





The estimates of delay reduction in hours of delay were converted to airline direct operating cost
(DOC) benefits asfollows, usng the fallowing “fleet average” codts:

Airborne delay cost = $48/minute
Taxi dday cost = $30/minute

Gate dday cost = $15/minute = downstream ddlay cost (i.e, a flight flying the current flight
segment in the scheduled amount of time, but running late due to an earlier weather delay that
day).

The improved arcraft merging/sequencing benefit arises in cases where the arport capacity is
reduced to less than the scheduled arriva rate due to a mixture of adverse winds (typicdly, sgnificant
vertica wind shear) and IFR conditions. Since the weather Stuations modded arise from large Pacific
sorms, the weather impacts are well understood so that the bulk of the delays should be taken on the
ground.

Downstream delays were considered to have the same DOC cost as gate delays.

For the wake vortex related benefits, a lumped value of $1000 per hour of delay (i.e, the delay
savings was not separated into airborne, taxi, and gate delays.)

The passenger time was estimated to cost $2000 per hour (per the FAA guidelines for the 1994
ITWS cost benefits sudy) for dl cases.
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aFAST
ACE
ARTCC
ASQP
CG
COTS
CSCl
CTAS
DOC
FAA
FAST
HNL
IC
IFR
IMC
IOC
IPT
ITWS
LAX
NAS
NASA
NCDC
NEXRAD
NLDN
NoCal
NWS
OAG
pFAST
PDX
PRM
RUC

SEP
SFO
SOIA
TCWF
TDWR
TFM
T™U
VFR
VIF
VIL
WSP

GLOSSARY

“active’” Find Approach Spacing Tool
Aviation Capacity Enhancement

Air Route Traffic Control Center
Airline Service Qudity Performance
Cloud-to-Ground

Commercid Off-The Shelf

Computer Software Configuration Item
Center-TRACON Advisory System
Direct Operating Cost

Federd Aviaion Adminigration

Fina Approach Spacing Tool

Honolulu Internationa Airport
Intracloud

Instrument Hight Rules

Instrument Meteorologica Conditions
Initial Operationa Capability
Integrated Product Team

Integrated Terminal Wesather System
Los Angedes Internationd Airport
Nationa Airgpace System

Nationd Aeronautics and Space Administration
Nationd Climatic Data Center

NEXt generation weather RADar
National Lightning Detection Network
Northern Cdifornia

National Westher Service

Offidd Airline Guide

“passve’ Final Approach Spacing Tool
Portland Internationa Airport

Pardld Runway Monitoring

Rapid Update Cycle

Sedttle International Airport

Storm Extrapolated Position

San Francisco Internationa Airport
Simultaneous Operation with Independent Approach
Termina Convective Westher Forecast
Termina Doppler Weather Radar
Traffic How Management

Traffic Management Unit

Visud Hight Rules

Verticdly Integrated water above the freezing leve
Verticaly Integrated Liquid water
Weather Systems Processor

77



78



REFERENCES

Bieringer, P.E., D.W. Miller, and D.R. Meyer, “A Refinement of Thunderstorm Climatology for the
Terminad Radar Control Airgpace,” American Meteorological Society 8th Conference on Avidtion,
Range and Aerospace Meteorology, Ddlas, TX, Jan 10-15, 1999, pp. 365-369.

Boswell, S. B. and J. E. Evans, “Anayss of Downstream Impacts of Air Traffic Delay,” Massachusetts
Indtitute of Technology, Lincoln Laboratory, Project Report ATC-257, 3 March 1997.

Chornoboy, E.S., A.M. Matlin, and J.P. Morgan, “Automated Storm Tracking for Termind Air Traffic
Control,” Massachusetts Ingtitute of Technology, The Lincoln Laboratory Journal, Fall 1994,
Voal. 7, No. 2.

Clark, D.A., “Characterizing the Causes of Low Ceiling and Vighility & U.S. Airports” Proceedings,
American Meteorologicd Society 6th Conference on Aviation Weeather Systems, Ddlas, TX, 15
20 January 1995, pp. 325-330.

Cole, RE., and F.W. Wilson, “The Integrated Termind Westher sysem Termind Winds Product,”
Massachusdtts Indtitute of Technology, The Lincoln Laboratory Journal, Fall 1994, Vol. 7, No.
2.

Cole, RE., JE. Evans, and D.A. Rhoda, “Deay Reduction Due to the Integrated Termina Wesather
Sysem (ITWS) Terminad Winds Product, American Meteorologica Society 7th Conference on
Aviation, Range and Aerospace Meteorology, Long Beach, CA, Feb. 2-7, 1997, pp. 365-369.

Dasey, T.J, D.A. Hinton, “Nowcasting Requirements for the Aircraft Vortex Spacing System
(AVOSS),” American Meteorologica Society 79" Annua Meeting, Dallas, TX, January 1999.

Dasey, T.J,, presentation to FAA Survelllance Integrated Product Team (AND-400), 23 June 1999.

Davis, T.J, K.J. Krzeczowski and C. Bergh, “The Fina Approach Spacing Tool,” 13" IFAC Symp.
on Auto. Control in Aerospace, Palo Alto, CA, 1994.

Donovan, M.F., and M.M. Wolfson, “Selected Wind Shear Events Observed During the 1987
Evduation of Enhancements to the FAA Low Levd Wind Shear Alet Sysem a Stapleton
Internationa Airport,” 15 February 1989.

Evans, JE., and E.R. Ducot, “The Integrated Termind Weather Sysem (ITWS),” Massachusetts
Indtitute of Technology, The Lincoln Laboratory Journal, Fall 1994, Vol. 7, No. 2.

Evans, JE., “Coupling Termind Westher Information to Next Generation Automation, Traffic How
Management, and ‘Free Flight Systems” American Meteorological Society 7" Conference on
Avidion Range, and Aerospace Meteorology, Long Beach, CA, 2-7 February 1997.

FAA Office of System Capacity, “ Aviation Capacity Enhancement Plan,” 1999.
Fujita, T.T., The Downburst: Microburst and Macroburst, Chicago, IL, University of Chicago,1985.

79



Halock, J, “Differences Between Landing and Takeoff Wake Vortices” Proceedings of the
International Wake Vortex Meseting, Ottawa, Ontario, Transport Canada Publication TP 13166, p.
81, Dec. 1997.

Hallowel, R.G., M.M. Wolfson, B.E. Forman, M.P. Moore, B.A. Crowe, T.M. Rotz, D.W. Miller,
T.C. Carty, “The Termina Convective Westher Forecast Demondiration a the DFW International
Airport,” American Meteorologica Society 79" Annua Meeting, Dallas, TX, January 1999.

Klinge-Wilson, “A Gust Front Case Studies handbook,” Massachusetts Indtitute of Technology,
Lincoln Laboratory, Project Report ATC-129, 10 January 1985.

Lincoln Laboratory, Massachusetts Ingtitute of Technology, Project Report ATC-224, “Integrated
Termina Westher System (ITWS) Algorithm Description,” DOT/FAA/ND-95/11.

Mazur, V., “Lightning Strikes to an Aircraft in a Thunderstorm,” J. Aircraft, vol. 21, 607-611, 1984.

Mazur, V., “Lightning Threst to Aircraft: Do We Know All We Need to Know?” Journal of Aircraft,
Val. 30, No.1, Jan.-Feb. 1993, pp. 156-159.

Nichal, R., “FAST Times a DFW,” Journal of Air Traffic Control, Vol. 38 No. 2., 1996, pp. 27-
29.

Operations Assessment Divison, DTS-59, Volpe Trangportation Systems Center for the Program
Anadyss and Operations Research, ASD-400 and Research Divison, AAR-200 of the Federal
Aviation Adminigretion, “Cog, Benefit, and Risk Assessment Guiddines for RE&D Investment
Portfolio Development,” November, 1996.

Phillips, ER., “Westher, Fatigue Loom as Issues in American Crash,” Aviation Week and Space
Technology, June 7, 1999, p. 32.

Plumer, J. A., N.O. Rasch and M.S. Glynn, “Recent Data from the Airlines Lightning Strike Reporting
Project,” Journal of Aircraft, 22, 429-433, 1985.

Rhoda, D.A. and M.L. Pawlak, “An Assessment of Thunderstorm Penetrations and Deviations by
Commercid Aircraft in the Termind Area” Massachuseits Inditute of Technology, Lincoln
Laboratory, Project Report NASA/A-2, 3 June 1999.

Rovinky, R.B., D.K. Chin, M. Kipperman, B.S. Loomis, “FAA Investments in a Budget Congtrained
Environment: Two Examples of Cost-Bendfit Andyss” Air Traffic Control Quarterly, Val. 4,
No. 2, 1996.

Sherry, JE., “Rapid Update Cycle (RUC) Winds Aloft Forecast Accuracy as a Function of output
Resolution,” American Meteorological Society 8" Conference on Aviation, Range, and Aerospace
Meteorology, Ddlas, TX, 10-15 January 1999.

US Depatment of Transportetion, Federal Aviation Adminigration, the City of Los Angdes
Depatment of Airports, and the arlines and genera aviation serving Los Angeles “Los Angeles
International Airport Capacity Enhancement Plan,” (available through the FAA Office of System
Capacity, or at www.asc.faa.gov), 1991.

80



US Depatment of Transportation, Federd Aviation Adminigtration, “1994 Aviaion Capacity
Enhancement (ACE),” DOT/FAA/ASC-94-1, 1994.

US Depatment of Transportation, Federal Aviation Administration, “1998 Aviation Capacity
Enhancement (ACE) CD-ROM and Airport Database.”

Williams, E.R., “Large-Scade Separation in Thunderclouds,” Journal of Geophysical Research, Vol.
90, No. D4, pp. 6013-6025, June 30, 1985.

Wilson, FW. and D.A. Clark, “Estimation of the Avoidable Cogst of Celling and Vishility Events a
Magor Airports” American Meteorological Society 7th Conference on Aviation, Range, and
Aerospace meteorology, Long Beach, CA, 2-7 February 1997, pp. 480-485.

Wolfson, M.M., R.L. Ddanoy, B.E. Forman, R.G. Hdlowdl, M.L. Pawla, and P.D. Smith,
“Automated Microburst Wind-Shear Prediction,” Massachusetts Indtitute of Technology, The
Lincoln Laboratory Journal, Fall 1994, Vol. 7, No. 2.

Wolfson, M.M, B.E. Forman, R.G. Halowel, and M.P. Moore, “The Growth and Decay Storm
Tracker,” American Meteorologica Society 79" Annua Meeting, Dallas, TX, January 1999.

81



