 1

04/09/11 04/23/11 05/07/11 05/21/11 06/04/11 06/18/11

04/09/11 04/23/11 05/07/11 05/21/11 06/04/11 06/18/11

04/09/11 04/23/11 05/07/11 05/21/11 06/04/11 06/18/11

Report 37

July 2011

Billings —e—
Minneapolis —e—
Chicago —e—
Cleveland —e—

Houston —e—
Miami —e—
Dallas —e—

Jacksonville —e—

Anchorage ——
Fairbanks —e—
Juneau —eo—
Bethel —e—

Barrow —e—
Cold Bay —e—
Kotzebue —eo—

40



WAAS Performance Analysis Report

Figure 3-9 LPV Outages
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Figure 3-10 LPV 200 Outages
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Figure 3-11 LPV 200 Outages
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Figure 3-12 LPV 200 Outages
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4.0 COVERAGE

WAAS coverage area evaluation estimates the percent of service volume where WAAS is providing LPV, LPV 200,
and NPA services. The WAAS message and the GPS/GEO satellite status are used to determine WAAS availability

across North America. For PA coverage, protection levels were calculated at 30-sec intervals at one degree spacing

over the PA service volume, while NPA coverage were calculated at 30-sec intervals at five degree spacing over the
NPA service volume.

Daily analysis for PA was conducted for LP, LPV and LPV 200 service levels (see Table 2-1). The coverage plots
provide 100, 99.9, 99, 98 and 95% availability contours. Figure 4.1 shows the rollup LP North America coverage.
Figure 4.2 shows the rollup LPV North America coverage. Figure 4.3 shows the rollup LPV 200 North America
coverage. Figure 4.6 shows the daily LPV and LPV 200 CONUS coverage, and Figure 4.7 shows the daily LPV
Alaska coverage at 99% availability and ionosphere Kp index values for this quarter. Please see Appendix B for
coverage plots of 99% LPV 200 availability contour and 98% LPV availability contour. Kp quantifies the
disturbance in the earth's magnetic field and is an indicator of solar storms causing geomagnetic disturbances that
can cause the ionosphere to become unpredictable. WAAS increases GIVEs making PA service unavailable when
WAAS detects that the ionosphere is disturbed.

Daily analysis for NPA was conducted for RNP 0.1 and RNP 0.3 service levels based on a 100% availability
requirement. RNP 0.1 service is asserted to be available when HPL is less than 185 meters and RNP 0.3 service is
asserted to be available when HPL is less than 556 meters. The NPA coverage plots provide 100, 99.9 and 99%
availability contours. Figure 4.4 shows the rollup RNP 0.1 coverage and Figure 4.5 shows the rollup RNP 0.3
coverage for the quarter. Figure 4.8 shows the daily RNP coverage at 100% availability and ionosphere Kp index
values for this quarter.

The coverage decreases shown on figures 4-6, 4-7, and 4-8 for this quarter are due to GUS switchovers,
geomagnetic activity, satellite outages, and elevated UDRE values. Please refer to Table 1.5 for the events that
affected coverage. The slight decreases in RNP coverage shown on figure 4-8 are all due to GUS switchovers.
Geomagnetic activity on 4/6/11, 5/2/11, and 5/28/11 significantly reduced Alaska coverage. Geomagnetic activity
on 6/5/11 affected mainly CONUS coverage (see DR 102 WAAS Reaction to Iono Activity June 5 2011). The PRN
29 outage on 4/21/11 and the PRN 23 outage on 5/5/11 caused the decreases in Alaska coverage on those days. The
PRN 18 outage on 4/5/11 caused reduced CONUS coverage. Elevated GIVE values due to geomagnetic activity on
4/12/11 affected Alaska LPV200 coverage.
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Figure 4-1 LP North America Coverage for the Quarater
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_ Figure 4-4 RNP 0.1 World Coverage for the Quarter
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Figure 4-5 RNP 0.3 World Coverage for the Quarter
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Figure 4-6 Daily LPV and LPV 200 CONUS Coverage
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5.1 HMI Analysis
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Analysis of integrity includes the identification and evaluation of HMI (hazardously misleading information), as
well as the generation of a safety index to illustrate the margin of safety that WAAS protection levels are providing.
The safety index is a metric that shows how well the protection levels are bounding the maximum observed error
when LPV service is available. The process for determining this index involves dividing the protection limit
observed by the maximum observed error. An observed safety index of greater than one indicates safe bounding of
the greatest observed error, less than one indicates that the maximum error was not bounded, and a result equal to
one means that the error was equal to the protection level. An HMI occurs if the position error exceeds the
protection level in the vertical or horizontal dimensions at any time and 6.2 seconds or more passes before this event
is corrected by WAAS.

Table 5.1 lists the safety index and the number of HMI events. For this evaluation period, the lowest safety margin
index is 3.24 at Grand Forks. There was no HMI event. Since WAAS was made available to the public in August
2000 there has not been an HMI event. WAAS was commissioned by the FAA for safety of life services in July
2003.
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Table 5-1 Safety Margin Index and HMI Statistics

Safety Index
Location Horizontal Vertical Number of HMIs
Arcata 4.12 6.65 0
Grand Forks 3.80 3.24 0
Oklahoma City 9.59 6.26 0
Albuquerque 16.31 7.42 0
Anchorage 12.36 3.94 0
Atlanta 4.12 5.57 0
Barrow 4.92 4.48 0
Bethel 5.17 5.86 0
Billings 14.27 8.05 0
Boston 5.72 6.85 0
Chicago 9.91 7.09 0
Cleveland 4.99 4.42 0
Cold Bay 6.81 10.59 0
Dallas 7.29 6.90 0
Denver 13.39 6.57 0
Fairbanks 543 3.69 0
Gander 7.58 6.77 0
Goose Bay 7.26 9.54 0
Houston 5.09 4.24 0
Iqaluit 11.34 4.66 0
Jacksonville 6.90 6.04 0
Juneau 5.47 7.35 0
Kansas City 10.64 12.18 0
Kotzebue 3.27 7.16 0
Los Angeles 12.16 6.33 0
Memphis 4.22 9.10 0
Merida 18.61 6.80 0
Mexico City 4.32 5.89 0
Miami 6.31 7.42 0
Minneapolis 8.40 5.08 0
New York 6.42 7.70 0
Oakland 5.30 7.35 0
Puerto Vallarta 4.88 4.44 0
Salt Lake City 4.71 8.29 0
San Jose Del Cabo 7.12 6.05 0
Seattle 7.34 6.02 0
Tapachula 7.10 6.51 0
Washington DC 6.85 10.94 0
Winnipeg 4.65 7.13 0
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5.2 Broadcast Alerts

The WAAS transmits alert messages to protect the users if the active WAAS corrections are no longer bound by the
UDREs. Alerts increase the User Differential Range Error (UDRE) for one or more PRNs, which can reduce the
weighting of the satellite in the navigation solution, or completely exclude the satellite from the navigation solution.
An increase in UDRE’s after an alert effectively increases the user protection levels (HPL and VPL), which affects
the availability. Additionally, if an alert message sequence lasts for more than 12 seconds, WAAS fast corrections
can time out, causing a loss of continuity. Table 5.2 shows the total number of alerts and the average number of
alerts per day. Figure 5.1 shows the number of SV alerts that occurred daily during the reporting period. Often the
number of alerts on one GEO is the same as the number of alerts on the other GEO. Therefore, lines tend to overlap
in most points on this plot.

Table 5-2 WAAS SV Alert

Number of Alerts Average Alerts Per Day
Message Type AMR CRW CRE AMR CRW CRE

2 29 29 29 0.3187 0.3187 0.3187

3 16 16 16 0.1758 0.1758 0.1758

4 17 18 21 0.1868 0.1978 0.2308

5 0 0 0 0.0000 0.0000 0.0000

6 0 0 0 0.0000 0.0000 0.0000

24 0 0 0 0.0000 0.0000 0.0000

26 0 0 0 0.0000 0.0000 0.0000

Total Alerts 62 63 66 0.6813 0.6923 0.7253

Days in Service 91 91 91

Figure 5-1 SV Daily Alert Trend

SV Alerts

Number of Alerts
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53 Availability of WAAS Messages (CRE , CRW, and AMR)

For an accurate and current user position to be calculated, the content of the WAAS message must be broadcast and
received within precise time specifications. This aspect of the WAAS is critical to maintaining continuity
requirements. Each message type in the WAAS SIS has a specific timeout interval and an expected worst case
broadcast interval. Table 5.3 lists the maximum intervals at which each message must broadcast to meet system
requirements.

GUS switchovers or broadcast WAAS alerts can interrupt the normal broadcast message stream. If these events
occur at a time when the maximum interval of a specific message is approaching, that message may be delayed,
resulting in its late transmittal.

Late messages statistics reported during the quarter were mainly caused by GEO SIS outages, GUS switchovers and
SV alerts except message type 7 and 10. Occasionally, message type 7 and 10 were late and they were not caused
by GEO SIS outages, GUS switchovers or SV alerts. The lateness of type 7 and type 10 messages has little or no
impact on user performance and safety.

Tables 5.4 to 5.8 show fast correction, long correction, ephemeris covariance, ionosphere correction, and

ionospheric mask message rates statistics broadcasted on AMR. Table 5.9 to 5.13 show message rates statistics
broadcasted on CRW. Table 5.14 to 5.18 show message rates statistics on CRE.

Table 5-3 Update Rates for WAAS Messages

Data Associated Maximum En Route, Precision
Message Update Interval Terminal, NPA Approach
Types (seconds) Timeout (seconds) | Timeout (seconds)
WAAS in Test Mode 0 6 N/A N/A
PRN Mask 1 60 None None
UDREI 2-6, 24 6 18 12
Fast Corrections 2-5,24 See Table A-8 in See Table A-8 in See Table A-8 in
RTCA DO-229C | RTCA DO-229C RTCA DO-229C
Long Term 24,25 120 360 240
Corrections
GEO Nav. Data 9 120 360 240
Fast Correction 7 120 360 240
Degradation
Weighting Factors 8 120 240 240
Degradation 10 120 360 240
Parameters
Ionospheric Grid 18 300 None None
Mask
Ionospheric 26 300 600 600
Corrections
UTC Timing Data 12 300 None None
Almanac Data 17 300 None None
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Table 5-4 WAAS Fast Correction and Degradation Message Rates - AMR

Message Type On Time Late MaX( sLez;:)en f;se)ngth
1 100412 3 438
2 1310316 42 414
3 1310277 50 414
4 1310275 52 408
7 93784 10 578
9 92114 4 5o
10 93700 14 53,
17 30819 2 520

Table 5-5 WAAS Long Correction Message Rates (Type 24 and 25) - AMR

Report 37

SV On Time Late Max Late Length
(seconds)
2 47707 2 424
3 50845 1 179
4 48372 0 0
5 48828 0 0
6 51559 1 156
7 47967 0 0
8 47548 2 415
9 49680 2 177
10 49219 0 0
11 51987 1 182
12 48934 1 182
13 47910 0 0
14 47995 0 0
15 49695 4 180
16 48997 1 184
17 47920 1 174
18 47565 1 179
19 51169 0 0
20 50846 1 180
21 47621 1 156
22 48765 0 0
23 47181 1 415
24 51656 1 162
25 51195 0 0
26 49165 0 0
27 52246 0 0
28 49054 0 0
29 47503 0 0
30 23000 0 0
31 48847 1 184
32 48304 1 174
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Table 5-6 WAAS Ephemeris Covariance Message Rates (Type 28) - AMR

Report 37

SV On Time Late Max Late Length
(seconds)
2 39151 0 0
3 41803 9 209
4 39749 2 210
S 40058 0 0
6 42353 2 158
7 39349 1 209
8 39055 1 53
9 40814 6 207
10 40403 1 6l
11 42735 4 10
12 40203 1 194
13 39344 1 2
14 39415 1 209
15 40808 0 0
16 40264 1 206
17 39361 0 0
18 39070 1 209
19 42023 4 523
20 41752 2 209
21 39116 0 0
22 40058 4 8
23 38738 3 523
24 42429 2 102
25 42020 1 194
26 40401 2 142
27 42918 3 163
28 40221 3 10
29 39047 1 210
30 18848 1 24
31 40057 2 206
32 39699 0 0
135 75225 3 208
138 28462 2 23
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Table 5-7 WAAS Ionospheric Correction Message Rates (Type 26) - AMR
Band Block On Time Late Max Late Length
(seconds)
0 0 27288 6 576
0 1 27289 8 579
0 2 27283 7 590
1 0 27280 6 576
1 1 27280 6 576
1 2 27286 8 576
1 3 27293 5 864
1 4 27284 7 864
2 0 27285 13 864
2 1 27282 7 864
2 2 27285 7 864
2 3 27286 6 864
2 4 27291 8 864
2 5 27282 10 864
3 0 27278 4 864
3 1 27276 6 864
3 2 27285 5 576
9 0 27294 8 576
9 1 27292 6 576
9 2 27290 7 576
9 3 27279 7 576
9 4 27279 11 576
9 5 27299 3 576
9 6 27280 6 576
Table 5-8 WAAS Ionospheric Mask Message Rates (Type 18) - AMR
Band On Time Late Max Late Length
(seconds)

0 34989 1 684

1 34959 1 659

2 34990 3 673

3 34941 1 720

9 35005 2 656

58

Report 37



WAAS Performance Analysis Report

July 2011

Table 5-9 WAAS Fast Correction and Degradation Message Rates - CRW

Message Type On Time Late MaX( sLez;:)en f;se)ngth
1 101219 2 12
2 1310386 42 31
3 1310363 43 30
4 1310359 47 25
7 94338 13 126
9 92124 1 174
10 94125 17 136
17 30875 0 0

Table 5-10 WAAS Long Correction Message Rates (Type 24 and 25) - CRW
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SV On Time Late Max Late Length
(seconds)
2 47712 0 0
3 50853 1 181
4 48367 0 0
5 48838 0 0
6 51574 0 0
7 47968 0 0
8 47546 1 158
9 49680 1 162
10 49232 0 0
11 51996 0 0
12 48940 0 0
13 47904 1 167
14 47992 2 179
15 49692 1 180
16 49002 1 167
17 47920 0 0
18 47572 0 0
19 51162 0 0
20 50841 0 0
21 47630 0 0
22 48747 0 0
23 47207 1 165
24 51659 2 165
25 51196 0 0
26 49178 0 0
27 52236 0 0
28 49043 1 168
29 47506 1 179
30 22992 0 0
31 48852 1 167
32 48298 1 181
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Table 5-11 WAAS Ephemeris Covariance Message Rates (Type 28) - CRW
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Sv On Time Late Max Late Length
(seconds)
2 39157 0 0
3 41803 2 185
4 39752 0 0
5 40056 0 0
6 42352 2 140
7 39354 0 0
8 39060 0 0
9 40814 11 168
10 40408 2 198
11 42737 3 161
12 40199 1 141
13 39343 3 192
14 39416 1 206
15 40811 1 208
16 40260 1 209
17 39362 1 152
18 39064 0 0
19 42016 0 0
20 41743 1 130
21 39119 0 0
22 40050 2 206
23 38741 3 210
24 42425 4 192
25 42024 1 209
26 40399 4 184
27 42926 1 151
28 40205 4 208
29 39042 1 121
30 18849 1 210
31 40055 0 0
32 39686 0 0
135 75223 1 153
138 28525 1 121
60



WAAS Performance Analysis Report

July 2011

Table 5-12 WAAS Ionospheric Correction Message Rates (Type 26) - CRW

Band Block On Time Late Max Late Length
(seconds)
0 0 27304 3 306
0 1 27289 6 305
0 2 27283 4 311
1 0 27294 5 306
1 1 27282 5 309
1 2 27281 5 382
1 3 27293 6 385
1 4 27295 3 375
2 0 27291 4 374
2 1 27284 12 583
2 2 27283 6 431
2 3 27293 4 421
2 4 27295 7 419
2 5 27276 13 426
3 0 27287 6 432
3 1 27278 7 444
3 2 27284 9 427
9 0 27282 7 419
9 1 27282 10 576
9 2 27288 9 431
9 3 27281 8 401
9 4 27289 3 401
9 5 27282 7 403
9 6 27272 5 407

Table 5-13 WAAS Ionospheric Mask Message Rates (Type 18) - CRW

Band On Time Late Max Late Length
(seconds)
0 35027 0 0
1 35054 0 0
2 35018 0 0
9 35000 0 0
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Table 5-14 WAAS Fast Correction and Degradation Message Rates — CRE

Message Type On Time Late Max(s]:jcl::; ﬁse)ngth
1 107994 1 121
2 1310402 43 3
3 1310355 53 17
4 1310383 43 17
7 99717 12 132
10 99724 10 140

Table 5-15 WAAS Long Correction Message Rates (Type 24 and 25) — CRE
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SV On Time Late Max Late Length
(seconds)
2 47711 0 0
3 50856 1 174
4 48375 0 0
5 48835 0 0
6 51573 0 0
7 47974 0 0
8 47557 0 0
9 49681 0 0
10 49224 1 182
11 51991 1 166
12 48937 1 166
13 47904 0 0
14 48000 0 0
15 49682 1 180
16 49010 1 170
17 47918 0 0
18 47560 1 174
19 51191 0 0
20 50845 0 0
21 47626 0 0
22 48763 0 0
23 47170 0 0
24 51656 0 0
25 51197 1 182
26 49181 0 0
27 52242 0 0
28 49053 0 0
29 47505 0 0
30 22992 0 0
31 48852 1 170
32 48312 0 0
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Table 5-16 WAAS Ephemeris Covariance Message Rates (Type 28) — CRE
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SV On Time Late Max Late Length
(seconds)
2 39146 2 210
3 41817 0 0
4 39753 1 200
S 40062 0 0
6 42370 0 0
7 39370 0 0
8 39060 0 0
9 40825 0 0
10 40417 1 210
11 42745 1 151
12 40207 1 2
13 39332 0 0
14 39411 3 158
15 40817 0 0
16 40270 0 0
17 39360 1 199
18 39062 0 0
19 42046 0 0
20 41742 2 199
21 39123 0 0
22 40066 0 0
23 38740 1 130
24 42419 0 0
25 42019 1 22
26 40394 0 0
27 42917 0 0
28 40265 0 0
29 39047 0 0
30 18843 0 0
31 40058 0 0
32 39680 2 28
135 74653 1 153
138 75334 1 135
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Table 5-17 WAAS Ionospheric Correction Message Rates (Type 26) - CRE
Band Block On Time Late Max Late Length
(seconds)
0 0 27282 9 448
0 1 27284 3 453
0 2 27264 10 466
1 0 27283 8 460
1 1 27289 5 460
1 2 27275 7 464
1 3 27280 10 458
1 4 27290 10 453
2 0 27278 9 460
2 1 27281 6 464
2 2 27278 5 466
2 3 27293 6 464
2 4 27278 6 536
2 5 27291 6 548
3 0 27282 9 555
3 1 27282 5 542
3 2 27296 9 306
9 0 27288 8 306
9 1 27274 10 306
9 2 27279 12 411
9 3 27270 9 405
9 4 27282 9 405
9 5 27291 9 394
9 6 27292 3 392
Table 5-18 WAAS Ionospheric Mask Message Rates (Type 18) — CRE
Band On Time Late Max Late Length
(seconds)
0 35822 0 0
1 35788 1 358
2 35812 2 400
3 35781 1 322
9 35790 0 0
64
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5.4 Satellite Glitches

The GPS satellites occasionally have periods of signal carrier stability ‘glitches’ of varying magnitude. These are
short degradations in the signal that in severe cases cause WAAS to lose track or cycle slip for some or all of the
WAAS receivers. The more severe glitches will cause the WAAS reported UDRE spike to “Not Monitor’ and result
in an alert.

Figure 5.2 shows the satellite glitches visible to WAAS for the quarter. Glitches are categorized into three severity
levels. Severity one glitches cause a significant number of the receivers to simultaneously have bad subframe parity,
but not all receivers. Severity two glitches cause all of the receivers to report bad subframe parity data and some
receivers to also have cycle slips and or lose tracking of L2 and or L1. Severity three glitches cause all of the
receivers to lose track of both L1 and L2 data.
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Figure 5-2 SV Glitch Trend

Satellite Glitch Events
Severity: Green=1;Blue=2;Red =3
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6.0 SV RANGE ACCURACY

Range accuracy evaluation computes the probability that the WAAS User Differential Range Error (UDRE) and
Grid Ionospheric Vertical Error (GIVE) statistically bound 99.9% of the range residuals for each satellite tracked by
the receiver. A UDRE is broadcast by the WAAS for each satellite that is monitored by the system and the 99.9%
bound (3.29 sigma) of the residual error on a pseudorange after application of fast and long-term corrections is
checked. The pseudorange residual error is determined by taking the difference between the raw pseudorange and a
calculated reference range. The reference range is equal to the true range between the corrected satellite position and
surveyed user antenna plus all corrections (WAAS Fast Clock, WAAS Long-Term Clock, WAAS Ionospheric
delay, Tropospheric delay, Receiver Clock Bias, and Multipath). Since the true ionospheric delay and multipath
error are not precisely known, the estimated variance in these error sources are added to the UDRE before the
comparing it to the residual error.

GPS satellite range residual errors were calculated for twelve WAAS receivers during the quarter. Table 6.1 and 6.2
show the range error 95% index and 99.9% (3.29 sigma) bounding statistics for each SV at the selected locations.
Figures 6.1 and 6.2 show the range error for each SV as measured by the WAAS receivers at the Washington DC
reference station.

A GIVE is broadcast by the WAAS for each IGP that is monitored by the system and the 99.9% (3.29 sigma) bound
of the ionospheric error is checked. The WAAS broadcasts the ionospheric model using IGP’s at predefined
geographic locations. Each IGP contains the vertical ionospheric delay and the error in that delay in the form of the
GIVE. The ionospheric error is determined by taking the difference between the WAAS vertical ionospheric delay
interpolated from the IGP’s and GPS dual frequency measurement at that GPS satellite.

GPS satellite ionospheric errors were calculated for twelve WAAS receivers during the quarter. Table 6.3 and 6.4
show the ionospheric error 95% index and 99.9% (3.29 sigma) bounding statistics for each SV at the selected
locations. Figures 6.3 and 6.4 show the ionospheric error for each SV as measured by the WAAS receiver at the
Washington DC reference station.
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Table 6-1 Range Error 95% index and 3.29 Sigma Bounding

Site — Billings Albuquerque Boston Washington DC Houston Kansas City
SV ] 95% 3.29 95% 3.29 95% 3.29 95% 3.29 95% 3.29 95% 3.29
Range Sigma Range Sigma Range Sigma Range Sigma Range Sigma Range Sigma
Error | Bounding(%) | Error | Bounding(%) | Error | Bounding(%) | Error | Bounding(%) | Error | Bounding(%) | Error | Bounding(%)

1 - - - - - - - - - - - -
2 1.859 100 1.719 100 1.623 100 1.497 100 2.248 100 1.664 100
3 1.030 100 1.132 100 1.199 100 0.887 100 1.184 100 1.121 100
4 1.727 100 1.466 100 1.640 100 1.378 100 1.072 100 1.642 100
5 1.398 100 1.061 100 1.360 100 1.532 100 0.804 100 1.361 100
6 1.452 100 1.235 100 1.579 100 0.879 100 1.194 100 1.276 100
7 0.992 100 0.844 100 1.378 100 1.092 100 1.028 100 0.976 100
8 0.878 100 0.849 100 0.965 100 1.206 100 1.257 100 1.218 100
9 1.058 100 1.111 100 1.081 100 1.061 100 1.158 100 1.288 100
10 1.056 100 1.099 100 1.077 100 1.078 100 2.055 100 1.165 100
11 0.712 100 1.055 100 0.915 100 1.173 100 1.774 100 0.793 100
12 1.324 100 1.153 100 1.344 100 1.342 100 1.077 100 1.220 100
13 1.590 100 0.983 100 1.154 100 1.220 100 1.251 100 1.033 100
14 1.381 100 0.823 100 1.294 100 0.841 100 1.113 100 0.700 100
15 1.309 100 1.321 100 1.518 100 1.498 100 1.413 100 1.449 100
16 1.512 100 1.501 100 1.206 100 1.360 100 1.583 100 1.043 100
17 2.622 100 0.855 100 1.951 100 0.786 100 1.245 100 1.202 100
18 1.246 100 1.371 100 1.199 100 1.179 100 1.498 100 1.085 100
19 2.272 100 2.373 100 2.267 100 2.336 100 2.578 100 2.544 100
20 0.907 100 1.747 100 1.185 100 1.369 100 1.814 100 1.402 100
21 1.354 100 1.666 100 1.298 100 1.348 100 1.442 100 1.580 100
22 1.845 100 2.279 100 2.482 100 2.299 100 2.507 100 2.174 100
23 1.669 100 1.979 100 1.824 100 2.007 100 2.256 100 1.655 100
24 1.738 100 1.351 100 1.390 100 1.834 100 1.875 100 1.584 100
25 2.627 100 1.879 100 2.180 100 2.138 100 3.914 100 2.185 100
26 1.525 100 1.403 100 1.429 100 1.522 100 1.483 100 1.081 100
27 1.186 100 1.084 100 1.452 100 1.095 100 1.555 100 0.978 100
28 0.987 100 1.284 100 1.010 100 1.199 100 1.590 100 1.135 100
29 1.678 100 1.416 100 1.231 100 1.482 100 1.255 100 1.708 100
30 1.403 100 1.424 100 1.236 100 1.107 100 1.341 100 1.553 100
31 1.190 100 1.401 100 0.793 100 0.780 100 0.990 100 1.054 100
32 1.157 100 1.144 100 0.984 100 1.037 100 1.019 100 0.771 100
135 2.597 100 1.703 100 2.981 100 1.552 100 2.071 100 2.075 100
138 1.866 100 1.605 100 2.231 100 2.226 100 2.019 100 1.931 100
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Table 6-2 Range Error 95% index and 3.29 Sigma Bounding

Site — Los Angeles Salt Lake City Miami Minneapolis Atlanta Juneau
SV | 95% 3.29 95% 3.29 95% 3.29 95% 3.29 95% 3.29 95% 3.29
Range Sigma Range Sigma Range Sigma Range Sigma Range Sigma Range Sigma
Error | Bounding(%) | Error | Bounding(%) | Error | Bounding(%) | Error | Bounding(%) | Error | Bounding(%) | Error | Bounding(%)
2 2.254 100 1.928 100 2.062 100 1.544 100 1.534 100 1.511 100
3 1.128 100 0.813 100 1.048 100 1.929 100 0.893 100 0.881 100
4 0.915 100 1.205 100 1.311 100 1.283 100 1.375 100 1.328 100
5 1.079 100 1.240 100 1.566 100 1.319 100 1.503 100 1.486 100
6 0.890 100 1.321 100 1.228 100 1.083 100 1.337 100 1.589 100
7 0.848 100 0.786 100 1.381 100 1.182 100 0.836 100 1.218 100
8 1.087 100 0.880 100 0.813 100 1.320 100 1.030 100 1.088 100
9 1.448 100 0.909 100 1.047 100 2.176 100 1.364 100 0.912 100
10 1.225 100 1.193 100 1.211 100 0.805 100 0.947 100 0.960 100
11 1.469 100 1.431 100 1.940 100 1.064 100 1.337 100 1.255 100
12 1.197 100 1.127 100 1.438 100 1.409 100 1.608 100 1.261 100
13 0.959 100 1.941 100 1.374 100 1.157 100 0.960 100 1.104 100
14 1.506 100 0.981 100 1.272 100 0.714 100 0.810 100 0.873 100
15 1.218 100 1.041 100 1.452 100 1.604 100 1.544 100 1.308 100
16 1.840 100 1.374 100 1.557 100 1.125 100 1.186 100 0.930 100
17 0.921 100 0.963 100 1.301 100 0.967 100 0.907 100 1.014 100
18 1.721 100 1.942 100 1.376 100 1.123 100 1.291 100 1.251 100
19 2.583 100 2.461 100 2.501 100 2.285 100 2.462 100 2.325 100
20 1.892 100 1.433 100 1.495 100 1.300 100 1.440 100 1.268 100
21 1.640 100 1.468 100 1.859 100 1.277 100 1.265 100 1.256 100
22 2.702 100 2.326 100 2.486 100 2.247 100 2.264 100 2.334 100
23 2.489 100 2.141 100 2.077 100 1.699 100 2.006 100 1.745 100
24 0.995 100 2.348 100 1.431 100 1.289 100 1.781 100 1.846 100
25 1.819 100 1.690 100 2.647 100 2.111 100 2.162 100 2.259 100
26 0.866 100 1.124 100 1.372 100 1.380 100 1.458 100 1.071 100
27 1.103 100 0.829 100 1.277 100 1.174 100 1.211 100 1.062 100
28 1.648 100 1.341 100 1.836 100 1.201 99.9951 1.448 100 1.088 100
29 0.897 100 2.502 100 1.747 100 1.728 100 1.198 100 1.632 100
30 1.120 100 1.481 100 1.292 100 1.777 100 1.223 100 1.721 100
31 1.224 100 0.979 100 1.197 100 0.725 100 0.817 100 1.118 100
32 1.125 100 0.949 100 1.118 100 0.736 100 0.817 100 0.905 100
135 2.258 100 1.586 100 1.908 100 2.585 100 1.833 100 1.431 100
138 2.817 100 1.565 100 2.682 100 2.184 100 2.169 100 2.098 100
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Table 6-3 Ionospheric Error 95% index and 3.29 Sigma Boundin

July 2011

Site — Billings Albuquerque Boston Washington DC Houston Kansas City
SV | 95% 3.29 95% 3.29 95% 3.29 95% 3.29 95% 3.29 95% 3.29
Iono Sigma Iono Sigma Iono Sigma Iono Sigma Iono Sigma Tono Sigma
Error | Bounding(%) | Error | Bounding(%) | Error | Bounding(%) | Error | Bounding(%) | Error | Bounding(%) | Error | Bounding(%)

1 - - - - - - - - - - - -
2 1.292 100 0.932 100 1.143 100 0.952 100 1.049 100 1.077 100
3 0.450 100 0.585 100 0.452 100 0.445 100 0.731 100 0.576 100
4 1.172 100 1.244 100 1.253 100 1.245 100 1.434 100 1.471 100
5 0.828 100 0.941 100 0.581 100 1.070 100 0.963 100 0.924 100
6 0.676 100 0.671 100 0.728 100 0.436 100 0.852 100 0.559 100
7 0.666 100 0.706 100 0.656 100 0.765 100 0.623 100 0.684 100
8 0.460 100 0.533 100 0.497 100 0.605 100 0.593 100 0.655 100
9 0.590 100 0.650 100 0.459 100 0.508 100 0.590 100 0.534 100
10 0.482 100 0.503 100 0.540 100 0.426 100 1.252 100 0.543 100
11 0.459 100 0.440 100 0.415 100 0.409 100 0.754 100 0.376 100
12 0.687 100 0.759 100 0.635 100 0.775 100 0.689 100 0.598 100
13 0.677 100 0.715 100 0.564 100 0.665 100 0.689 100 0.520 100
14 0.560 100 0.455 100 0.683 100 0.361 100 0.617 100 0.413 100
15 0.616 100 0.848 100 0.619 100 0.901 100 0.849 100 0.864 100
16 0.818 100 0.780 100 0.535 100 0.441 100 0.663 100 0.613 100
17 1.785 100 0.844 100 1.159 100 0.624 100 0.744 100 0.874 100
18 0.937 100 0.600 100 0.883 100 0.733 100 0.823 100 0.640 100
19 1.508 100 1.405 100 1.517 100 1.457 100 1.820 100 1.615 100
20 0.620 100 0.794 100 0.806 100 0.597 100 0.829 100 0.718 100
21 0.962 100 0.724 100 1.137 100 0.913 100 0.756 100 1.098 100
22 1.610 100 1.547 100 2.057 100 1.700 100 1.684 100 1.651 100
23 1.268 100 1.232 100 1.493 100 1.397 100 1.478 100 1.056 100
24 0.767 100 0.770 100 0.690 100 0.815 100 0.982 100 0.699 100
25 1.526 100 1.398 100 1.233 100 1.254 100 2.020 100 1.232 100
26 0.871 100 0.918 100 0.608 100 0.765 100 0.830 100 0.591 100
27 0.661 100 0.643 100 0.566 100 0.469 100 0.671 100 0.521 100
28 0.471 100 0.494 100 0.612 100 0.571 100 0.766 100 0.565 100
29 0.897 100 1.116 100 0.670 100 0.857 100 1.055 100 0.974 100
30 0.926 100 1.044 100 0.672 100 0.902 100 1.243 100 1.095 100
31 0.687 100 0.858 100 0.318 100 0.620 100 0.766 100 0.794 100
32 0.507 100 0.586 100 0.447 100 0.480 100 0.424 100 0.372 100
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Table 6-4 Ionospheric Error 95% index and 3.29 Sigma Bounding

July 2011

Site — Los Angeles Salt Lake City Miami Minneapolis Atlanta Juneau
SV | 95% 3.29 95% 3.29 95% 3.29 95% 3.29 95% 3.29 95% 3.29
Iono Sigma Iono Sigma Iono Sigma Iono Sigma Iono Sigma Iono Sigma
Error | Bounding(%) | Error | Bounding(%) | Error | Bounding(%) | Error | Bounding(%) | Error | Bounding(%) | Error | Bounding(%)
1 - - - - - - - - - - - -
2 1.210 100 1.124 100 0.970 100 1.038 100 0.873 100 1.107 100
3 0.456 100 0.385 100 0.639 100 0.678 100 0.478 100 0.558 100
4 0.830 100 0.778 100 1.193 100 0.984 100 1.006 100 0.796 100
5 0.807 100 0.609 100 1.271 100 0.658 100 1.015 100 0.916 100
6 0.468 100 0.591 100 0.837 100 0.608 100 0.718 100 0.832 100
7 0.743 100 0.521 100 0.897 100 0.810 100 0.719 100 0.754 100
8 0.499 100 0.441 100 0.873 100 0.638 100 0.470 100 0.583 100
9 0.567 100 0.507 100 0.583 100 0.873 100 0.599 100 0.507 100
10 0.574 100 0.613 100 0.436 100 0.481 100 0.538 100 0.544 100
11 0.702 100 0.567 100 0.692 100 0.519 100 0.483 100 0.632 100
12 0.642 100 0.639 100 0.998 100 0.723 100 0.792 100 0.605 100
13 0.489 100 0.768 100 1.081 100 0.532 100 0.575 100 0.576 100
14 0.612 100 0.534 100 0.745 100 0.388 100 0.395 100 0.491 100
15 0.719 100 0.561 100 0.969 100 0.859 100 0.792 100 0.835 100
16 0.849 100 0.655 100 0.533 100 0.681 100 0.518 100 0.717 100
17 0.744 100 0.735 100 0.944 100 0.571 100 0.707 100 0.624 100
18 0.853 100 1.151 100 0.615 100 0.767 100 0.852 100 0.992 100
19 1.595 100 1.638 100 1.275 100 1.627 100 1.430 100 1.543 100
20 0.750 100 0.719 100 0.773 100 0.773 100 0.747 100 0.684 100
21 0.798 100 0.855 100 1.094 100 1.028 100 0.844 100 1.038 100
22 1.745 100 1.781 100 1.598 100 1.770 100 1.729 100 1.830 100
23 1.542 100 1.491 100 1.303 100 1.193 100 1.314 100 1.245 100
24 0.656 100 1.013 100 0.897 100 0.693 100 0.911 100 0.975 100
25 1.403 100 1.224 100 1.791 100 1.302 100 1.313 100 1.407 100
26 0.642 100 0.637 100 0.837 100 0.870 100 0.788 100 0.674 100
27 0.690 100 0.499 100 0.745 100 0.723 100 0.638 100 0.612 100
28 0.737 100 0.637 100 1.020 100 0.582 100 0.652 100 0.700 100
29 0.842 100 1.271 100 1.314 100 0.921 100 0.837 100 0.970 100
30 0.776 100 0.850 100 1.236 100 1.108 100 0.998 100 0.954 100
31 0.553 100 0.512 100 0.779 100 0.304 100 0.496 100 0.556 100
32 0.430 100 0.431 100 0.654 100 0.394 100 0.426 100 0.384 100
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Figure 6-1 95% Range Error (PRN 1 - PRN 16) -
Washington DC

b

*®

b R
*0

0

04/09/11 04/23/11 05/07/11 05/21/11 06/04/11 06/18/11

e

04/09/11 04/23/11 05/07/11 05/21/11 06/04/11 06/18/11

04/09/11 04/23/11 05/07/11 05/21/11 06/04/11 06/18/11

I €S
00}
he ‘/&2

04/09/11 04/23/11 05/07/11 05/21/11 06/04/11 06/18/11

Report 37

July 2011

PRN1 —e—
PRN 2 —eo—
PRN 3 —eo—
PRN 4 —eo—

PRN5 —e—
PRN 6 —o—
PRN7 —e—
PRN 8 —eo—

PRN9 —eo—
PRN 10 —e—
PRN 11 —e—
PRN 12 —e—

PRN 13 —e—
PRN 14 —e—
PRN 15 —e—
PRN 16 —e—

72



Figure 6-2 95% Range Error (PRN 17 - PRN 32) -
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Figure 6-3 95% lonospheric (PRN 1 - PRN 16) -
Washington DC
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Figure 6-4 95% lonospheric (PRN 17 - PRN 32) -
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7.0 GEO RANGING PERFORMANCE

The WAAS GEO navigation messages provide corrections and UDRE values for each satellite. The GEO ranging
availability from each GEO navigation message source was evaluated separately to determine the quality of service
provided.

Table 7.1 shows the GEO-Ranging performance. Figure 7.1 shows the trend of CRW GEO PA Ranging
Availability and Figure 7.2 shows the trend of CRE GEO PA Ranging Availability.

From 4/1/11 to 6/14/11, there was an orbit mismatch between C&V ZLA, ZDC, and ZTL that caused AMR GEO,
CRW GEO, and CRE GEO to broadcast different UDRE values for CRE. C&V ZLA was the selected source for
AMR, C&V ZDC was the selected source for CRW, and C&V ZTL was the selected source for CRE. The CRE
UDRE values reported by AMR and CRW was set to Not Monitored for most of the period causing low CRW GEO
PA ranging availability.

ZLA, ZDC, and ZTL software was updated to W6.077L (WFO — Release 2b) on 6/14/11 and 6/15/11. Starting
6/15/11 C&V ZTL, ZDC, and ZLA orbits matched and AMR, CRW, and CRE broadcast the same UDRE values for
CRE.

Table 7-1 GEO Ranging Availability

GEO Source GEO PA NPA Not Monitored (%) | Do Not Use (%)
(%) (%)
CRW 135 CRW 97.60 1.79 0.49 0.11
CRW 135 CRE 35.64 2.02 62.27 0.06
CRE 138 CRW 96.89 1.78 1.21 0.12
CRE 138 CRE 97.48 2.02 0.43 0.06
AMR 133 CRW 97.60 1.79 0.49 0.11
AMR 133 CRE 35.56 2.02 62.34 0.06
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8.0 WAAS AIRPORT AVAILABILITY

The WAAS airport availability evaluation determines the number and length LPV service outages at selected
airports from the transmitted WAAS navigation message. The navigation messages transmitted from all GEO
satellites are processed simultaneously, and WAAS protection levels (VPL and HPL) are computed at each airport
once a second in accordance with the RTCA DO-229D. Once the protection levels have been produced at each
airport an LPV service evaluation is conducted to identify outages in service (i.e. when protection levels exceed alert
limits). WAAS LPV service is available for a user when the vertical protection level (VPL) is less than or equal to
vertical alert limit (VAL) of 50 meters and the horizontal protection level (HPL) is less than or equal to horizontal
alert limit (HAL) of 40 meters. If both conditions are met at a specified airport location then WAAS LPV service is
available at that airport. If either one of the conditions are not met at a specified airport location then WAAS LPV
service at that airport is unavailable and an outage in LPV service is recorded with its duration. When the LPV
service becomes unavailable it is not considered available again until protection levels are below or equal to alert
limits for at least 15 minutes. Although this will reduce LPV service availability minimally, it substantially reduces
the number of service outages and prevents excessive switching in and out of service availability. When computing
LPV service availability, an extra two minutes of outage time was prefixed to each outage. The number of WAAS
LPV service outages and the availability at selected airports for this evaluation period of WAAS operation is
presented in Table 8-1. Figure 8-1 to 8-4 provide the graphical representation of the LPV and LPV 200 availability
and outage counts at all airports, including many that do not have published approaches. These results are depicted
geographically on an interactive web page at http://www.nstb.tc.faa.gov/AirportOutages/ .

The interactive web page can be accessed by entering the web address into an Internet browser and selecting 2™
Quarter 2011 from the drop-down menu on the upper left corner and clicking “Submit Request”. The WAAS LPV
airport layer will appear providing color coded availability results as shown in Figure 8.1 and 8.2. Rolling over any
airport with the cursor displays the LPV availability and number of LPV outages for the reporting period. The
“WAAS Layer” menu in the upper right of the display allows the user to select WAAS LPV 200 availability and the
number of outage results as shown in Figure 8.3 and 8.4. The user can review WAAS availability performance for
US airports with GPS RNAYV instrument approach procedures by selecting “Show all Airports”, or limit airports
displayed to those with approved LPV approaches as provided in Table 8.1.

Table 8-1 WAAS LPV Outages and Availability

Airport Airport Name State Service LPV LPV LPV 200 LPV 200
Id QOutages | Availability | Outages | Availability

BET BETHEL AK LPV 3 0.999561 34 0.997753
9A3 CHUATHBALUK AK LPV 2 0.999554 8 0.998932
CLP CLARKS POINT AK LPV 2 0.9995 13 0.998596
CDB COLD BAY AK LPV 6 0.999016 413 0.935684
SCC DEADHORSE AK LPV 4 0.999378 15 0.998069
GAL EDWARD G. PITKA SR AK LPV 3 0.99937 6 0.99876

ELI ELIM AK LPV 4 0.999489 18 0.997913
ENM EMMONAK AK LPV 6 0.999542 35 0.997192
FAI FAIRBANKS INTL AK LPV200 3 0.999252 4 0.99905

GKN GULKANA AK LPV 3 0.999565 4 0.999153
HOM HOMER AK LPV 2 0.9995 5 0.999122
HLA HUSLIA AK LPV 3 0.999344 6 0.99871

ILI ILIAMNA AK LPV 3 0.999481 5 0.99908

KAL KALTAG AK LPV 3 0.999473 9 0.998577
ENA KENAI MUNICIPAL AK LPV 2 0.99947 5 0.999183
KTN KETCHIKAN INTL AK LPV 1 0.999596 2 0.999141
AKN KING SALMON AK LPV 2 0.999493 10 0.998768
KYU KOYUKUK AK LPV 4 0.999363 7 0.998638
KWT KWETHLUK AK LPV 3 0.999527 22 0.998302
WNA NAPAKIAK AK LPV 3 0.999565 39 0.997966
AQH QUINHAGAK AK LPV 2 0.999664 32 0.997512
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Airport . . LPV LPV LPV 200 LPV 200
Il:l Airport Name State Service Qutages | Availability | Outages | Availability

OTZ RALPH WIEN MEMORIAL AK LPV200 18 0.998676 126 0.98832
D76 ROBERT/BOB/CURTIS MEMORIAL AK LPV 14 0.998745 96 0.990984
RBY RUBY AK LPV 3 0.999344 6 0.998771
WLK SELAWIK AK LPV 3 0.999431 17 0.9981
SHX SHAGELUK AK LPV 4 0.999557 9 0.998794
2C7 SHAKTOOLIK AK LPV 6 0.999458 16 0.998283
KSM ST MARY'S AK LPV 4 0.999607 31 0.997596
SMK ST MICHAEL AK LPV 7 0.999554 17 0.998352
ANC TED STEVENS ANCHORAGE INTL AK LPV 2 0.99947 4 0.999203
BRW WILEY POST-WILL ROGERS MEMORIA AK LPV 15 0.998638 262 0.973573
YAK YAKUTAT AK LPV200 2 0.999618 4 0.999348
8A0 ALBERTVILLE RGNL-THOMAS J BRUM AL LPV 0 1 0 1
ANB ANNISTON METROPOLITAN AL LPV 0 1 0 1
AUO AUBURN UNIVERSITY RGNL AL LPV 0 1 0 1
EKY BESSEMER AL LPV200 0 1 0 1
BHM BIRMINGHAM-SHUTTLESWORTH INTL AL LPV200 0 1 0 1

12] BREWTON MUNICIPAL AL LPV 0 1 0 1
SEM CRAIG FIELD AL LPV 0 1 0 1
DHN DOTHAN RGNL AL LPV 0 1 0 1
EDN ENTERPRISE MUNICIPAL AL LPV 0 1 0 1
S5R4 FOLEY MUNICIPAL AL LPV 0 1 0 1
3A1 FOLSOM FIELD AL LPV 0 1 0 1
4R4 H L SONNY CALLAHAN AL LPV 0 1 0 1
HSV HUNTSVILLE INTL-CARL T JONES F AL LPV200 0 1 0 1
4A9 ISBELL FIELD AL LPV 0 1 0 1
JKA JACK EDWARDS AL LPV 0 1 0 1
MDQ MADISON COUNTY EXECUTIVE/TOM S AL LPV 0 1 0 1
HAB MARION COUNTY-RANKIN FITE AL LPV 0 1 0 1

MERKEL FIELD SYLACAUGA

SCD MUNICIPAL AL LPV 0 1 0 1
BFM MOBILE DOWNTOWN AL LPV200 0 1 0 1
MOB MOBILE RGNL AL LPV 0 1 0 1
MGM MONTGOMERY RGNL (DANNELLY FIEL | AL LPV 0 1 0 1
GAD NORTHEAST ALABAMA RGNL AL LPV 0 1 0 1
MSL NORTHWEST ALABAMA RGNL AL LPV200 0 1 0 1
DCU PRYOR FIELD RGNL AL LPV200 0 1 0 1
EET SHELBY COUNTY AL LPV 0 1 0 1

791 SOUTH ALABAMA RGNL AT BILL BEN AL LPV 0 1 0 1
PLR ST CLAIR COUNTY AL LPV 0 1 0 1
2R5 ST ELMO AL LPV 0 1 0 1
ASN TALLADEGA MUNICIPAL AL LPV 0 1 0 1
TOI TROY MUNICIPAL AL LPV200 0 1 0 1
TCL TUSCALOOSA RGNL AL LPV 0 1 0 1
LIT ADAMS FIELD AR LPV200 0 1 0 1
BYH ARKANSAS INTL AR LPV200 0 1 1 0.999908
BVX BATESVILLE RGNL AR LPV 0 1 1 0.999966
HRO BOONE COUNTY AR LPV 1 0.999996 1 0.999992
4M3 CARLISLE MUNICIPAL AR LPV 0 1 0 1
FSM FORT SMITH RGNL AR LPV200 0 1 0 1
JBR JONESBORO MUNICIPAL AR LPV 0 1 1 0.999935
M19 NEWPORT MUNICIPAL AR LPV 0 1 1 0.999958
ORK NORTH LITTLE ROCK MUNICIPAL AR LPV 0 1 0 1
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Airport Airport Name State Service LPV LPV LPV 200 LPV 200
Id Qutages | Availability | Outages | Availability
XNA NORTHWEST ARKANSAS RGNL AR LPV 0 1 0 1
BPK OZARK RGNL AR LPV 1 0.999969 1 0.999969
ROG ROGERS MUNICIPAL-CARTER FIELD AR LPV 0 1 0 1
RUE RUSSELLVILLE RGNL AR LPV 0 1 0 1
SUzZ SALINE COUNTY RGNL AR LPV 0 1 0 1
SRC SEARCY MUNICIPAL AR LPV 0 1 1 0.999985
SLG SMITH FIELD AR LPV 0 1 0 1
ELD SOUTH ARKANSAS RGNL AT GOODWIN | AR LPV 0 1 0 1
ASG SPRINGDALE MUNICIPAL AR LPV 0 1 0 1
SGT STUTTGART MUNICIPAL AR LPV 0 1 0 1
TXK TEXARKANA RGNL-WEBB FIELD AR LPV 0 1 0 1
AWM WEST MEMPHIS MUNICIPAL AR LPV200 0 1 1 0.999992
P33 COCHISE COUNTY AZ LPV 0 1 35 0.999237
PRC ERNEST A. LOVE FIELD AZ LPV 0 1 2 0.999935
FLG FLAGSTAFF PULLIAM AZ LPV 0 1 2 0.999966
GEU GLENDALE MUNICIPAL AZ LPV 0 1 2 0.999943
IGM KINGMAN AZ LPV 0 1 2 0.999889
HII LAKE HAVASU CITY AZ LPV 0 1 2 0.999874
IFP LAUGHLIN/BULLHEAD INTL AZ LPV 0 1 2 0.99987
PGA PAGE MUNICIPAL AZ LPV 0 1 2 0.999973
DVT PHOENIX DEER VALLEY AZ LPV 0 1 2 0.999947
PHX PHOENIX SKY HARBOR INTL AZ LPV 0 1 2 0.99995
IWA PHOENIX-MESA GATEWAY AZ LPV 0 1 87 0.996741
SAD SAFFORD RGNL AZ LPV 0 1 14 0.99976
SOW SHOW LOW RGNL AZ LPV 0 1 5 0.999939
TUS TUCSON INTL AZ LPV 0 1 86 0.996883
APV APPLE VALLEY CA LPV 2 0.999897 4 0.999664
ACV ARCATA CA LPV 0 1 99 0.991495
AUN AUBURN MUNICIPAL CA LPV 2 0.999947 44 0.9986
DAG BARSTOW-DAGGETT CA LPV 2 0.999947 3 0.999687
C83 BYRON CA LPV 3 0.999695 88 0.993544
CMA CAMARILLO CA LPV 2 0.999779 24 0.998352
MER CASTLE CA LPV200 2 0.99976 52 0.998268
STS CHARLES M. SCHULZ - SONOMA COU CA LPV 2 0.999748 101 0.989137
CIC CHICO MUNICIPAL CA LPV 1 0.999977 49 0.997348
CNO CHINO CA LPV 2 0.999863 5 0.999588
FAT FRESNO YOSEMITE INTL CA LPV 2 0.999752 11 0.999313
WIF GENERAL WM J FOX AIRFIELD CA LPV 2 0.999836 5 0.999451
HAF HALF MOON BAY CA LPV 4 0.999657 136 0.98716
HWD HAYWARD EXECUTIVE CA LPV 3 0.999668 103 0.990549
CVH HOLLISTER MUNICIPAL CA LPV 2 0.999702 111 0.992876
CEC JACK MC NAMARA FIELD CA LPV 0 1 93 0.99552
SNA JOHN WAYNE AIRPORT-ORANGE COUN | CA LPV 2 0.999821 11 0.999485
LHM LINCOLN RGNL/KARL HARDER FIELD CA LPV200 2 0.99992 56 0.997115
LVK LIVERMORE MUNICIPAL CA LPV 3 0.999683 93 0.992178
LGB LONG BEACH /DAUGHERTY FIELD/ CA LPV 2 0.999855 10 0.999477
LAX LOS ANGELES INTL CA LPV 2 0.999847 11 0.999332
LSN LOS BANOS MUNICIPAL CA LPV 2 0.999725 85 0.996471
MAE MADERA MUNICIPAL CA LPV 2 0.999748 24 0.998874
CRQ MC CLELLAN-PALOMAR CA LPV 2 0.999866 13 0.999401
BFL MEADOWS FIELD CA LPV200 2 0.999714 7 0.999363
MCE MERCED RGNL/MACREADY FIELD CA LPV 2 0.999763 49 0.998375
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Airport Airport Name State Service LPV LPV LPV 200 LPV 200
Id Qutages | Availability | Outages | Availability
OAK METROPOLITAN OAKLAND INTL CA LPV 3 0.999664 104 0.990194
MOD MODESTO CITY-CO-HARRY SHAM FLD CA LPV 2 0.99976 72 0.997024
MRY MONTEREY PENINSULA CA LPV 3 0.999676 165 0.98563
MYF MONTGOMERY FIELD CA LPV200 2 0.999882 20 0.998729
APC NAPA COUNTY CA LPV 3 0.999679 93 0.991033
002 NERVINO CA LPV 1 0.999981 1 0.999729
SJC NORMAN Y. MINETA SAN JOSE INTL CA LPV 3 0.999683 110 0.990518
VCB NUT TREE CA LPV 2 0.999897 80 0.993025
ONT ONTARIO INTL CA LPV 2 0.999863 5 0.999592
OXR OXNARD CA LPV 2 0.999691 27 0.997745
PALATKA MUNICIPAL - LT. KAY
28] LARKIN CA LPV 0 1 0 1
PRB PASO ROBLES MUNICIPAL CA LPV200 2 0.99971 131 0.994029
RBL RED BLUFF MUNICIPAL CA LPV 1 0.999977 50 0.997215
RDD REDDING MUNICIPAL CA LPV 1 0.999973 38 0.998214
RHV REID-HILLVIEW OF SANTA CLARA C CA LPV 3 0.999683 106 0.991251
RAL RIVERSIDE MUNICIPAL CA LPV 2 0.999866 5 0.999603
SAC SACRAMENTO EXECUTIVE CA LPV200 2 0.999878 71 0.995711
SMF SACRAMENTO INTL CA LPV 2 0.999874 69 0.995196
MHR SACRAMENTO MATHER CA LPV 2 0.999866 63 0.996532
SNS SALINAS MUNICIPAL CA LPV200 2 0.999695 144 0.98966
SFO SAN FRANCISCO INTL CA LPV 3 0.999664 119 0.98874
SBA SANTA BARBARA MUNICIPAL CA LPV 2 0.999668 119 0.992674
MIT SHAFTER-MINTER FIELD CA LPV 2 0.999714 7 0.999348
VCV SOUTHERN CALIFORNIA LOGISTICS CA LPV 2 0.999893 4 0.999645
SCK STOCKTON METROPOLITAN CA LPV 2 0.999763 75 0.99607
TCY TRACY MUNICIPAL CA LPV 2 0.999737 89 0.994464
DWA YOLO COUNTY CA LPV 2 0.999886 75 0.994116
MYV YUBA COUNTY CA LPV200 1 0.999973 61 0.996787
APA CENTENNIAL Cco LPV 1 0.999741 1 0.999599
CITY OF COLORADO SPRINGS

COS MUNICIPAL 8[0) LPV200 1 0.999966 1 0.999702
CEZ CORTEZ MUNICIPAL CO LPV 0 1 1 0.999996
DEN DENVER INTL CO LPV200 1 0.999702 1 0.999596
DRO DURANGO-LA PLATA COUNTY CO LPV200 0 1 1 0.999996
FNL FORT COLLINS-LOVELAND MUNICIPAL | CO LPV200 1 0.999702 1 0.999332
FTG FRONT RANGE CO LPV 1 0.999702 1 0.999596
RIL GARFIELD COUNTY RGNL CO LPV 1 0.999996 1 0.999767
GJT GRAND JUNCTION REGIONAL CO LPV200 0 1 1 0.999962
GXY GREELEY-WELD COUNTY CO LPV 1 0.999702 1 0.999325
ITR KIT CARSON COUNTY CO LPV 1 0.999634 1 0.999557
LHX LA JUNTA MUNICIPAL CO LPV 1 0.999947 1 0.999748
LAA LAMAR MUNICIPAL CO LPV 1 0.999916 1 0.99971
MTJ MONTROSE RGNL CO LPV200 0 1 0 1
PUB PUEBLO MEMORIAL CO LPV200 1 0.999973 1 0.999718
BJC ROCKY MOUNTAIN METROPOLITAN CO LPV200 1 0.99971 1 0.999702
ALS SAN LUIS VALLEY RGNL/BERGMAN F CO LPV200 0 1 1 0.999985
HDN YAMPA VALLEY CO LPV 1 0.999882 1 0.999561
BDL BRADLEY INTL CT LPV200 0 1 1 0.999985
GON GROTON-NEW LONDON CT LPV 0 1 1 0.999977
HVN TWEED-NEW HAVEN CT LPV 0 1 1 0.999977
0XC WATERBURY-OXFORD CT LPV 0 1 1 0.999977
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Airport . . LPV LPV LPV 200 LPV 200
Il:l Airport Name State Service Qutages | Availability | Outages | Availability
DCA RONALD REAGAN WASHINGTON NATIO | DC LPV 0 1 4 0.999924
ILG NEW CASTLE DE LPV 0 1 0 1
EVY SUMMIT DE LPV 0 1 0 1
GED SUSSEX COUNTY DE LPV 0 1 0 1
AAF APALACHICOLA REGIONAL FL LPV 0 1 0 1
AVO AVON PARK EXECUTIVE FL LPV 0 1 1 0.999779
BOW BARTOW MUNICIPAL FL LPV 0 1 1 0.999969
CEW BOB SIKES FL LPV 0 1 0 1
BCT BOCA RATON FL LPV 2 0.999714 6 0.999531
VQQ CECIL FIELD FL LPV 0 1 0 1
PGD CHARLOTTE COUNTY FL LPV 1 0.999939 1 0.999779
CRG CRAIG MUNICIPAL FL LPV200 0 1 0 1
CTY CROSS CITY FL LPV 0 1 0 1
DAB DAYTONA BEACH INTL FL LPV 0 1 0 1
DELAND MUNICIPAL-SIDNEY H

DED TAYLOR FI FL LPV 0 1 0 1
FHB FERNANDINA BEACH MUNICIPAL FL LPV 0 1 0 1
XFL FLAGLER COUNTY FL LPV 0 1 0 1
FXE FORT LAUDERDALE EXECUTIVE FL LPV200 2 0.99971 6 0.999508
FLL FORT LAUDERDALE/HOLLYWOOD INTL | FL LPV 2 0.999706 7 0.999489
GNV GAINESVILLE RGNL FL LPV 0 1 0 1
BKV HERNANDO COUNTY FL LPV 0 1 0 1
IMM IMMOKALEE RGNL FL LPV200 2 0.999771 3 0.999718
JAX JACKSONVILLE INTL FL LPV 0 1 0 1
TMB KENDALL-TAMIAMI EXECUTIVE FL LPV200 2 0.999702 6 0.99947
EYW KEY WEST INTL FL LPV 3 0.999668 7 0.999286
ISM KISSIMMEE GATEWAY FL LPV200 0 1 0 1
X14 LA BELLE MUNICIPAL FL LPV 1 0.999779 2 0.999729
LCQ LAKE CITY MUNICIPAL FL LPV 0 1 0 1
LAL LAKELAND LINDER RGNL FL LPV200 0 1 1 0.999996
LEE LEESBURG INTL FL LPV 0 1 0 1
MKY MARCO ISLAND FL LPV 2 0.999767 4 0.999649
MLB MELBOURNE INTL FL LPV 0 1 0 1
COlI MERRITT ISLAND FL LPV 0 1 0 1
MIA MIAMI INTL FL LPV 2 0.999702 7 0.999466
APF NAPLES MUNICIPAL FL LPV 1 0.999779 4 0.999691
EVB NEW SMYRNA BEACH MUNICIPAL FL LPV 0 1 0 1
F45 NORTH PALM BEACH COUNTY GENERA | FL LPV 2 0.999737 6 0.999653
ECP NORTHWEST FLORIDA BEACHES INTL FL LPV200 0 1 0 1
OCF OCALA INTL-JIM TAYLOR FIELD FL LPV200 0 1 0 1
OBE OKEECHOBEE COUNTY FL LPV 1 0.999969 1 0.999779
MCO ORLANDO INTL FL LPV200 0 1 0 1
SFB ORLANDO SANFORD INTL FL LPV200 0 1 0 1
PHK PALM BEACH CO GLADES FL LPV 2 0.999756 2 0.999718
PBI PALM BEACH INTL FL LPV 2 0.999725 6 0.999584
PNS PENSACOLA GULF COAST RGNL FL LPV 0 1 0 1

40J PERRY-FOLEY FL LPV 0 1 0 1
PMP POMPANO BEACH AIRPARK FL LPV 2 0.99971 6 0.999508
SRQ SARASOTA/BRADENTON INTL FL LPV200 0 1 1 0.999779
SEF SEBRING RGNL FL LPV 1 0.999966 1 0.999779
RSW SOUTHWEST FLORIDA INTL FL LPV 1 0.999779 3 0.999718
TIX SPACE COAST RGNL FL LPV200 0 1 0 1
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Airport . . LPV LPV LPV 200 LPV 200
Il:l Airport Name State Service Qutages | Availability | Outages | Availability
SGJ ST AUGUSTINE FL LPV 0 1 0 1
FPR ST LUCIE COUNTY INTL FL LPV 1 0.999985 1 0.999779
PIE ST PETERSBURG-CLEARWATER INTL FL LPV200 0 1 1 0.999985
TLH TALLAHASSEE RGNL FL LPV 0 1 0 1
VDF TAMPA EXECUTIVE FL LPV 0 1 0 1
TPA TAMPA INTL FL LPV200 0 1 0 1
MTH THE FLORIDA KEYS MARATHON FL LPV 3 0.999687 11 0.999019
VRB VERO BEACH MUNICIPAL FL LPV 1 0.999985 1 0.999779
GIF WINTER HAVEN'S GILBERT FL LPV 0 1 0 1
SUA WITHAM FIELD FL LPV 2 0.999809 5 0.999733
ZPH ZEPHYRHILLS MUNICIPAL FL LPV 0 1 0 1
AHN ATHENS/BEN EPPS GA LPV 0 1 0 1
FFC ATLANTA RGNL FALCON FIELD GA LPV200 0 1 0 1
AGS AUGUSTA RGNL AT BUSH FIELD GA LPV 0 1 0 1
MLJ BALDWIN COUNTY GA LPV 0 1 0 1
WDR BARROW COUNTY GA LPV 0 1 0 1
BQK BRUNSWICK GOLDEN ISLES GA LPV200 0 1 0 1
VPC CARTERSVILLE GA LPV 0 1 0 1
47A CHEROKEE COUNTY GA LPV 0 1 0 1
CWV CLAXTON-EVANS COUNTY GA LPV 0 1 0 1
RYY COBB COUNTY-MC COLLUM FIELD GA LPV200 0 1 0 1
48A COCHRAN GA LPV 0 1 0 1
CSG COLUMBUS METROPOLITAN GA LPV 0 1 0 1
15 COOK COUNTY GA LPV 0 1 0 1
9A1 COVINGTON MUNICIPAL GA LPV 0 1 0 1
CKF CRISP COUNTY-CORDELE GA LPV 0 1 0 1
DNN DALTON MUNICIPAL GA LPV 0 1 0 1
BGE DECATUR COUNTY INDUSTRIAL AIR GA LPV200 0 1 0 1
BIJ EARLY COUNTY GA LPV 0 1 0 1
SBO EMANUEL COUNTY GA LPV 0 1 0 1
18A FRANKLIN COUNTY GA LPV 0 1 0 1
FTY FULTON COUNTY AIRPORT-BROWN FI GA LPV 0 1 0 1
317 GREENE COUNTY RGNL GA LPV 0 1 0 1
PIM HARRIS COUNTY GA LPV 0 1 0 1
ATL HARTSFIELD - JACKSON ATLANTA I GA LPV200 0 1 0 1
EZM HEART OF GEORGIA RGNL GA LPV 0 1 0 1
TMA HENRY TIFT MYERS GA LPV 0 1 0 1
HOE HOMERVILLE GA LPV 0 1 0 1
19A JACKSON COUNTY GA LPV 0 1 0 1
JES JESUP-WAYNE COUNTY GA LPV 0 1 0 1
LGC LAGRANGE-CALLAWAY GA LPV200 0 1 0 1
GVL LEE GILMER MEMORIAL GA LPV 0 1 0 1
MCN MIDDLE GEORGIA RGNL GA LPV 0 1 0 1
2]5 MILLEN GA LPV 0 1 0 1
MGR MOULTRIE MUNICIPAL GA LPV 0 1 0 1
CCo NEWNAN COWETA COUNTY GA LPV 0 1 0 1
PUJ PAULDING NORTHWEST ATLANTA GA LPV200 0 1 0 1
PXE PERRY-HOUSTON COUNTY GA LPV 0 1 0 1
JZP PICKENS COUNTY GA LPV 0 1 0 1
JYL PLANTATION ARPK GA LPV 0 1 0 1
RMG RICHARD B RUSSELL GA LPV 0 1 0 1
SAV SAVANNAH/HILTON HEAD INTL GA LPV200 0 1 0 1
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ABY SOUTHWEST GEORGIA RGNL GA LPV200 0 1 0 1

4]6 ST MARYS GA LPV 0 1 0 1

TBR STATESBORO-BULLOCH COUNTY GA LPV 0 1 0 1

MQW TELFAIR-WHEELER GA LPV 0 1 0 1

OPN THOMASTON-UPSON COUNTY GA LPV200 0 1 0 1

TVI THOMASVILLE RGNL GA LPV 0 1 0 1

TOC TOCCOA RG LETOURNEAU FIELD GA LPV 0 1 0 1

VLD VALDOSTA RGNL GA LPV 0 1 0 1

VDI VIDALIA RGNL GA LPV 0 1 0 1

1Yy WASHINGTON-WILKES COUNTY GA LPV 0 1 0 1

AYS WAYCROSS-WARE COUNTY GA LPV 0 1 0 1

CTJ WEST GEORGIA RGNL - O VGRAY F GA LPV 0 1 0 1

AMW AMES MUNICIPAL IA LPV 2 0.999512 3 0.999367
IKV ANKENY RGNL 1A LPV 1 0.999523 2 0.999374
TVK CENTERVILLE MUNICIPAL 1A LPV 1 0.999596 2 0.999374
CKP CHEROKEE COUNTY RGNL 1A LPV 1 0.999416 1 0.999378
CWI CLINTON MUNICIPAL 1A LPV200 1 0.99934 1 0.99934
CBF COUNCIL BLUFFS MUNICIPAL 1A LPV200 1 0.999378 2 0.999374
DVN DAVENPORT MUNICIPAL 1A LPV200 2 0.999466 1 0.99934
DNS DENISON MUNICIPAL 1A LPV 1 0.999378 2 0.999374
DSM DES MOINES INTL 1A LPV 1 0.999523 2 0.999374
DBQ DUBUQUE RGNL 1A LPV200 1 0.99934 1 0.99934
EST ESTHERVILLE MUNICIPAL 1A LPV 1 0.999416 1 0.999378
FFL FAIRFIELD MUNICIPAL 1A LPV 2 0.999573 1 0.99934
FXY FOREST CITY MUNICIPAL 1A LPV 2 0.999607 2 0.999374
FOD FORT DODGE RGNL 1A LPV200 1 0.999378 2 0.999374
GGI GRINNELL RGNL 1A LPV 1 0.999596 4 0.999473
IOW IOWA CITY MUNICIPAL 1A LPV 2 0.999542 1 0.99934
EFW JEFFERSON MUNICIPAL 1A LPV 1 0.999378 2 0.999374
EOK KEOKUK MUNICIPAL 1A LPV 2 0.99958 1 0.99934
oXV KNOXVILLE MUNICIPAL 1A LPV 1 0.999596 3 0.999367
LRJ LE MARS MUNICIPAL 1A LPV 1 0.999416 1 0.999313
MPZ MOUNT PLEASANT MUNICIPAL 1A LPV 2 0.999561 1 0.99934
MUT MUSCATINE MUNICIPAL 1A LPV 2 0.999546 1 0.99934
TNU NEWTON MUNICIPAL 1A LPV 1 0.999596 3 0.999351
OO0A OSKALOOSA MUNICIPAL 1A LPV 1 0.999596 4 0.999481
OT™M OTTUMWA RGNL 1A LPV 1 0.999596 3 0.999481
PEA PELLA MUNICIPAL 1A LPV 1 0.999596 3 0.999359
PRO PERRY MUNICIPAL 1A LPV 2 0.999512 2 0.999374
ICL SCHENCK FIELD 1A LPV 1 0.999378 2 0.999374
SDA SHENANDOAH MUNICIPAL 1A LPV 1 0.999378 2 0.999374
SUX SIOUX GATEWAY/COL. BUD DAY FIE 1A LPV200 1 0.999428 1 0.99929
BRL SOUTHEAST IOWA RGNL 1A LPV200 2 0.999557 1 0.99934
SPW SPENCER MUNICIPAL 1A LPV200 1 0.999416 1 0.999378
SLB STORM LAKE MUNICIPAL 1A LPV 1 0.999416 2 0.999374
CID THE EASTERN IOWA 1A LPV200 2 0.999538 2 0.999336
VTI VINTON VETERANS MEMORIAL ARPK 1A LPV 2 0.999561 3 0.999317
AWG WASHINGTON MUNICIPAL 1A LPV200 2 0.99955 1 0.99934
ALO WATERLOO RGNL IA LPV 1 0.999596 3 0.999306
EBS WEBSTER CITY MUNICIPAL 1A LPV 2 0.999496 3 0.99937
BOI BOISE AIR TERMINAL/GOWEN FLD ID LPV 0 1 2 0.999824
EUL CALDWELL INDUSTRIAL ID LPV 0 1 2 0.999809
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COE COEUR D'ALENE - PAPPY BOYINGTO 1D LPV200 1 0.999668 1 0.999523
GNG GOODING MUNICIPAL ID LPV 0 1 3 0.999878
IDA IDAHO FALLS RGNL ID LPV200 1 0.999973 2 0.999679
JER JEROME COUNTY ID LPV 0 1 3 0.999893
TWF JOSLIN FIELD - MAGIC VALLEY RG ID LPV200 0 1 2 0.999916
LWS LEWISTON-NEZ PERCE COUNTY ID LPV200 1 0.99966 1 0.99966
MYL MC CALL MUNICIPAL ID LPV 0 1 3 0.99979
U76 MOUNTAIN HOME MUNICIPAL ID LPV 0 1 2 0.99984
MAN NAMPA MUNICIPAL ID LPV 0 1 2 0.999813
PIH POCATELLO RGNL ID LPV200 1 0.999989 2 0.999775
SPI ABRAHAM LINCOLN CAPITAL IL LPV 2 0.999588 1 0.99934
FEP ALBERTUS IL LPV 1 0.99934 1 0.99934
ARR AURORA MUNICIPAL IL LPV 1 0.99934 1 0.99934
BMI CENTRAL IL RGNL ARPT AT BLOOMI IL LPV 2 0.999508 1 0.99934
MDW CHICAGO MIDWAY INTL IL LPV 2 0.999508 1 0.999