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1.0 EXECUTIVE SUMMARY

1.1 INTRODUCTION

This report presents a summary of the 1995 Cost Allocation Study (CAS)
conducted for the Federal Aviation Administration by GRA, Incorporated.  The CAS is
intended to provide a base of information for the establishment of user fees and/or
aviation taxes to finance FAA's programs.  Prior FAA cost allocation studies have been
used as references to support the authorization of taxes which were paid into the
Airport and Airway Trust Fund to finance all of FAA's capital programs and a portion
of its operating budget.  In addition to potential reauthorization of aviation taxes, there
have been a number of proposals to change the manner in which FAA is financed.  Data
from the CAS can be used to examine the feasibility of alternative financing
mechanisms and their impact on the relative share of FAA's costs borne by various
types of aviation users and the general taxpayer.  In addition, the CAS provides detailed
data on both the costs of producing FAA services and on who uses these services.  

The CAS was prepared under the general direction of FAA’s Finance Working
Group and under the technical supervision of FAA’s Office of Aviation Policy and Plans
(APO).  FAA costs were developed from the Departmental Accounting Financial
Information System (DAFIS), measured as  FY 1995 obligations by cost center.  This
assumes that obligations are an appropriate measure of the full cost of providing
services in a particular year.  All costs were allocated to those FAA lines of business
providing services to external customers.  The consumption of service by user type was
developed from FAA activity counts and other databases.

The full cost of services provided by FAA is allocated by the CAS to eleven
specific user types and to overflight aircraft.1  These allocations are based on the full
cost of all FAA services and include the direct cost of providing services plus an
allocation of indirect costs such as program support, administration and capital costs--
facilities and equipment (F&E), and research, engineering, and development (RE&D)--
which are referred to as common and fixed costs.  Direct costs were allocated to users
based on detailed activity data in conjunction with the estimated costs of producing
FAA services.  The CAS used an economic optimization technique known as Ramsey
Pricing to allocate common and fixed costs to users.
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Because there are significant common and fixed costs in the production of FAA
services, allocations based only on the incremental cost of service would result in a large
proportion of costs unallocated to users.   The method chosen to allocate these common
and fixed costs--Ramsey Pricing--produces the most economically efficient allocation of
costs to users.  It promotes the use of services by those willing to pay at least the
incremental costs of production.  It allocates common and fixed costs to those with the
highest willingness to pay.  If used for pricing, this assures that the quantity of service
delivered deviates least from the most efficient level.  In this way, it promotes the
maximum use of FAA services consistent with efficient resource allocation.  In addition,
because each user pays at least incremental production costs, there is no cross subsidy
among users.

Allocating FAA fixed and common costs among the users served by FAA via 
Ramsey Pricing allows explicit consideration to be given to the effects of the cost
allocation on user demand for these services.  This makes the Ramsey Pricing method
particularly appropriate for the allocation of FAA costs, since FAA services have never
been provided to users at prices related to FAA’s actual costs.  Other allocation
methods, such as fully distributed cost allocations and proportional markups over
incremental costs, do not consider (and are not designed to consider) the effects of cost
recovery on user behavior and on the demand for flights and FAA flight services. 
Because the use or non-use of FAA services have safety effects, it is especially important
that the method chosen for allocating FAA’s fixed and common costs takes user
behavior into account.

1.2 KEY ASSUMPTIONS OF THE STUDY

A number of important assumptions underlie the analyses conducted in the 1995
FAA Cost Allocation Study.  They are:

C Obligations Reflect the Full Annual Cost of FAA Services--FAA records
budget and spending items at various levels of detail (e.g., Budget
Authority, Obligations, Outlays, etc.) for what is both planned and
actually incurred in a fiscal year.  Obligations, which reflect firm
commitments to spend money, are tracked in DAFIS and represent the
best available measure of annual resource use.

C Annual Capital Investment Reflects Long-Term Needs--The CAS uses
FY 1995 F&E and RE&D obligations as the measure of annual investment
by FAA.  Implicit in this is the assumption that this amount is sufficient to
fund replacement of FAA facilities and equipment at the end of their
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useful life.  In addition, the observed distribution of F&E and RE&D
obligations among lines of business (LOBs) and activities over the FY 1993
to FY 1995 time period is assumed to reflect the distribution of long-term
investment needs.

C FAA Activity Measures Accurately Capture the Consumption of
Service--For the four broad user types (i.e., Air Carrier, Air
Taxi/Commuter, General Aviation, Military) existing FAA data on air
traffic activity represent the only data on the consumption of ATS
services.  FAA also tracks, to some degree, the units of service produced
by other LOBs.  Costs of service are estimated only for measured outputs.

C Unit Costs of Production Are Estimated by Facility, Service and User
Type for FY 1995--Differences among facilities of the same type such as
time of day, weather conditions, and congestion, are not explicitly
accounted for in the cost models.

C All Costs Are Allocated to Users--Users are allocated both the
incremental costs of producing specific services and a non-negative share
of common and fixed costs.  The air traffic control system operates as a
communications and information network and has significant fixed costs. 
Other costs are common because the level of cost does not vary with the
activity of a single user.  The 1995 CAS allocates the full cost of all FAA
services to the CAS user types, including public users, and overflights.  In
prior FAA cost allocations, a small proportion of costs was assumed to be
in the public interest and was allocated to the general taxpayer rather than
users. 

1.3 OVERVIEW OF THE COST ALLOCATION PROCESS

Figure 1-1 presents a schematic overview of the cost allocation process.  Costs
were first assigned to FAA lines of business and then adjusted to reflect that some FAA
lines of business produce services for other parts of FAA and not for external
customers.  The costs of producing these internal services were reassigned to those lines
of business that use these internal services in the course of delivering services to
external customers.  The assignment of FAA costs to LOBs was accomplished through
the use of a model that distributed costs in a hierarchically-arranged geographical
structure.  This Tier Model was based on FAA’s current efforts to develop costs for
specific services.  
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In itial Assignm ents to FAA
Lines of Business
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One Part of FAA for O ther Parts of FAA
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Activity Data
on Services
Produced

Figure 1-1

O VERVIEW  O F CO ST ALLOCATION PRO CESS

Once line of business costs were determined, unit costs of producing services
were estimated using statistical cost models and other analyses.  These models
estimated the cost of service for the broad user types using measures reflected in FAA
activity data.  However, for this study, additional subcategories of users were
established to examine cost allocation and recovery issues.  Eleven specific user types
and overflight aircraft were examined, using disaggregated data on aviation activity. 
This allowed distinctions to be drawn among the various types of air carrier activity,
such as domestic and international, passenger and cargo, scheduled and non-scheduled,
and so forth. 

1.4 DEVELOPING THE COST BASE

The CAS first assigned FAA FY 1995 obligations to five tiers, as depicted in
Figure 1-2.  Obligations were taken from the four components of the FAA budget--
operations; facilities and equipment (F&E); research engineering and development
(RE&D), and the airport improvement program (AIP)--and from the Department of
Transportation (DOT) budget where funds for General Services Administration (GSA)
rents are paid.  
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DOT

Figure 1-2

ASSIGNMENT OF FAA OBLIGATIONS TO THE TIER MODEL

TIER 1
NATIONAL PROGRAM 

SUPPORT

OPERATIONS

TIER 2
NATIONAL CENTERS

Tier 2A:  
 Aeronautical Center

Tier 2T:   
Technical Center

TIER 3
NATIONAL PROGRAMS

TIER 4
REGIONAL PROGRAMS

TIER 5
FIELD FACILITIES

RESEARCH,
ENGINEERING

AND 
DEVELOPMENT

FACILITIES
AND

EQUIPMENT

Note:  AIP obligations were assigned directly to the Airport Developm ent Line of 
Business.  OCST costs were not allocated to users. 

After the initial assignment to tiers, FAA costs were further distributed to lines of
business through an iterative process.  FAA has the following seven lines of business: 

C Air Traffic Services (ATS)--Provides air traffic control services, including
the maintenance of required facilities.  

C Aviation Regulation and Certification (AVR)--Ensures aviation safety by
establishing standards, certifying aviation organizations and airmen,
monitoring safety performance, and conducting aviation safety education
and research; the principal constituent organizations are Aircraft
Certification, Flight Standards, and Aviation Medicine.

C Civil Aviation Security (ACS)--Protects the traveling public, FAA
employees, facilities and equipment used in air transportation from
terrorism and other threats to commercial aviation through the oversight
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of air carrier and airport security programs, provision of air marshals and
intelligence activities.

C Airport Development (ARP)--Provides support and leadership to plan,
develop, maintain and fund a national system of airports in the U.S.,
including administration of the airport development grant program.

C Research and Acquisition (ARA)--Provides research and development
and acquisition for equipment, facilities and services used by other FAA
lines of business.

  
C Administration (AAD)--Provides administrative support to other lines of

business including a skilled workforce, compensation, physical
management and accountability, information services, facility and
material services, and general oversight and direction.

C Office of Commercial Space Transportation (OCST)--Provides
regulatory development and support for the civil space launch vehicle
industry.  

FAA costs were initially assigned to all FAA lines of business, but were subsequently
redistributed to those LOBs that provide services to external customers.  Costs for the
Research and Acquisition (ARA) and Administration (AAD) lines of business, which
support the external lines of business, were reassigned to the ATS, AVR, ACS and ARP
LOBs.  The Office of Commercial Space Transportation (OCST) and its costs were
removed from the cost allocation because this organization does not produce services
for the traditional user types considered in the allocation of FAA costs.  However, OCST
was first assigned a share of national program support costs.

Table 1-1 summarizes the distribution of FAA costs to lines of business.  The
table reflects the reallocation to external users of FAA LOB services which are provided
to FAA internal customers.  The ATS LOB costs are about $6.3 billion or approximately
73 percent of FAA costs.  Most of the Airport Development LOB costs of $1.5 billion are
for grants to airports; overall this LOB accounts for 17.5 percent of FAA costs.  AVR
LOB costs of $695.7 million represent 8.0 percent of total costs.  The Aviation Security
LOB has costs of $115.8 million, which represent 1.3 percent of total FAA costs.



Executive Summary 1-7

FAA FY 1995 Cost Allocation Study
March 19, 1997

Table 1-1

DISTRIBUTION OF FAA COSTS TO LINES OF BUSINESS
FY 1995 ($Millions)

Air Traffic
Services

Aviation
Regulation &
Certification

Civil
Aviation
Security

Airport 
Development

Commercial
Space TOTAL

TIER 1 - NATIONAL
PROGRAM SUPPORT $281.5 $57.1 $17.8 $7.8 $1.7 $365.9

TIER 2A - AERONAUTICAL
CENTER 358.9 152.2 2.5 1.5 - 515.1

TIER 2T - TECHNICAL
CENTER 181.5 55.7 40.1 - - 277.3

TIER 3 - NATIONAL
PROGRAMS 1,779.9 94.2 24.6 18.2 5.9 1,922.8

TIER 4 - REGIONAL
PROGRAMS 802.0 90.2 22.0 24.5 - 938.7

TIER 5 - FIELD FACILITIES 2,938.0 255.5 27.0 13.3 - 3,233.8

     TIER Sub-Total
     LOB Reallocations

6,341.8
-

704.8
(9.2)

134.0
(18.3)

65.2
-

7.6
-

7,253.4
(27.5)

AIRPORT IMPROVEMENT
PROGRAM GRANTS - - - 1,450.1 - 1,450.1

LINE OF BUSINESS
ALLOCATIONS $6,341.8 $695.7 $115.7 $1,515.3 $7.6 $8,676.1

1.5 ALLOCATION OF FAA COSTS TO USERS

The FAA costs allocated to users in the CAS are comprised of the following types
of costs:

C Direct costs of non-ATS services produced and used to provide services to
CAS users;

C Allocation of non-ATS common and fixed costs;
C Incremental costs of ATS services consumed; and,
C Allocation of ATS common and fixed costs.

Costs for the ATS line of business were treated separately from the costs of non-
ATS LOBs because the production process for air traffic services is different.  Each ATS
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facility type produces a relatively small number of outputs, and it is possible to develop
econometric cost of service models for the various ATS facility types.  Non-ATS lines of
business, on the other hand, produce diverse outputs or provide services, such as
airport grants, which are not amenable to analysis through cost of service models.

1.5.1 Allocation of Incremental and Direct Costs

The CAS used data on the types of services produced and the users that consume
these services, as reported in FAA data systems, to assign costs to individual user
categories.  FAA activity statistics and cost data for each FAA line of business were used
to estimate the incremental cost of producing additional services.  These data also were
used to determine which costs are common and fixed among the FAA services. 

FAA records the various services consumed at each ATS facility type for four
user types:  air carrier, air taxi/commuter, general aviation and military.  Econometric
cost of service models were developed for each facility type using data on the level of
services produced and the costs incurred at each site.  The cost of service models
examined whether the unit cost of service varied by user type and/or by the type of
service produced.  In addition, the ATS cost of service models examined whether input
cost differences (such as the grade level of staff at the facility, the level of the facility
itself, whether it was located in Alaska, or was part of an incentive pay program)
affected the unit cost of services.  A total of eight linear regression models were
estimated to relate site costs to activity.  Those estimates of incremental costs for ATS
services were used to allocate the direct costs of ATS services to users.  The cost of
service models also identified fixed ATS costs.  The incremental costs of ATS services
that could not be allocated to individual ATS facilities were classified as common costs.2

The Regulation and Certification line of business maintains activity databases
such as the Performance Tracking and Reporting System (PTRS) for Flight Standards,
Completed Work Reports for Aircraft Certification, and program activity data
maintained by Aviation Medicine.  The Aviation Security and Airports programs also
maintain activity data for their lines of business.  For the non-ATS LOBs, these activity
data were used to allocate direct costs to users.  Direct costs for the non-ATS LOBs that
could not be allocated to CAS users were classified as common or fixed costs.  The CAS
has been structured to assign costs to the eleven CAS user types and overflights--all air
operators--for comparability with prior studies.  It is also possible to use data developed
in the CAS to assign FAA costs to services consumed by non-CAS users such as aircraft
manufacturers, airports and so forth.
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Ramsey Pricing is a method of allocating common and fixed costs to the users of a service.  It is
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1.5.2 Allocation of Common and Fixed Costs

The CAS used Ramsey Pricing to allocate FAA’s common and fixed costs to
users.3  Ramsey Pricing was applied by varying the amount of common and fixed costs
allocated to a user type based on the likely impact of such a cost change on user
behavior.  Users whose demand for service is more (less) sensitive to cost changes were
allocated a proportionally smaller (larger) amount of common and fixed costs.

The use of the Ramsey-based optimization to allocate FAA fixed and common
costs required estimates of user demand for air traffic services for each user type.  These
estimates, in turn, depended on the overall demand for flights (not just FAA services)
for each user type, the operating cost of flights for each user type, and the incremental
cost of each user type’s ATS services.  For a given user type, a flight of the same aircraft
over the same distance which used the same services would bear exactly the same
amount of common and fixed costs.4  Because of the large safety component inherent in
FAA flight and non-flight services, the “bundle” of FAA services consumed by a user
type during a typical flight is treated as an essential input to the flight. 

The Ramsey optimization, which considers the effect on user behavior of an
allocation of costs, is especially appropriate for allocating costs to users who historically
have not been required to pay directly for their use of FAA services.  Other more
traditional cost allocation techniques have been justifiably criticized as simplistic and
arbitrary when applied to circumstances in which prices for services or products
already exist.  The inherent limitations of these techniques would be magnified further
if they were applied to the allocation of costs in a circumstance when no historical price
information exists at all.

1.5.3 Final Allocation of FAA Costs to Users

The final allocation of FAA costs to users reflects the incremental costs imposed
on FAA by a user group and the common and fixed costs allocated to the user group by
the Ramsey optimization.  This allocation is presented in Table 1-2.  Commercial users
were allocated $7.0 billion of the $8.6 billion in total costs.  Among the commercial
users, about two-thirds of the costs are allocated to domestic scheduled jet passenger air
carriers.  All-cargo and commuter air carriers have the next largest allocations of cost
among commercial users.  General aviation users are allocated about $1.0 billion of FAA
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costs.  Public users, including the military services and all levels of government, account
for about $570 million of total costs.  Overflight activity is allocated about $90 million in
costs.

Table 1-2

ALLOCATION OF FAA COSTS BY LINE OF BUSINESS AND USER TYPE
FY 1995 ($Millions)

ATS  TOTAL AVR  TOTAL
SECURITY 

TOTAL
AIRPORT

TOTAL

TOTAL
ALLOCATION BY

USER TYPE

Domestic Jet
Charter
All Cargo
International
Commuter
Air Taxi
   Commercial
Users

GA Piston
GA Turbine
Rotor
   GA Users

Military
Other Public
   Public Users

Overflights
   
TOTAL COSTS

$3,130.8
111.9
596.4
355.3
515.9

     187.1
4,897.3

295.7
464.6

    37.3
797.5

497.0
    25.4
522.5

89.7

$6,307.0

$393.8
14.8
77.3
53.6
45.0

    56.1
640.6

28.7
5.9

    6.8
41.5

12.9
    0.7
13.6

0.0

$695.7

$88.8
2.9

0
17.2

6.8
         0
115.8

0.0
0.0

  0.0
0.0

0.0
  0.0
0.0

0.0

$115.8

$1,002.8
18.0
56.9

100.4
105.9

       27.4
1,311.5

122.6
43.8

      1.2
167.6

19.9
  16.3
36.3

0.0

$1,515.3

$4,616.2
147.6
730.6
526.6
673.6

     270.6
6,965.1

447.0
514.4

    45.3
1,006.6

529.9
   42.4
572.3

89.7

$8,633.8

Note: The ATS and total allocations exclude approximately $35 million in flight inspection costs at non-      
           FAA facilities.
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2.0  OVERVIEW OF THE 1995 COST ALLOCATION STUDY

2.1 INTRODUCTION

This study was prepared by GRA, Incorporated for the FAA’s Office of Aviation
Policy and Plans under Work Order 25 of Contract No. DTFA01-93-C-00066.  The major
assumptions which underlie the study were reviewed with the sponsoring organization
and FAA’s Finance Working Group.

2.2  STUDY OBJECTIVES

The 1995 Cost Allocation Study (CAS) is intended to provide a base of
information for the establishment of user fees and/or aviation taxes to finance the
Federal Aviation Administration’s (FAA) programs.  Prior FAA cost allocation studies
have been used as references to support the authorization of taxes which were paid into
the Airport and Airway Trust Fund to finance all of FAA's capital programs and a
portion of its operating budget.  In addition to potential reauthorization of aviation
taxes, there have been a number of proposals to change the manner in which FAA is
financed.  Data from the CAS can be used to examine the feasibility of alternative
financing mechanisms and their impact on the relative share of FAA's costs borne by
various types of aviation taxes, potential fees for service, and the general taxpayer.  In
addition, the CAS provides detailed data on both the costs of producing FAA services
and on the users of these services.

2.3 BACKGROUND

FAA has conducted cost allocation studies periodically to help evaluate U.S.
aviation taxes and FAA programs.  Before the Airport and Airway Revenue Act of 1970
established the Airport and Airway Trust Fund, several in-house cost allocation studies
were performed by FAA.  Formal cost allocation studies were undertaken in 1973 and
1978.  In 1985, FAA conducted its last full cost allocation study.  FAA updated the 1985
study in 1991 and a contractor conducted a further update in 1993.  Some of the data
sources used in the 1995 CAS were unavailable during previous studies.

Table 2-1 compares the FY 1995 CAS’s allocation of FAA costs to user groups
with the results of prior studies.  In general, the air carrier share of FAA program costs
has been increasing over time, while general aviation (GA) and the public sector shares
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Figure 2-1 
TRENDS IN TOTAL AIRCRAFT OPERATIONS
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have been decreasing.  In part, these changes are due to shifts in aviation activity among
user groups.  During the period from 1972 to 1995, there was a significant change in the
relative distribution of operations by various users, as shown in Figure 
2-1.  The number of commercial operations almost doubled during the period, while
GA and military aviation activity decreased.  Air taxi users were considered part of
general aviation in prior studies but are included with air carriers in the current study.

Table 2-1  
SUMMARY COMPARISON OF COST ALLOCATION RESULTS

Percentage Allocation By General User Group

1995 1991 1985 1978 1973

Air Carrier
General Aviation
Public Sector
Overflights

81
12
 7
  1

62
26
12
-

60
27
13
-

58
27
15
-

50
30
20
-

  Note:  Overflights were not considered in FAA cost allocation studies prior to 1995.  In 1991 and prior   
             studies, Air Taxi users were considered part of General Aviation.  In the 1995 CAS study, they
are               included with Air Carriers.  Air Taxi users accounted for three percent of total costs.

Source: “FAA Aviation Forecasts,” various years.  Air Taxi and Commuter are included with Air Carrier
activity.  Military and General Aviation include both local and itinerant operations.  FY 1995 data are
estimates; 1972 = 100.
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The 1995 study also allocated some costs (one percent) to overflights of U.S. airspace.

2
The Ramsey allocation of common and fixed costs is the allocation that results in the least

divergence from economically efficient levels of demand.
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There also have been changes in cost allocation methods, particularly since 1985.   The
1985 study explicitly assigned some costs to the public interest such as costs at air traffic
facilities whose operations were not justified by FAA establishment criteria.  These costs
were allocated to the general taxpayer.  This was not done in the 1995 study.  In the 1995
study, most AIP grants are allocated to users based on the legislative requirements
governing these grants.  In prior studies, airport grants were allocated to the users of
airport activity funded by the grant.  Although the 1985 study also used Ramsey Pricing
principles for the allocation of costs, the 1995 CAS applied the Ramsey Pricing approach
for allocating the common and fixed costs of all FAA services, rather than for individual
services.1  In addition, the 1985 study held the quantity of services constant for each
user; the 1995 CAS allowed for change in the quantity of services demanded by each
user, based on alternative allocations of common and fixed costs.2

2.4 SUMMARY OF THE COST ALLOCATION PROCESS 

FAA’s spending comes from four major appropriations:

C Operations;
C Facilities and Equipment (F&E);
C Research, Engineering and Development (RE&D);
C Airport Improvement Program (AIP).

This study includes spending from all four sources and allocates the cost of FAA
services provided to eleven specific user types and to overflight aircraft.  (FAA costs
also include General Service Administration (GSA) rents which are funded by the
Airport and Airway Trust Fund, but are paid for from the Department of
Transportation (DOT) budget instead of FAA’s budget.)  These allocations are based on
the full cost of all FAA services, including the incremental cost of providing services,
the direct cost of producing non-ATS services, and an allocation of program support,
administration and capital costs (F&E and RE&D), which are referred to as common
and fixed costs.  FAA costs were developed from the Departmental Accounting
Financial Information System (DAFIS).  These were measured as FY 1995 obligations by
cost center, assuming that obligations are an appropriate measure of the full cost of
providing services in a particular year.  The consumption of services by user type and
overflights was developed from FAA activity data.
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Figure 2-2 presents a schematic overview of the cost allocation process.  Costs
were first assigned to FAA lines of business (LOBs) and then adjusted to reflect that
some FAA lines of business produce services for other parts of FAA and not for external
customers.3  The costs of producing these internal services were reassigned to those
LOBs that do deliver services to external customers.  Once final LOB costs were
determined, unit costs of services were estimated, using statistical cost models and
other analyses.  These models estimated the cost of producing air traffic services for the
broad user groups (air carrier, air taxi/commuter, general aviation and military)
reflected in FAA activity data.

In order to examine issues of cost allocation and recovery for the eleven CAS
user types and overflights, it was necessary to use disaggregated data on aviation
activity.  This allowed distinctions to be drawn among the various types of air carrier
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activity, such as domestic and international, passenger and cargo, scheduled and non-
scheduled, and so forth.  The final allocation of costs to users was based on detailed
activity data in conjunction with the estimated unit costs of producing FAA services. 
Users were also allocated a share of any common or fixed costs of production.

2.4.1 FAA Lines of Business Costs

As noted above, the CAS first assigned costs to FAA lines of business.  FAA has
the following seven lines of business:

C Air Traffic Services (ATS)-Provides air traffic control services, including
the maintenance of required facilities.  

C Aviation Regulation and Certification (AVR)--Ensures aviation safety by
establishing standards, certifying aviation organizations and airmen,
monitoring safety performance, and conducting aviation safety education
and research; the principal constituent organizations are Aircraft
Certification, Flight Standards, and Aviation Medicine.

C Civil Aviation Security (ACS)--Protects the traveling public, FAA
employees, and facilities and equipment used in air transportation from
terrorism and other threats to commercial aviation through the oversight
of air carrier and airport security programs, provision of air marshals and
intelligence activities.

C Airport Development (ARP)--Provides support and leadership to plan,
develop, maintain and fund a national system of airports in the U.S.,
including administration of the airport development grant program.

C Research and Acquisition (ARA)--Provides research and development
for  and acquisition of equipment, facilities and services used by other
FAA lines of business.

  
C Administration (AAD)--Provides administrative support to other lines of

business including a skilled workforce, compensation, physical
management and accountability, information services, facility and
material services, and general oversight and direction.

C Office of Commercial Space Transportation (OCST)--Provides
regulatory development and support for the civil space launch vehicle
industry.  
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FAA costs were initially assigned to all FAA lines of business.  However, the
costs assigned to the Research and Acquisition and Administration LOBs, which
support the other LOBs, were reassigned to Air Traffic Services, Aviation Regulation
and Certification, Civil Aviation Security and Airport Development.  The Office of
Commercial Space Transportation and its costs were removed from the cost base in this
study because this organization does not produce services for the traditional user types
considered in the allocation of FAA costs.  However, OCST was assigned a share of 
national program support costs prior to being excluded from the cost base.  

2.4.2  Allocation of Costs from Lines of Business to Users of Services

The cost allocation study utilized data on the types of services produced and the
users that consume these services (as reported in FAA data systems) to allocate line of
business costs to individual users.  FAA activity statistics and cost data for each FAA
line of business were used to estimate the incremental cost of producing additional
services.  These data also were used to determine which costs were fixed and common
among the producers of FAA services.  

Different data are available on the consumption of FAA services for each line of
business.  The Air Traffic Services LOB maintains detailed activity data.  FAA records
the various services consumed at each facility type for four user groups:  air carrier, air
taxi/commuter, general aviation and military (hereafter referred to as FAA user
groups).  Econometric cost of service models were developed for each facility type
using data on the level of services produced and the costs incurred at each site.  The cost
of service models examined whether the unit cost of service varied by user type and/or
by the type of service produced.  In addition, the cost of service models examined
whether input cost differences (such as the grade level of staff at the facility) affected
the cost of services.

The Aviation Regulation and Certification LOB maintains activity databases such
as the Performance Tracking and Reporting System for Flight Standards, Completed
Work Reports for Aircraft Certification, and program activity data maintained by the
Office of Aviation Medicine.  The Civil Aviation Security and Airport Development
LOBs also maintain data on costs and services delivered.

2.4.3 Cost Concepts

A number of cost concepts are germane to the FAA cost allocation process, which
can be better understood if these terms are clearly defined.  These include the following:
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C Incremental/Marginal/Variable Costs--Costs that change with the level of
output produced;

C Fixed Costs--Costs that do not change with the level of output produced;

C Common Costs--Costs which relate to more than one product line or
service;

C Direct/Separable Costs--Costs related to only one kind of output or user;

C Stand Alone Costs--The level of cost to produce a service for a user that
was the only consumer of the service.

More complete definitions of these and certain other cost concepts are contained in
Appendix A.  The definitions of cost categories are those in common use; however,
there is not universal agreement on the definition of these cost concepts and how they
should be measured.

2.5 COST ALLOCATION STUDY USER TYPES 

Many users including aircraft operators, aircraft manufacturers, air agencies,
pilots, mechanics and others consume FAA services.  For purposes of cost allocation,
FAA traditionally has looked at activity by aircraft operators, perhaps because air traffic
control accounts for such a large part of FAA expenditures.  In prior cost allocation
studies the four FAA user groups--air carrier, air taxi/commuter, general aviation and
military--were the principal focus of the analysis.  For this study, however, additional
subcategories were established to examine cost allocation and recovery levels for
specific aviation taxes paid in FY 1995.  To facilitate comparisons with prior studies and
to understand how user cost responsibility has changed over time, the following user
categories and types are employed in this study:

C Commercial Users--These users are comprised of air carriers and air
taxi/commuter operators which provide passenger or cargo air
transportation on a for-hire basis:

S Domestic Jet--Scheduled service within the United States,
including Alaska and Hawaii, or to or from the exclusion zones
within Canada or Mexico, using turbojet aircraft with more than 56
seats and turboprop aircraft with more than 75 seats.  Activity for
this user type was identified principally through the use of
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schedule T-100 service segment data filed with the Department of
Transportation (DOT) and Official Airline Guide (OAG) data on
scheduled airline flights.  In FY 1995, these flights paid the 10
percent passenger ticket tax.  During FY 1995, flights to Alaska and
Hawaii paid the ticket tax for that part of the flight over the U.S.
and also the international departure tax in both directions.  If these
flights carried belly cargo, they also paid the 6.25 percent flight
waybill tax in FY 1995.

S Charter--Unscheduled passenger service within the U.S., including
Alaska and Hawaii, or to or from the exclusion zones within
Canada or Mexico, using turbojet aircraft with more than 56 seats
and turboprop aircraft with more than 75 seats.  T-100 was the
principal data source used to identify these flights.  Domestic
passenger charter flights paid the same taxes as domestic jet flights
in FY 1995.

S All-Cargo--Any domestic or international flight by an all-cargo
aircraft.  It includes scheduled and non-scheduled all-cargo air
carrier, commuter, and air taxi flights, but excludes flights which
carry cargo in passenger or combination service.  The principal data
sources used to identify these flights were T-100 and Enhanced
Traffic Management System (ETMS) records of flights.  It should be
noted that all-cargo carriers are exempted from reporting
requirements by DOT for domestic services.  As a result, carriers
were initially identified from DOT Form 41 data, and flight activity
(including origin, destination and aircraft type) was obtained from
ETMS data.  In FY 1995, domestic cargo flights paid the 6.25 percent
waybill tax.  International cargo flights did not pay any aviation
taxes in FY 1995.  The principal source to identify international all-
cargo flights was T-100 data.

S International--All scheduled and non-scheduled passenger flights
to and from the U.S. except those to or from the exclusion zones
within Canada and Mexico.  These flights were identified from 
T-100, OAG and ETMS data.  International departures paid a $6-
per-passenger tax in FY 1995.

S Commuter--Scheduled passenger service within the U.S. using jet
aircraft with less than 56 passenger seats or turboprop aircraft with
less than 75 passenger seats.  Commuter flights were identified
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through the use of schedule T-1 data on flights operated, filed with
DOT by commuter air carriers, and from T-100, OAG and ETMS
data.  Domestic passenger commuter flights paid the 10 percent
passenger ticket tax in FY 1995.

S Air Taxi--On-demand unscheduled passenger service with aircraft
having less than 30 passenger seats.  These flights were identified
from ETMS data and the General Aviation and Air Taxi Activity
and Avionics Survey (GA Survey).  Some air taxi activity is cargo
service; passenger air taxi use was developed from cargo activity
using information in the Vital Information Subsystem (VITALS)
maintained by FAA Flight Standards.  Passenger air taxi flights
paid the 10 percent ticket tax in FY 1995.  (Certain air taxi flights in
aircraft with a gross weight under 6,000 pounds paid the GA fuel
tax instead of the passenger ticket tax; it was not possible to
account for this.)  In prior FAA Cost Allocation studies, air taxi
users were included with general aviation.  This study included
them with air carriers because many of them now pay the
Passenger Ticket Tax or the Freight Waybill Tax.

C General Aviation Users--These users do not provide passenger or cargo
transportation for hire, although they may be compensated for services
such as aerial application, aerial observation and so forth.

S General Aviation Piston--Piston engine airplanes used in other-
than air carrier, commuter or air taxi service.  Includes agricultural
and other uses as identified in the GA Survey and the General
Aviation Pilot and Aircraft Activity Survey (CAP Survey).  Flight
origins/destinations and aircraft types for instrument flight rules
(IFR) users were determined from ETMS.  Piston engine airplanes
paid a 15 cent per gallon fuel tax in FY 1995. 

S General Aviation Turbine--Both turboprop and turbojet aircraft
used in other than air carrier, commuter or air taxi service.  Data on
use of the IFR system--including origin, destination, aircraft type
and airspace transited--were obtained from ETMS data.  Data on
the overall level of flight activity by turbine engine airplanes were
obtained from the GA Survey.  Turbine engine airplanes paid a 17.5
cent per gallon fuel tax in FY 1995.
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S Rotorcraft--Includes all rotorcraft except those used in air taxi
service.  Data on activity were obtained from the GA Survey. 
Rotorcraft paid fuel taxes in FY 1995 depending on the type of fuel
they used (aviation gasoline or turbine fuel).

C Public Users--Aircraft operated by all levels of government and the
military services of the U.S. and other countries:

S Military--U.S. and foreign military flights as identified from air
traffic activity counts and ETMS data.

S Other Public--The use of air traffic services by aircraft operated by
elements of the U.S. Government, state and local government and
foreign governments were identified from ETMS data.  In addition,
data on aggregate public user aircraft activity were obtained from a
tabulation of the data underlying the GA Survey.  Specific public
operators were identified by using information from the VITALS
data which lists certificated public operators.

C Overflights--Defined as aircraft that do not take off or land in the U.S., but
transit U.S. airspace.  These flights include air carrier, commuter/air taxi,
general aviation, military and other public users. 

Even though allocations are presented only for air operators, it is possible to develop
costs for other user types.  In many cases these costs are considered common costs
among air operators.

2.6 KEY ASSUMPTIONS OF THE STUDY

A number of important assumptions underlie the analyses conducted in the 1995
FAA Cost Allocation Study.  They are:

C Obligations Reflect the Full Annual Cost of FAA Services--FAA records
budget and spending at various levels of detail (e.g., Budget Authority,
Obligations, Outlays, etc.) for what is both planned and actually incurred
in a fiscal year.  Obligations, which reflect firm commitments to spend
money, are tracked in DAFIS and represent the best available measure of
annual resource use.
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C Annual Capital Investment Reflects Long-Term Needs--The CAS uses
FY 1995 F&E and RE&D obligations as the measure of annual investment
by FAA.  Implicit in this is the assumption that this amount is sufficient to
fund replacement of FAA facilities and equipment at the end of their
useful life.  In addition, the observed distribution of F&E and RE&D
obligations among lines of business and activities over the FY 1993 to 
FY 1995 time period is assumed to be reflective of long-term investment
needs.

C FAA Activity Measures Accurately Capture the Consumption of
Service--For the four broad user types, existing FAA data on air traffic
activity represent the only data on the consumption of ATS services.  FAA
also tracks, to some degree, the units of service produced by other LOBs. 
Costs of service are estimated only for measured outputs.

C Unit Costs of Production Are Estimated by Facility, Service and User
Type for FY 1995--Differences by facility, time of day, weather conditions,
and congestion are not explicitly accounted for in the cost models.

C All Costs Are Allocated to Users--The 1995 CAS allocates the full cost of
all FAA services to the CAS user types, including public users, and
overflights.  In the 1985 study, a small proportion of costs were assumed
to be in the public interest.

C Users Are To Be Assigned the Full Cost of Service--Users are allocated
both the incremental and direct costs of producing specific services and a
share of common and fixed costs.  The air traffic control system operates
as a communications and information network and has significant fixed
costs.  Other costs are common because the level of cost does not vary
with the activity of a single user.

In addition to the above, a number of detailed assumptions were made about cost
responsibility and the use of FAA services.  These are discussed in subsequent sections. 

2.7 ORGANIZATION OF THIS REPORT

The remainder of this report describes the processes used to develop and allocate
FAA costs.  Section 3.0 describes the measurement of FAA lines of business costs. 
Section 4.0 discusses the allocation of non-ATS lines of business costs to users and
identifies their common and fixed costs.  Section 5.0 describes the development of cost
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of service models for the ATS line of business that relate costs to outputs for each type
of FAA facility and identify ATS common and fixed costs.  Finally, Section 6.0 explains
the allocation of the incremental costs of ATS services to the eleven user types and
overflights, as well as the allocation of ATS and non-ATS common and fixed costs to
users.  Appendix A provides definitions of cost concepts used in the study and
Appendix B contains the report’s bibliography.  Technical Supplements A and B
describe Ramsey Pricing and its implementation in this study, and present the results of
the regression models tested in developing the ATS cost of service models, respectively.
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3.0     MEASUREMENT OF FAA LINES OF BUSINESS COSTS

3.1 INTRODUCTION

The cost allocation study assigns costs to FAA lines of business to facilitate
measurement of the cost of producing FAA services.  The CAS uses a two-step process
to develop these LOB costs.  The first is the assignment of costs to activity centers in
tiers that model the actual operation of the FAA.  Once costs are distributed to the tiers,
they are further distributed to lines of business through an iterative process.  Each step
is discussed below.

3.2 ASSIGNMENT OF FAA BUDGET OBLIGATIONS TO THE TIER MODEL

The FAA Tier Model was developed to present a hierarchically-arranged,
geographical organization of FAA’s costs.1  The tier structure facilitates the assignment
of DAFIS cost center data to lines of business and ATS field sites.  The structure of the
Tier Model is based on an assignment of FY 1995 obligations to activity centers in the
following five tiers:

C Tier 1:  National Program Support--Generally the costs incurred to
operate FAA's headquarters in Washington, DC and other national
programs.  For example, procurement, administrative oversight and
policy direction are treated as Tier 1 costs.

C Tier 2:  National Centers--Operations, Facilities and Equipment and
Research, Engineering and Development costs associated with the FAA
Aeronautical Center (Tier 2A) and the Technical Center (Tier 2T).  

C Tier 3:  National Programs--Operations, F&E, RE&D and other costs
incurred to support FAA programs at the national level.

C Tier 4: Regional Programs--Operations, F&E and other costs incurred to
support FAA programs at the regional level.
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C Tier 5:  Field Sites--Operations and other costs incurred to support FAA
programs at individual facilities. 

Tier 1's national program support costs are distributed to all FAA activities. 
Costs from Tier 2 are applied to specific parts of FAA that use the services of either the
Aeronautical or Technical Center.  Tier 2A includes the FAA Academy, the FAA
Logistics Center, the Civil Aviation Registry and so forth.  Tier 2T includes RE&D
programs at the Technical Center.  Major facilities and equipment programs are divided
between Tier 3 and Tier 4, depending on whether they are national or regional in scope. 
Costs in Tier 5 are assigned directly to FAA field sites.

The FAA budget is divided into four major components:  Operations; Facilities
and Equipment (F&E); Research, Engineering and Development (RE&D); and the
Airport Improvement Program.  Table 3-1 presents FY 1995 obligations for each budget
category and identifies the sources of this information.  Total obligations include GSA
rent, which is a cost for FAA facilities paid for through the Department of
Transportation budget, and the costs of the Office of Commercial Space Transportation. 
As can be seen, FAA costs totaled $8.7 billion in FY 1995, with Operations accounting
for over one-half of total obligations.  

FAA obligations for the first three budget categories and GSA rental costs were
assigned to appropriate tiers.  These assignments were based on a review of DAFIS
program element and cost center codes.  AIP obligations, which consist entirely of
airport and other grants, were assigned directly to the Airport Development LOB. 
Costs for OCST were not allocated to users.  The assignment of FY 1995 obligations to
the Tier Model is shown in Figure 3-1. 

3.2.1 Operations 

Operations costs were derived from DAFIS obligations data.  DAFIS program
elements usually reflect distinct FAA functions.  For example, the Air Traffic program 
element is “100” and within that classification, en route centers, terminal facilities and
flight service stations are “110”, “120” and “130”, respectively.  Within program
elements, cost centers generally reflect individual organizational units (e.g., each en
route center is a unique cost center).  Activity centers in each tier are built up by
aggregating cost centers from the operations obligations.
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Table 3-1

FAA FY 1995 OBLIGATIONS BY BUDGET CATEGORY
($Millions)

BUDGET CATEGORY OBLIGATIONS SOURCE OF INFORMATION

OPERATIONS

FACILITIES & EQUIPMENT

RESEARCH, ENGINEERING
& DEVELOPMENT 

AIRPORT IMPROVEMENT
PROGRAM

GSA RENTAL

OCST

TOTAL OBLIGATIONS

$4,573

$2,345

$263

$1,450

$39

$6

$8,676

FY Obligations from FAA
Departmental Accounting
& Financial Information System 

FY Obligations by F&E
program, compiled by FAA
Budget Office

FY Obligations by RE&D
program, compiled by FAA NAS
Program Management

FY Obligations by grant,
compiled by Airports Office

Rental for FAA facilities paid 
through DOT budget

Activity transferred to FAA from
DOT

3.2.2 Facilities and Equipment 

Facilities and Equipment obligations were also assigned to activity centers in the
five tiers.  However, a different process was followed to identify F&E obligations by
activity center.  FAA’s Budget Office tracks F&E program authorizations, obligations
and outlays by F&E program number.  Because F&E program spending authority is
multi-year, FY 1995 obligations represent current year spending of multi-year
authorizations (as well as any new authorizations).  Thus, total F&E program
obligations in FY 1995 include not only the obligation of funds authorized in FY 1995,
but also those authorized in prior years.
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Annual F&E program obligations were developed by subtracting current year
cumulative obligations from cumulative obligations in the previous year for each
program.  Because program codes for on-going projects sometimes change over time, in
some cases similar F&E programs with different program numbers were consolidated.2  
Once this was accomplished, each consolidated program was evaluated on the basis of
its function and assigned to appropriate ATS and non-ATS classifications.  ATS-related
program obligations were divided into primary ATS environments (en route, terminal
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or flight service); navigation programs that cannot be separated into either the en route
or terminal environment; common programs that cannot be directly associated with any
environment; and logistics.  Examples of ATS-related F&E programs include:

C En Route programs such as advanced automation, Air Route Surveillance
Radars (ARSRs), Voice Switching and Control System (VSCS), Oceanic
Display and Processor System (ODAPS) and so forth;

C Terminal programs such as the Airport Surveillance Radar (ASR) along
with terminal establishment/upgrades, Instrument Landing Systems
(ILS), and so forth;

C Flight Service programs such as FSS modernization, Direct User Access
Terminal System (DUATS), and so forth;

C Navigation programs such as those that may be associated with either the
en route or terminal environment, such as the Very High Frequency
Omni-directional range (VOR) network and the Wide Area Augmentation
System (WAAS) for the Global Positioning System;

C Common ATS programs include weather programs such as the Next
Generation Weather Radar (NEXRAD), Aeronautical Data Link (ADL),
technical services support contracts, training, and so forth;

C Logistics programs were totaled separately and applied to the build-up
and allocation of Logistics Center costs at the FAA Aeronautical Center.

The principal non-ATS F&E programs include the Aircraft Program, automation
programs for Aviation Regulation and Certification data systems, the Aeronautical and
Technical Center leases, Civil Aviation Registry automation, Civil Aeromedical Institute
facilities, Civil Aviation Security facilities, and others.

Because of the multi-year nature of F&E programs, however, the distribution of
single-year obligations may not correspond well with the long-term distribution of
annual capital consumption.  Both the magnitude of costs and their distribution among
ATS and non-ATS classifications (which would affect the estimation of the costs of
providing different FAA products and services) may vary significantly from year-to-
year.  Therefore, a three-year average of F&E obligations was used to distribute costs to
programs.  Obligations by program were calculated for FY 1993 and FY 1994 in addition
to the previously calculated FY 1995 obligations, and the obligations for the three years
were averaged.  The final classification of obligations to ATS and non-ATS programs
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was determined by apportioning the total FY 1995 obligations amount to individual
programs based on the three-year average proportions.  These distributions are
summarized in Table 3-2.  The ATS-related programs accounted for $2.1 billion of the
total FY 1995 F&E obligations of $2.3 billion, or about 93 percent of the total.

Table 3-2

ESTIMATED DISTRIBUTION OF F&E CONSOLIDATED PROGRAMS
FY 1993-1995 ($Thousands)

Average Annual
Obligations

FY 1993-1995
ATS-Related Programs 

En Route Primary ATS environment $836,448
Terminal Primary ATS environment 553,614
Flight Service Primary ATS environment 27,615
Navigation En Route and Terminal ATS environments 51,620
Common Distributed among primary ATS environments 644,483
Logistics Logistics Center 56,928

Subtotal 2,170,708

Non-ATS Programs 
Regulation & Certification Automation programs supporting AVR data system 19,066
Aircraft Program Fleet modernization & aircraft equipment 75,813
Civil Aviation Registry Automation programs supporting Registry 5,425
CAMI Facilities supporting CAMI 212
Civil Aviation Security Facilities supporting ACS LOB 3,026
Non-ATS Project CORN, National Aviation Data Center, etc. 37,026
Aeronautical Center Center lease 18,068
Technical Center Center lease and buildings 15,551

Subtotal 174,187

Total F&E Obligations, All  Programs $2,344,895
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3.2.3 Research, Engineering and Development 

Funding for Research, Engineering and Development programs is also multi-
year.  Once the expenditure of RE&D funds is authorized, there is no time limit for its
expenditure; therefore, obligations made in any single year may be comprised of funds
from the current year, but also those from prior years.  FY 1995 obligations by RE&D
program were obtained from an FAA report compiled by National Airspace System
(NAS) Program Management.  As with the F&E program, RE&D obligations for FY 1993
and FY 1994 were combined with FY 1995 and a three-year average was calculated. 
Actual FY 1995 obligations were then applied to that average distribution to calculate
FY 1995 obligations by program.  These classifications are summarized in Table 3-3. 
ATS-related programs included $128.5 million of the FY 1995 RE&D obligations of
$262.7 million, or about 49 percent of the total.

Table 3-3

ESTIMATED DISTRIBUTION OF RE&D PROGRAMS
FY 1995 ($Thousands)

Program Classification
Average Annual Obligations

FY 1993 - 1995

General Aeronautical Research $5,724

Air Traffic Services 128,474

Aviation, Regulation and Certification 51,104

Aviation Medicine 31,329

Civil Aviation Security 38,056

Airport Development 8,010

Total RE&D Obligations, All Programs $262,697

3.2.4 Airport Improvement Program Grants

Each year FAA makes grants to airports to improve facilities and equipment and
for other purposes.  The Airport and Airway Improvement Act of 1982 outlines the
criteria for awarding AIP grants to airports.  To be eligible for a grant, an airport must
be publicly owned, privately owned but designated by the FAA as a reliever airport, or
privately owned but with scheduled service of at least 10,000 annual enplanements. 
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The airport must also be included in the National Plan of Integrated Airport Systems
(NPIAS).  The 1982 Act defines several categories of eligible airports:

C Primary Airports--Commercial service airports that enplane more than
10,000 passengers annually;

C Commercial Service Airports--Publicly-owned airports that enplane 2,500
or more passengers annually and receive scheduled passenger airline
service;

C Reliever Airports--Airports designated by FAA as having the function of
relieving congestion at commercial service airports and providing more
general aviation access to the overall community;

C Cargo Service Airports--Airports that are served by aircraft providing air
transportation of property only (including mail) with an aggregate aircraft
landed weight in excess of 100 million pounds; 

C Other Airports--The remaining airports are not specifically defined in the
Act but are referred to as general aviation airports.

In addition to grants for capital projects at these airports, FAA provides state
block grants and grants for integrated system planning.  Selected states are eligible to
receive state block grants to be used in their airport development activities.  Specific
funds are also awarded for system planning purposes.  The initial and continuing
development of information and guidance to determine the extent, type, nature,
location, and timing of airport development needed in a specific area is funded through
these system plan grants.  The goal of the system planning effort is to establish a viable,
balanced, and integrated system of public-use airports.

Most airport grants are made to defray the costs of capital projects for fixed
facilities and equipment.  Economic theory holds that in general it is desirable to
amortize capital projects over their economic lives in order to match the consumption of
benefits with capital recovery.  However, airport grants are cash outlays made by the
FAA to airport sponsors, and from the standpoint of the FAA budget, are fully
expended in a single year.  Furthermore, FAA does not maintain records about the
durability of capital projects funded by these grants.  For these reasons, grants are
expensed rather than amortized in the 1995 cost allocation study, as they have been in
previous studies.  
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Grants records from FY 1990-FY 1995 were used to assign FY 1995 obligations to
ensure that the distribution was representative of the grant process in general, rather
than reflecting the results of a single year.  This multi-year average was used because
the distribution of grants to airport and other grant types does vary from year to year;
because obligations for a particular fiscal year include adjustments to prior year grants,
as well as new grants; and because grants to the same airport types could be ultimately
allocated to different user types in different years.3  Table 3-4 summarizes the
assignment of AIP obligations to airport and other grant types. 

Table 3-4

ASSIGNMENT OF AIP COSTS TO AIRPORT AND OTHER GRANT TYPES
FY 1995 ($Millions)

Grant Type FY 1995 Obligations

Primary Airport
Commercial Service
Reliever Airport
General Aviation Airport
State Block Grants

$1,106.4
35.2
88.3

157.5
52.6
10.3

TOTAL $1,450.1

A complete discussion of the allocation of AIP grant costs is contained in Section 4.4.

3.2.5 Treatment of Capital Costs

A key assumption of the FAA Cost Allocation Study is that FY 1995 obligations
are the appropriate measure of FAA costs incurred on behalf of users.  This means that
costs are the responsibility of users when obligations are incurred.  This is relatively
straightforward for most of FAA’s expenditures except in the case of capital costs. 
Many capital investments have a useful life which extends beyond the current Fiscal
Year.  In commercial accounting and some government enterprises, costs for capital
investment are recovered from users via depreciation charges spread over the assets’
useful life.  The study team examined the advantages and disadvantages of using
depreciation in the allocation of FAA costs to users.  
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The use of depreciation would mean that some portion of the costs for many
investments made prior to FY 1995 would be allocated to services delivered in FY 1995. 
Because FAA does not maintain detailed depreciation-based accounts for individual
assets, these data would have to be developed.  In addition, FAA finances most of its
capital investment through the Airport and Airway Trust Fund which pays for assets
from the user taxes deposited in it.  Unlike businesses which borrow for capital assets
and recover the cost over the useful life, the Trust Fund pays the full cost when the
assets are acquired.  Depreciation-based accounting--while required for commercial
entities--also does not provide a good measure of actual capital usage when inflation is
present, relative prices change or the technology used in service delivery changes.

Depreciation-based accounting plays two important roles in a commercial
enterprise.  First, it matches cost to the periods in which revenues were earned and
allows the measurement of income.  Second, the tax treatment of investment costs is
based on depreciation-based accounting.4  Finally, as noted above, many capital assets
are acquired through borrowing which is repaid as the asset is used; depreciation
spreads the expense over the same period.

In the case of FAA, with a relatively stable annual investment profile,
recognizing the full cost of investment as allocable to users in the year incurred results
in about the same amount entering the cost base as would depreciation accounting.  In
addition, it avoids the need to recreate historical depreciation bases for FAA’s existing
asset base.  As such, the FAA Finance Working Group approved the treatment of capital
investment where all FY 1995 obligations are allocated to users in the year incurred.  As
noted above, a three year average of F&E by major program was used to apportion the
FY 1995 investment among individual lines of business and services.

3.3 DISTRIBUTION OF COSTS TO LINES OF BUSINESS

The distribution of FAA costs to lines of business began with the assignment of 
FAA obligations to activity centers in the five tiers.  The initial distribution of costs was
then adjusted to reflect the relationships among FAA activities.  For example, the
accounting department uses a computerized record keeping system that is operated and
maintained by automated data processing (ADP) services.  Costs for all ADP services
were identified and then distributed to the accounting department and other users of
ADP services.  Similar steps were taken to distribute the costs of well-defined activity 
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                      6Project CORN costs are treated as an outflow from National Program Support because they are
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centers, such as the FAA Academy, to LOBs.  The FAA Academy, which is located at
the Aeronautical Center, trains air traffic controllers, airway facility technicians, flight
standards, safety inspectors and others.  All costs associated with the training were first
allocated to the FAA Academy and then distributed to the LOBs based on the number
of students trained for each.  The assignment and distribution of costs to each tier and
LOB are described below.

3.3.1 Tier 1, National Program Support Costs

National Program Support costs are for activities that service or are associated
with FAA Headquarters in Washington, DC.  Table 3-5 summarizes the build-up of 
Tier 1 activity center costs, including both the initial assignment of FAA costs to activity
centers and the redistribution of those costs.  Tier 1 costs total $365.9 million.

Initial allocations from the Operations program are by DAFIS program element
and cost center code.  The F&E program allocation is for the Computer Operations
Research Network (project CORN), which provides administrative computer support. 
RE&D allocations are for non-LOB-specific aviation research such as the small business
innovative research program and university research grants.  The DOT allocation is for
the rental cost of FAA buildings.5

Inflows to Tier 1 include distributions for ADP Services provided by the
Aeronautical Center (Tier 2A).  Additional inflows to the Administrative Oversight &
Policy Direction activity center include non-specified distributions from the Flight
Proficiency Program and for airport operations at the FAA Technical Center.  Outflows
from Tier 1 are from Information Technology/Data Services for Project CORN, which
are directly distributed to other activity centers based on usage data.6  Also, some costs
for the Office of Human Resources and Associate Administrator for Air Traffic Services,
which are initially allocated to Administrative Oversight & Policy Direction, are re-



3-12 Measurement of FAA Lines of Business Costs

FAA FY 1995 Cost Allocation Study
March 19, 1997



Measurement of FAA Lines of Business Costs 3-13

FAA FY 1995 Cost Allocation Study
March 19, 1997

distributed between Human Resource Management and Training - National
Management in Tier 1 and Air Traffic and Airway Facilities in Tier 3.

Tier 1 activity center costs were allocated to LOBs in proportion to national
staffing, headquarters staffing or other workload measures.  National staffing was used
as an allocator for Tier 1 activities with an FAA-wide focus, such as Mail Services,
Administrative Telecommunications and Training - National Management.  Project
CORN allocations were based on organizational usage of computer services; legal
allocations were based on estimates of the percentage of services provided to the LOBs;
procurement allocations were based on  obligations in DAFIS; and workers
compensation allocations were based on annual charge backs.  All remaining Tier 1
programs were allocated to LOBs using FAA headquarters staff levels for each.  Table 
3-6 shows the distribution of National Program Support costs to FAA lines of business
and major functions within the ATS LOB.

3.3.2 Tier 2, National Centers Costs

National Centers costs are comprised of Aeronautical Center (Tier 2A) and
Technical Center (Tier 2T) costs.  For both centers, costs were classified as either support
costs or activity center costs.  Support costs were then distributed to the activity centers,
based on various measures of usage.  For example, facility management costs in Tier 2A
(including lease costs for the Aeronautical Center) were distributed to activity centers
based on the square footage of space occupied. 

3.3.2.1 Aeronautical Center--Table 3-7 summarizes the build-up of Aeronautical
Center costs. Initial allocations from Operations are by DAFIS program element and
cost center.  The F&E program allocations include distributions to program support for
the Aeronautical Center lease, to the Logistics Center for ATS Research & Acquisition
(including spare parts), to Aviation Standards for aircraft fleet modernization and to the
Civil Aviation Registry for its infrastructure.  RE&D allocations are for aviation research
activities conducted through the Civil Aeromedical Institute (CAMI).  

Inflows to Tier 2A include distributions from other activity centers such as ADP
Services, the Logistics Center and Project CORN.  Outflows from the Logistics Center
activity center are for costs associated with the purchase of items for other Aeronautical
Center activities (e.g., computer equipment, printing supplies, and so forth), which are
not generally associated with the services the Logistics Center provides to ATS system
maintenance.

Table 3-8 details the allocation of Aeronautical Center costs to FAA lines of
business.  Of the total Aeronautical Center costs of $562.1 million, approximately $47.1 
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million is distributed as outflows to Tier 1 and 2 activity centers.  The net assignment of
FAA obligations to Tier 2A is $515.1 million.  

3.3.2.2 Technical Center--Technical Center costs, like those of the Aeronautical
Center, are assigned to two sets of activity centers.  The first set is composed of the
administrative activities that support the organizations operating at the Technical
Center and the second is for specific engineering and research activities.

Table 3-9 details the build-up of costs at the Technical Center and their allocation
to FAA lines of business.  In total, Tier 2T was allocated $277.3 million.  Operations
costs are centered in administrative support at the Technical Center and costs incurred
in the provision of national engineering support for Airway Facilities.  F&E program
costs include the Technical Center lease (ACT program support) and ATS-related F&E
programs (Research & Acquisition).  Since many of the Aviation Regulation and 
Certification and Civil Aviation Security research programs are conducted at or through
the Technical Center,  their RE&D program costs were assigned to the Technical Center. 
Airport program costs, which include the operation of the Atlantic City airport, are
ultimately redistributed to Tier 1.

3.3.3   Tier 3, National Programs Costs

Table 3-10 summarizes the initial allocations to Tier 3 as well as the redistribution
of costs to and from the other tiers.  National Programs costs include Operations
obligations assigned to activity centers that represent organizations in Washington.  In
addition, a substantial portion of F&E costs are assigned to Tier 3, including the major
support contracts for ATS system development, acquisition, engineering and
installation.  Most of the RE&D costs assigned to Tier 3 are for Research and
Acquisition, primarily for ATS-related research and development.  In total, Tier 3 was
allocated $1.9 billion in FY 1995 costs.

Inflows to the build-up of National Programs activity center costs include
distributions from Tier 1 and Tier 5.  Inflows from reallocation ($27.4 million) represents
the redistribution of costs for services provided to internal FAA customers.  These
include distributions from Aviation Medicine for occupational health and substance
abuse programs and from Civil Aviation Security for internal security programs.  

Tier 3 costs were adjusted to reflect reassignment of certain costs to other tiers. 
For example, Operations obligations for the Level 1 contract tower program fall into
Tier 3.  However, these expenditures represent costs for FAA field facilities.  Thus
actual obligations for specific towers were subtracted from total Air Traffic costs in 
Tier 3 and added to the build-up of ATS site costs in Tier 5.  Similarly, obligations for en
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route software support and the Systems Command Center were allocated among
en route centers in Tier 5.  The same approach was used to subtract contract
maintenance costs from Tier 3 costs and include them in the development of Airway
Facilities site costs in Tier 5.

3.3.4   Tier 4, Regional Programs Costs 

Regional Programs costs were also assigned to two sets of activity centers.  The
first set is composed of the regional administrative activities that support FAA activity
centers in each region.  The cost for these administrative functions was distributed to
regional activity centers, based on staffing at each regional headquarters.  The second
set of activity centers represents the costs associated with regional programs.

The build-up of Regional Programs costs is detailed in Table 3-11.  These costs
include Operations obligations expended at the regional level and F&E program
obligations incurred by specific FAA regions.  As can be seen, $938.7 million was
allocated to Tier 4.  

3.3.5   Tier 5, Field Facility Costs

Field Facilities are field units within each LOB administered by the respective
staffs of FAA regional headquarters.  Generally, field facilities are defined locationally
by their DAFIS cost centers.  The types of field facilities that comprise each LOB are:

C Air Traffic Services
S Air Traffic--En Route, Terminal, Flight Service
S Airway Facilities--AF Sectors, AF Sector Field Offices, AF Sector

Field Office Units;

C Aviation Regulation and Certification
S Aircraft Certification--Aircraft Certification Office, Manufacturing

Inspection District Office;
S Flight Standards--Flight Standards District Office, Certificate

Management Office, International Field Office, Aircraft Evaluation
Group;

S Aviation Medicine--Medical Office;

C Civil Aviation Security--Civil Aviation Security Field Office, Civil
Aviation Security Field Office Unit, Local Office, Federal Air Marshals;

C Airport Development--Airports District Office.
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Table 3-12 shows the build-up of Tier 5 costs.  The initial tier allocations represent
obligations for the operation of field facilities.  These costs represent the majority of
Operations obligations.  Additional costs that were redistributed from Tier 3 to the Air
Traffic activity center include the costs of the contract tower program, en route software
support and the Systems Command Center.  A similar redistribution was made from
Tier 3 to the Airway Facility activity center for contract maintenance costs.  The
reallocation adjustment in Table 3-12 is discussed in the next section.

3.3.6 Reallocation of Costs

The final step in the development of FAA LOB costs is the reallocation of some
costs among FAA LOBs.  In some instances, the programs of one FAA LOB support
another LOB.  Examples of programs where one FAA LOB supports other LOBs are:

C Aviation Medicine;
S Occupational Health
S Substance Abuse

C Civil Aviation Security--Internal Security.

Reallocation costs were developed by applying program allocator data to the final
build-up of program costs using only operations budget costs.  This was done to
recognize that the types or costs being reallocated applied to personnel and not
investment.  These reallocations are shown in Table 3-13. 

3.3.7 Summary of the Distribution

Table 3-14 shows the summary of the distribution of all FAA and DOT FY 1995
obligations to FAA lines of business.  These total almost $8.7 billion.  The ATS LOB
distribution of $6.3 billion includes the final build-ups of Air Traffic, Airway Facilities,
Telecom and Research & Acquisition.  The AVR distribution of $695.7 million includes
Aircraft Certification, Flight Standards and Aviation Medicine.  The Civil Aviation
Security, Airport Development and Commercial Space Transportation LOB
distributions are $115.8 million, $1,515.3 billion and $7.6 million, respectively.  As Table 
3-14 shows, costs for the ATS LOB are 87.8 percent of total FAA costs exclusive of
airport grants, and 73.1 percent of all FAA costs.  The allocation of these costs to users is
described in Sections 4, 5 and 6.
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Table 3-14

FAA LINE OF BUSINESS COSTS
FY 1995 ($Millions)

Air Traffic
Services

Aviation
Regulation &
Certification

Civil
Aviation
Security

Airport 
Development

Commercial
Space TOTAL

TIER 1 - NATIONAL PROGRAM
SUPPORT
  
TIER 2A - AERONAUTICAL
CENTER

TIER 2T - TECHNICAL CENTER

TIER 3 - NATIONAL PROGRAMS 

TIER 4 - REGIONAL PROGRAMS 

TIER 5 - FIELD FACILITIES
     

$281.5

358.9

181.5

1,779.9

802.0

2,938.0

$57.1

152.2

55.7

94.2

90.2

255.5

$17.8

2.5

40.1

24.6

22.0

27.0

$7.8

1.5

     -    

18.2

24.5

13.3

$1.7

      -     

        -     

5.9

     -     

     -     

$365.9

515.1

277.3

1,922.8

938.7

3,233.8

     TIER Sub-Total

     LOB Reallocations

AIRPORT IMPROVEMENT
PROGRAM GRANTS

6,341.8
   

    -     

   
        -       

704.9

(9.2)

 -

134.0

(18.3)

 
 -

65.2

    -   

1,450.1

7.6

     -     

  
    -     

7,253.4

(27.5)

1,450.1

LINE OF BUSINESS
ALLOCATIONS $6,341.8 $695.7 $115.7 $1,515.3 $7.6 $8,676.1
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4.0     ALLOCATION OF NON-ATS 
LINES OF BUSINESS COSTS TO USERS

4.1 INTRODUCTION

The FAA costs allocated to CAS users are comprised of the following types of
costs:

C Direct costs of non-ATS services produced and used to provide services to
CAS users;

C Allocation of non-ATS common and fixed costs;
C Incremental costs of ATS services consumed; and,
C Allocation of ATS common and fixed costs.

Costs for the ATS line of business are treated separately from the costs of non-
ATS LOBs because of the differences in the production of their respective services.  The
ATS LOB most closely reflects a production process where multiple sites produce
similar outputs (for example, the 21 domestic en route centers provide separation
among overflight aircraft; those services are essentially identical among these facilities). 
Each ATS facility type produces a relatively small number of outputs, and it is possible
to develop econometric cost of service models for the various ATS facility types.  This
permits examination of whether the marginal cost of service varies by the type of
service produced or by the type of user.  Non-ATS lines of business, on the other hand,
produce diverse outputs or provide services, such as airport grants, which are not
amenable to analysis through cost of service models.

 This section describes the process followed to identify and allocate the
incremental costs of non-ATS services to CAS users and to identify non-ATS common
and fixed costs.  Section 5 identifies the direct and common and fixed costs for ATS
services.  The allocation of ATS incremental costs and ATS and non-ATS common and
fixed costs is discussed in Section 6.

The non-ATS lines of business include the following organizations:

C Aviation Regulation and Certification;
C Civil Aviation Security;
C Airport Development.
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The costs for each LOB were developed in Section 3.  The allocation of costs to services
and users is discussed for each line of business in turn.

4.2 AVIATION REGULATION AND CERTIFICATION

The Aviation Regulation and Certification (AVR) line of business is tasked with
the promotion of aviation safety by:
  

C Establishing safety standards that govern:  the design, production, quality
and airworthiness of aeronautical products; the operation and
maintenance of aircraft; the training of airmen and aviation technicians;
and the medical qualification of airmen.

C Managing FAA's rulemaking program.

C Monitoring safety performance by conducting safety inspections and
surveillance, investigating violations and initiating enforcement actions,
and participating in accident and incident investigations.

C Conducting aviation safety education and research.

C Issuing and maintaining:  certificates for manufacturing aircraft, engines,
propellers, appliances and parts; certificates and licenses for air operators,
air agencies and airmen; and, aircraft registration records.

The AVR line of business includes the National AVR organization as well as the three
following service delivery suborganizations:

C Aircraft Certification Service;
C Flight Standards Service;
C Office of Aviation Medicine.

Two AVR organizations, the Office of Accident Investigation and the Office of
Rulemaking, exist only at the national level.  Table 4.1 shows the initial division of line
of business costs between these suborganizations and the National AVR organizations,
and the distribution of National AVR costs to the three suborganizations.  The
remainder of Section 4.2 details the allocation of costs within each suborganization.
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Table 4-1

AVIATION REGULATION AND CERTIFICATION LINE OF BUSINESS COSTS
FY 1995 ($Millions)

National
AVR

Aircraft
Certification

Flight
Standards

Aviation
Medicine

Aviation
Regulation

and
Certification

Tier 1 - National Program 
    Support $57.1 ---  ---  

 
  --- $57.1

Tier 2A - Aeronautical Center
     FAA Academy
     Flight Proficiency
     Others
          Subtotal 

--- 
--- 

1.0
1.0

3.4
2.2
--- 
5.6

30.5
50.2
64.4

145.1

0.5
0.1
--- 
0.6

34.4
52.5
65.4

152.2

Tier 2T - Technical Center 55.7 --- ---  --- 55.7

Tier 3 - National Programs 15.1 13.3 52.5 13.2 94.2

Tier 4 - Regional Programs ---   33.5 42.5 14.2 90.2

Tier 5 - Field Facilities ---   33.8 219.4 2.2 255.5

     Tier Sub-Total
     LOB Reallocations
     National AVR Distribution

 128.8
---   

(128.8)

86.2
---  

59.2

459.6
--- 

59.2

30.2
(9.2)
10.4

704.8
(9.2)

--- 

Line of Business Allocations ---  $145.4 $518.8 $31.5 $695.7

4.2.1 Aircraft Certification Service 

The Aircraft Certification Service (AIR) oversees the activities of aircraft
manufacturers and their suppliers.  AIR develops regulations governing aircraft design
and is responsible for various aspects of design and production approval and oversight
of quality control systems.

AIR is organized into four major directorates, each specializing in a particular
category of aircraft, as follows:  

C Transport Airplane Directorate;
C Small Airplane Directorate;
C Rotorcraft  Directorate;
C Aircraft Engine Directorate.
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The directorates are located in FAA field organizations, but a single directorate may
have subsidiary offices in one or more FAA regions.  AIR’s total costs of $145.4 million
in FY 1995 (see Table 4-1) include not only the direct costs of the certification
organization itself, but also allocations of costs incurred in other parts of FAA that were
determined to be related to the production of aircraft certification services.  

4.2.1.1  AIR Work Measures--The first step in allocating these costs was to
associate them with the services AIR produces.  The CAS reviewed FAA work hours by
category and used demographic surveys prepared by AIR to assign those work hours to
users.  

AIR produces Completed Work Reports for each of the four directorates and for
the two divisions (Engineering and Production/Airworthiness) located in FAA
Headquarters.  These reports are then aggregated nationally, with work divided into
four major categories:   operational safety, regulatory development, certification and
other direct work.  Work is measured by task, based on the standard times to perform
activities in AIR staffing standards.  A major limitation of this data source is that it
provides no information on the actual time expended to perform these tasks or about
the users for whom the work was performed.  

To supplement these Completed Work Reports, AIR conducted a series of
demographic surveys in FY 1994 and FY 1995 which tabulated the specific firms
serviced by each of the certification directorates and the level of effort devoted to each
firm.  These surveys did not track work performed by AIR staff in the two divisions at
FAA headquarters and did not include all of the direct work performed in the
directorates.  

Table 4-2 shows the distribution of hours from these two sources of information. 
As can be seen, the Completed Work Reports identified a total of about 660,000 hours
for certification engineers/pilots and 245,000 hours for inspectors in FY 1995.  The
demographics report identified 355,000 engineer/pilot hours and 217,000 inspector
hours, which together comprise about 63 percent of total AIR direct hours.1

The next step was to associate the work hours identified for a firm with a CAS
user type.  Although there are more than 7,000 individual listings in the demographics
survey, a small number of them accounted for the majority of work hours.  The listings
were categorized by project type--such as type certification--and each listing in those
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2A distinction was made between traditional CAS users and the direct customers for AIR
services.  Traditional CAS users are based on air operators (e.g., passenger and cargo airlines, air taxi,
general aviation, and military), while the customers for AIR services include aircraft manufacturers,
modifiers and suppliers. 

3FAA Statistical Handbook of Aviation, Table 4-6.

4FAA Aviation Forecasts, various years.

5Data to disaggregate general aviation activity were taken from the GA Survey.
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categories was isolated for further analysis.2  Then the 150 listings outside those
categories with the largest number of work hours reported were isolated.  These two
reviews identified about 370,000 work hours.  The analysis also identified the type of
firm associated with each listing reviewed, such as aircraft manufacturers, suppliers
(parts manufacturers), and aircraft modifiers.  

Table 4-2
AIRCRAFT CERTIFICATION SERVICE

WORK HOURS BY ACTIVITY
FY 1995

Information Source Hours

Completed Work Reports
     Engineer/Pilot Hours
     Inspector Hours
                                           TOTAL

659,342
245,345
904,687

Demographics Report
     Engineer/Pilot Hours
     Inspector Hours
                                          TOTAL

355,500
217,273
572,773

Based on the above analysis, approximately 319,000 hours could be assigned to
the four FAA user groups (air carrier, air taxi/commuter, general aviation and military). 
The hours assigned to the FAA user groups were then redistributed to the CAS user
types.  Hours for air carriers were assigned to scheduled passenger, charter and air
cargo users, based on departures,3 and further divided into domestic, international and
commuter, based on enplanements.4  Hours for small airplanes were assigned to GA
users and divided between piston and turbine engine airplanes, based on hours flown
under IFR flight plans.  The work effort for air taxi users was assumed to be
proportional to their share of total GA flight hours.5  The work effort for rotorcraft was
identified directly from hours reported by the rotorcraft directorate.  Hours for military
users were identified as such in the demographic listings.  Other public aircraft usage
was estimated to be 1.4 percent of GA piston and turbine hours.
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It should be noted that in the development of fees for certification services, costs
resulting from FAA’s provision of certification services for different types of entities--
e.g., aircraft and engine manufacturers, parts manufacturers, aircraft modifiers and
other entity types--can be isolated from the demographic reports. 

4.2.1.2  AIR Costs--The costs of providing AIR services, as noted above, consist
of the direct costs of providing the 905,000 work hours identified above and AIR
common and fixed costs.  The direct costs include $5.6 million from Tier 2A, $33.5
million from Tier 4 and $33.8 million from Tier 5 (see Table 4-1 above).  Based on the
total direct costs of $72.9 million, the 319,000 hours that could be allocated to CAS users
had a cost of $25.8 million.6  These direct costs were allocated to the CAS users based on
the distribution of the 319,000 work hours.  Table 4.3 shows that allocation.

Table 4-3

ALLOCATION OF AIRCRAFT CERTIFICATION COSTS BY USER TYPE
FY 1995 ($Millions)

User Type Allocation

Domestic Jet
Charter

All Cargo
International
Commuter

Air Taxi

$9.1
0.2
0.8
3.3
0.3
1.5

Commercial Users 15.2

GA Piston
GA Turbine

Rotor

4.4
2.0
3.0

GA Users 9.4

Military
Other Public

1.1
0.1

Public Users 1.2

Costs Directly Allocated to Users 25.8

Common/Fixed Costs 119.6

Total Costs $145.4
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The remaining $47.1 million in unallocated direct costs, which could not be
assigned to users, were classified as common or fixed costs.  In addition, Tier 3 costs of
$13.3 million and national AVR costs of $59.2 million were treated as common or fixed
costs, resulting in total common or fixed costs of $119.6 million.  The allocation of the
common or fixed costs is discussed in Section 6.

4.2.2 Flight Standards Service

The Flight Standards Service (AFS) operates the Aircraft Registry and regulates
air operators, air agencies and airmen.  To do this, AFS develops regulations, issues
certificates and conducts inspections and surveillance.  AFS is organized into district
offices, but work reports are aggregated nationally.

4.2.2.1  AFS Work Measures--Flights Standards aviation safety inspectors record
their work by task in the Performance Tracking and Reporting System (PTRS).  These
reports contain information on the air operator, air agency or airmen involved, as well
as the Federal Aviation Regulation (FAR) part under which the involved entity
operates.  A single air operator or agency can receive FAA services related to one or
more FAR parts.  For example, services provided to American Airlines, a domestic and
international air carrier, would generally be classified under FAR part 121; however, it
also could receive inspections related to FAR 145 for its repair station activities, FAR 61
for pilot activities and so forth.  In order to associate AFS work hours with CAS user
types, all work done for an entity was classified according to its principal activity.  

The Flight Standards Service also produced a "Unit Cost Report" (UCR) in 
FY 1994 and FY 1995 that computed the average time to conduct certain kinds of work,
by FAR part and task.  The UCR from FY 1995 was used to allocate AFS hours to users. 
Total tasks by FAR part and activity code were tabulated from the PTRS and assigned
average hours based on UCR averages.  The PTRS hours for individual operators were
either directly assigned to a CAS user type, such as All-Cargo, or assigned to a broad
user group, such as FAR 121 airlines.  In the latter case, these hours were then assigned
to specific user types, such as domestic jet or international, based on enplanements.  The
PTRS hours by user type were then aggregated over all users.  Table 4-4 shows the
hours that could be directly assigned to user types (64 percent); the remaining hours
were considered to be common or fixed among users.

Table 4-4
ALLOCATION OF AFS PTRS HOURS

Hours Percent

Total
Assigned
Not Directly Assigned

1,929,484
1,236,676

683,808
64%
36%
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It is possible, based on PTRS data, to aggregate AFS costs of serving other user
types such as repair stations, pilot schools and so forth to support the development of
fees for these user types.

4.2.2.2 AFS Costs--The direct costs of providing AFS services include all costs
from Tier 5 assigned to fund facilities ($219.4 million) and the costs for the FAA
Academy ($30.5 million) and the flight proficiency programs ($50.2 million) from 
Tier 2A (see Table 4-1).  Based on these total direct costs of $300.1 million, the 1.2 million
PTRS hours that could be allocated directly to users had a cost of about $193 million. 
The allocation of these costs was based on the distribution of PTRS hours to user types. 
Table 4-5 shows that allocation.  The remaining $107 million in direct costs for PTRS
hours that could not be directly assigned to users were treated as a common cost, along
with $219 million from Tier 3, Tier 4, the remainder of Tier 2A, and national AVR costs. 
The allocations of these costs to users is discussed in Section 6.  

Table 4-5

ALLOCATION OF FLIGHT STANDARDS COSTS BY USER TYPE
FY 1995 ($Millions)

User Type Allocation

Domestic Jet
Charter

All Cargo
International
Commuter

Air Taxi

$71.109
2.637

18.950
11.104
17.690
43.167

Commercial Users 164.657

GA Piston
GA Turbine

Rotor

21.227
3.666
3.477

GA Users 28.370

Military
Other Public

.008

.208

Public Users .216

Costs Directly Allocated to Users 193.242

Common/Fixed Costs 325.510

Total Costs $518.752
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4.2.3 Aviation Medicine

The Office of Aviation Medicine (AAM) provides services to both external
customers and other entities within FAA.  As shown in Table 4-1, approximately $9.2
million of its costs relate to services provided to other parts of FAA (LOB reallocations). 
The FAA costs relate to occupational health programs and employee substance abuse
programs.  In the CAS, they are reallocated to other LOBs, included in the various LOB
cost bases, and then allocated to external customers.  The remaining $31.5 million in
AAM program costs for services provided to external customers form the basis of the
allocation of AAM costs to users.  

Medical certification costs were allocated to users based on the class of medical
certificate held and the relative proportions of users who hold such certificates.  For
example, all Class 1 medical certification costs were allocated to commercial users and
these were allocated among specific user types based on departures.  Class 2 medical
certification costs were allocated in fixed shares to commercial airlines, air taxi, and
general aviation.  Costs for Class 3 medical certificates were divided among general
aviation users.  Drug and alcohol testing program costs were divided among
commercial users in proportion to departures; they are the only user types subject to
these testing requirements.  

Approximately $12.4 million of AAM costs are related to direct programs.  This
is approximately equal to the Tier 4 and Tier 5 costs for aviation medicine, less the
proportion of direct costs reallocated to other lines of business.  The allocation of these
costs to users is shown in Table 4-6.  The remaining $19.1 million in AAM costs were
classified as common or fixed costs.  The allocation of the common and fixed costs is
discussed in Section 6.

4.3 CIVIL AVIATION SECURITY

The mission of Civil Aviation Security (ACS) is to protect the traveling public in
air transportation throughout the world.  It provides for the integrity of the civil
aviation system by:

C Developing and implementing regulatory policies and programs to:
prevent criminal, terrorist and other disruptive acts against civil aviation; 
protect FAA employees, facilities and equipment; assist in interdicting
illegal drugs and narcotics coming into the U.S.; and support national
security;
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C Enforcing regulations, policies and procedures;

C Identifying potential threats and establishing countermeasures;

C Providing overall guidance to assure the safety and security of passengers,
crew, baggage and aircraft.

Table 4-6

ALLOCATION OF AVIATION MEDICINE COSTS BY USER TYPE
FY 1995 ($Millions)

User Type Allocation

Domestic Jet
Charter

All Cargo
International
Commuter

Air Taxi

$4.434
0.065
0.316
0.493
2.583
0.758

Commercial Users 8.649

GA Piston
GA Turbine

Rotor

3.136
0.284
0.330

GA Users 3.750

Military
Other Public

0.000
0.000

Public Users 0.000

Costs Directly Allocated to Users 12.399

Common/Fixed Costs 19.075

Total Costs $31.475

The ACS program governs activities of commercial operators utilizing aircraft
with more than 30 passenger seats.  Table 4-7 shows the line of business costs for
aviation security.  As can be seen, approximately $18.3 million of civil aviation security
costs are reallocated to other FAA lines of business to reflect services provided for
internal security, security clearances, and the security of FAA facilities.  These costs
were allocated to users as part of the costs of other FAA lines of business. 

Table 4-7
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CIVIL AVIATION SECURITY COSTS
FY 1995 ($Millions)

Tier 1 - National Program Support $17.8

Tier 2A - Aeronautical Center 2.5

Tier 2T - Technical Center 40.1

Tier 3 - National Programs 24.6

Tier 4 - Regional Programs 22.0

Tier 5 - Field Facilities 27.0

Tier Sub Total 134.0

LOB Reallocations (18.3)

Line of Business Costs $115.7

The ACS program has two major components:  a domestic program which
governs all activities inside the U.S. for both domestic and international air
transportation, and an overseas program which governs activities related to
international air transportation.  All costs for the domestic program were assigned to
commercial users, except air taxi and all cargo, based on enplanements.  All overseas
program costs were assigned to international users.

Nearly $40 million of ACS costs are related to direct programs, approximately
equal to Tier 4 and Tier 5 costs less the portion of these costs reallocated to other lines of
business.  Table 4-8 presents the allocation of aviation security direct costs to users.  The
remaining costs were classified as common or fixed costs.  (ACS common costs are large
because of the substantial RE&D component of its programs.)  The allocation of these
costs is discussed in Section 6.  

4.4 AIRPORT DEVELOPMENT 

Airport Development (ARP) line of business costs are shown in Table 4-9.  They
were compiled using FY 1990-FY 1995 Airport Improvement Program (AIP) grants data
and FY 1995 obligations.  The bulk of the costs assigned to Airport Development come
from AIP grants obligations, which were $1.45 billion in FY 1995.  The additional $65
million in costs represent program support associated with grants administration and
the airport safety program.  Finally, some airport grants were treated as common or
fixed costs.  Each of these categories of costs is discussed below. 

Table 4-8
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ALLOCATION OF AVIATION SECURITY COSTS BY USER TYPE
FY 1995 ($Millions)

User Type Allocation

Domestic Jet
Charter

All Cargo
International
Commuter

Air Taxi

$26.0
0.5
0.0

11.4
1.8
0.0

Commercial Users 39.7

GA Piston
GA Turbine

Rotor

0.0
0.0
0.0

GA Users 0.0

Military
Other Public

0.0
0.0

Public Users 0.0

Costs Directly Allocated to Users 39.7

Common/Fixed Costs 76.1

Total Costs $115.8

Table 4-9
AIRPORT DEVELOPMENT LINE OF BUSINESS COSTS

FY 1995 ($Millions)

Tier 1 - National Program Support $7.8

Tier 2A - Aeronautical Center 1.5

Tier 2T - Technical Center   -  

Tier 3 - National Programs 18.2

Tier 4 - Regional Programs 24.5

Tier 5 - Field Facilities 13.3

Tier Total 65.2

Airport Improvement Program Grants 1,450.1

Line of Business Costs $1,515.3
4.4.1 Overview of Assignment and Allocation of AIP Costs
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Allocating AIP grants to user types required an intermediate assignment to the
airport and other grant types (block grants and systems planning grants) identified in
Section 3.  Because FAA obligations data were not available at that level of detail,
airport grants records were used to assign obligations to airport and other grant types. 
FAA does keep detailed records of the recipients of grants, the projects for which the
grants will be used and the type of grants awarded.  The allocation of AIP costs for
airport and other grant types was based on airport activity statistics, FAA records and
interviews with FAA personnel.  

The allocation of these costs followed a two-step process, first allocating some
costs to general user groups and specific well-identified user types, then allocating the
remaining costs to the other user types.

The 1982 Act specifies that grants to primary airports be based on enplanements. 
Since enplanements are a measure of commercial activity, it was reasonable to allocate
all AIP costs assigned to primary airports to commercial users.  However, the 1982 Act
also mandates that a percentage of all AIP grants be allocated to all-cargo airports.7  For
FY 1995, obligations to all-cargo airports totaled $38.9 million.  In the allocation of AIP
costs, airports that meet the all-cargo criteria were assumed to be primary airports. 
Consequently, the FY 1995 assignment of $38.9 million was deducted from the primary
airports total and allocated directly to the all-cargo user type.  The net-of-cargo total
was then allocated to the other commercial user types, based on enplanements.

All AIP costs assigned to state block grants were allocated to the GA user group
and then further allocated to GA user types, excluding rotorcraft, based on the number
of flight plans filed by each.  The allocation of AIP costs to rotorcraft users was based on
the identification of specific grants to heliports over the FY 1990-FY 1995 period.  Such
grants were found in GA, commercial service and reliever airport types.  The average
percentage of airport grants was used to allocate a portion of the total AIP costs for each
of these airport grant types directly to rotorcraft users.  These costs were then
subtracted from the respective airport totals.

AIP costs assigned to GA airports (except for those allocated directly to
rotorcraft) were allocated to the commercial and GA user groups and the military user
type, based on airport-specific operations data.  The commercial user group costs were
then further allocated to user types, based on FY 1995 enplanements.  The GA user
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group costs, less those already allocated to the military user type, were allocated to user
types, based on FY 1995 flight plans filed.8

4.4.2 AIP Administration and Airport Safety

For FY 1995, direct AIP Administration and Airport Safety costs (from Tier 4 and
Tier 5) were estimated at $37.8 million.  Using FAA staffing and other data, $30.8
million was attributed to AIP Administration.  These costs were allocated to user types
based on the percentage allocation of AIP grants to user types.

The remaining $7.0 million in direct costs was attributed to Airport Safety and
Compliance.  To allocate these costs to user types, the CAS relied on the experience of
FAA personnel familiar with the Airport Safety program.9  Sixty percent of Airport
Safety costs were allocated to commercial users and 40 percent to GA users.  These costs
were then allocated to user types within these two broad categories using national
enplanements and flight plans filed, respectively.

4.4.3 Airport Development Common and Fixed Costs

Two kinds of common and fixed costs were assigned to the Airport Development
line of business.  Costs developed through the Tier Model for program support,
national centers, and national program administration for airport development (from
Tier 1 through Tier 3) were treated as common costs.  These totaled $27.5 million.  In
addition, the costs of AIP grants assigned to commercial service airports ($35.2 million),
reliever airports ($88.3 million), and system plans ($10.3 million), except those allocated
directly to rotorcraft (approximately $1.2 million), were treated as common or fixed
costs (see Table 4-10).  The allocation of common and fixed costs to users is described in
Section 6. 

4.4.4 Summary of the Allocation of Airport Development Costs

The methodology that was used to allocate the costs of AIP obligations to users
was, in large part, determined by the program funding guidelines established by
Congress.  For example, primary airports receive AIP funding using an enplanements-
based formula mandated by Congress.  Therefore, the initial allocation of primary
airports’ costs to users was based on enplanements.  Similar procedures were used to
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allocate other costs that reflected Congressional mandates.  Where specific guidelines
did not exist, allocations were based on activity at the airports that received grants.  The
allocation of Airport Development costs to users is shown in Table 4-10.

Table 4-10

ALLOCATION OF AIRPORT DEVELOPMENT COSTS BY USER TYPE
FY 1995 ($Millions)

User Type Allocation

Domestic Jet
Charter

All Cargo
International
Commuter

Air Taxi

$910.1
14.4
38.9
88.8
98.6
24.2

Commercial Users 1,176.0

GA Piston
GA Turbine

Rotor

122.6
43.8

1.2

GA Users 167.6

Military
Other Public

4.2
7.6

Public Users 11.8

Costs Directly Allocated to Users 1,355.3

Common/Fixed Costs 160.0

Total Costs $1,515.3

4.5 SUMMARY

This section reported the allocation of direct costs for the non-ATS lines of
business to users and the identification of common or fixed costs for these lines of
business.  Table 4-11 summarizes these results.  Section 6 shows how the common and
fixed costs were allocated to users.
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Table 4-11

ALLOCATION OF NON-ATS COSTS BY USER TYPE
FY 1995 ($Millions)

User Type AVR ACS ARP

Domestic Jet
Charter

All Cargo
International
Commuter

Air Taxi

$84.6
2.9

20.1
14.9
20.6
45.4

$26.0
0.5
0.0

11.4
1.8
0.0

$910.1
14.4
39.8
88.8
98.6
24.2

Commercial Users 188.5 39.7 1,176.0

GA Piston
GA Turbine

Rotor

28.8
5.9
6.8

0.0
0.0
0.0

122.6
43.8

1.2

GA Users 41.5 0.0 167.6 

Military
Other Public

1.1
0.3

0.0
0.0

4.2
7.6

Public Users 1.4 0.0 11.8

Costs Directly Allocated to Users 231.4 39.7 1,355.3

Common/Fixed Costs 464.3 76.1 160.0

Total Costs $695.7 $115.8 $1,515.3
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5.0  ALLOCATION OF AIR TRAFFIC SERVICES COSTS TO USERS

5.1 INTRODUCTION

For the ATS line of business, facility level cost and activity data is available.  This
allows the development of data on the consumption of ATS services by CAS user types. 
This section describes the development of these data, and its use in the estimation of
econometric cost of service models for ATS services. 

The ATS cost of service models, which are presented in detail in Technical
Supplement B, are based on measured costs at individual ATS facilities (site costs) and
their relationship to the outputs provided at each facility.  The models reflect the
economic characteristics of the production of ATS services and allow both fixed and
incremental costs to be isolated by facility type.  The cost of service models also provide
estimates of the incremental unit costs of producing various ATS services for users.

This section first describes how ATS line of business costs were distributed to
individual facilities, then reviews air traffic activity data and discusses how they were
used in conjunction with the facility cost data to develop the cost of service models. 
Finally, the models themselves are described and the results are discussed.  Section 6
presents the application of the unit production costs that are identified by the models
for the various types of air traffic services to the quantities of services that are used by
specific user types.

5.2 AIR TRAFFIC SERVICES COSTS

The costs of the Air Traffic Services line of business include costs of the following
suborganizations:

C Air Traffic;
C Airway Facilities;
C Research and Acquisition.

Table 5-1 shows the disaggregation of ATS line of business costs to its two
constituent organizations, and that portion of Research and Acquisition costs associated
with the production of ATS services.  



5-2 Allocation of Air Traffic Services Costs to Users

FAA FY 1995 Cost Allocation Study
March 19, 1997

Table 5-1

AIR TRAFFIC SERVICE LINE OF BUSINESS COSTS
FY 1995 ($Millions)

Air 
Traffic

Airway
Facilities

Research &
Acquisition

Total
Air Traffic
Services

Tier 1 - National Program Support $142.8 $41.3 $97.4 $281.5

Tier 2A - Aeronautical Center 25.5 289.7 43.7 358.9

Tier 2T - Technical Center ---     54.0 127.5 181.5

Tier 3 - National Programs   115.6 31.1 1,633.2 1,779.9

Tier 4 - Regional Programs 101.9 158.3 541.8 802.0

Tier 5 - Field Facilities 2,019.0 918.9 ---     2,938.0

Line of Business Costs* $2,404.8 $1,493.3 $2,443.7 $6,341.8
*Includes approximately $35 million of flight inspection costs at non-FAA facilities.  These are excluded
from the allocation to users.

The Air Traffic organization (AT) operates field facilities which provide en route
and terminal air traffic control as well as pre-flight and in-flight information services. 
Most of its costs are to operate these field facilities, as shown by the concentration of its
costs in Tier 5.  Air Traffic costs include all the inputs necessary to operate the air traffic
control system, representing $2.4 billion of the $6.3 billion in total ATS costs.  

The Airway Facilities (AF) organization is responsible for maintaining air traffic
equipment at field facilities.  Its total costs are about $1.5 billion, most of which have
been assigned to Tier 5.  In addition, two major support functions for AF, the flight
inspection component of the aircraft program and the logistics center (which maintains
an inventory of spare parts) are provided by the Aeronautical Center, as reflected in
AF’s large Tier 2A costs.  

Research and Acquisition (ARA) is the third major component of ATS costs.  The
ARA line of business designs, procures, and installs equipment to modernize and
expand the air traffic system.  Most of the ARA costs assigned to the ATS LOB are for
national or regional facilities and equipment programs, as indicated by the level of 
Tier 3 and Tier 4 costs.
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5.3 DEVELOPMENT OF SITE COSTS

ATS costs were developed on a site-specific basis to support the estimation of
cost of service models.  The site costs were derived from the Tier Model’s line of
business and service costs.  The following subsections enumerate cost categories related
to ATS facilities, describe how each cost category was determined, and explain how
they were incorporated into the measurement of ATS incremental costs as well as fixed
and common costs.  Some cost categories are used in the site cost models directly while
others are treated as a common or fixed cost by facility type or flight environment or for
all ATS services.  The ATS site cost models measure fixed and incremental costs.

5.3.1 Air Traffic Direct Costs

Air Traffic direct costs, totaling $1,975.4 million, represent the operating costs
measured from total assignment of obligations to each air traffic facility.  Generally,
each AT facility is a separate cost center in DAFIS and the assignment of costs is
straightforward.  In some cases, however, a single cost center includes co-located
TRACON and Limited Radar Tower facilities.  When this occurred, costs were
apportioned using the average costs of co-located facilities that did have separate
DAFIS cost centers.  Each AT cost center was matched with a location identifier
(LOCID), which was used to aggregate other ATS site costs as they were identified.  The
ATS direct costs for a LOCID consist of controller salaries and related costs, facility
operating costs and other expenditures tracked for the individual field facilities.  Air
Traffic direct costs were included in the cost of service models.

5.3.2 Air Traffic Program Support Costs

Air traffic program support costs were developed from the build-up of AT costs
in the Tier Model, shown in Table 5-1.  These costs include:

C Regional AT Programs costs (Tier 4);
C National AT Programs costs (Tier 3);
C Tier 1, Tier 2A and Tier 2T costs apportioned to AT.

AT program support costs, which total $430.7 million, were treated as common
or fixed costs by flight environment and were not used in the cost of service models.



5-4 Allocation of Air Traffic Services Costs to Users

FAA FY 1995 Cost Allocation Study
March 19, 1997

5.3.3 Airway Facilities Direct Costs

Airway Facilities maintenance is organized into sectors, AF sector field offices
(AFSFOs) and AF sector field office units (AFSFOUs).  AF sectors and their associated
field offices and field office units maintain a set of facilities that each serve one or more
ATS facility within a geographic area.

There are over 50,000 individual airway facilities in the FAA’s National Airspace
System (NAS); these include air traffic control systems, navigation equipment, airport
lighting, buildings, and so forth.  Each airway facility item is recorded in an automated
inventory record system, the Facility Master File (FMF).  AF staffing is based on the
number and type of facilities in the NAS inventory and the expected annual work time
(in hours) to maintain each facility.  The Employee Years Summary (EYS) contains the
estimated annual hours to maintain each airway facility item.  

Developing AF site costs involved distributing direct maintenance costs for each
AF field unit to the set of facilities for which it is responsible, based on the projected
workload in the EYS to maintain that set of facilities.  Direct maintenance costs consist
of technician salaries and benefits, travel expenditures, and other related costs.  Each
airway facility was then associated with an AT facility location identifier (LOCID) and
grouped by flight environment.  

C Direct AF costs were totaled by cost centers, which include Sectors,
AFSFOs, and AFSFOUs.

C Using the FMF (which identifies airway facilities by cost center, LOCID of
each facility and the percentage of maintenance currently performed
under contract) and the EYS data bases, AF field maintenance annual costs
were allocated to individual facilities. 

C A master equipment-type inventory file was developed that associated
specific types of airway facilities equipment with flight environments. 
This initial equipment assignment to flight environment was applied to
the facilities in the FMF.

AF direct costs, totaling $487.6 million, were used at the site level in the cost of service
models.



Allocation of Air Traffic Services Costs to Users 5-5

FAA FY 1995 Cost Allocation Study
March 19, 1997

5.3.4 Airway Facilities Sector Costs

Airway Facility sector costs include a concentration of administrative and
automation support (e.g., remote maintenance monitoring) for a set of AFSFOs and
AFSFOUs.  As such, there is little direct maintenance for the types of facilities identified
in the FMF.  AF sector costs were distributed as an indirect cost to the facilities
maintained by the AFSFOs and AFSFOUs in each AF sector.

C AF sector primary cost centers were identified in both DAFIS (for direct
maintenance costs) and the FMF (for labor).

C AF sector primary sector costs were totaled and distributed to facilities in
other sector cost centers based on their relative percentages of total sector
labor (less primary sector labor). 

AF sector costs of $110.1 million were added to AF direct costs and used in the cost of
service models.

5.3.5 Airway Facilities Program Support Costs

Airway Facilities program support costs were developed from the build up of AF
costs in the FAA Tier Model shown in Table 5-1.  These costs include:

C Regional AF Programs costs (Tier 4);
C AF National Programs costs (Tier 3);
C Tier 1, Tier 2A and Tier 2T allocations.

AF program support costs of $344.5 million were treated as a common cost of a flight
environment and were not used in the cost of service models, but are included in total
ATS costs.  They are allocated to users and overflights in Section 6.

5.3.6 Logistics Costs

DAFIS does not detail annual logistics costs by AF sector, type of equipment, or
AT facility.  Rather, current year logistics costs include the replenishment of spare parts,
the refurbishment of existing parts and equipment, and the operation of the FAA
Logistics Center.  The FAA Logistics Center does track the movement of material
though its Logistics Inventory System (LIS), which identifies each transaction by the
field cost center to which a part was issued.  However, materials issued through LIS 
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could have been purchased or refurbished in prior years, placed in inventory, and not
issued to the field until the current year.

Logistics costs for each site were developed in the following steps:

C Completed LIS transactions were identified.

C Transactions in which material was issued by the Logistics Center were
totaled for each AF Sector.

C Each AF sector’s percentage of total Logistics Center material transfer
costs was multiplied by direct Logistics Center Operations and F&E
obligations, along with allocations of Aeronautical Center indirect costs
and transfers from other Aeronautical Center business activities.

Because there were many indirect costs included within the Logistics Center costs that
were assigned to sites, and because these cost assignments were made using a variety of
allocations, FAA Logistics Center costs were not included in the ATS cost of service
models.  Instead, in order to have only directly traced costs in the site cost models, they
were treated as common costs of the flight environment.  FAA Logistics Center costs
totaled $140.7 million.

5.3.7 Flight Inspection Costs

Flight Inspections are tracked by the Aircraft Management Information System
(AMIS).1  Among the data collected are the Flight Inspection Assurance Office (FIAO),
the type of inspection, the LOCID of the facility inspected, the facility owner (e.g., FAA,
military, foreign, state, private, etc.) and the number of hours flown to perform the
check.

Flight inspection costs are based on an allocation from the Office of Aviation
System Standards (AVN), which is located at the Aeronautical Center.  AVN’s major
business functions include flight procedures development, the Aircraft Program (flight
inspection and flight proficiency as well as maintenance of FAA aircraft) and the Civil
Aviation Registry.  The approach for the development of flight inspection site costs is as
follows:
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C The build-up of flight inspection costs includes direct FIAO costs plus a
distribution of AVN indirect costs (including flight procedures
development), which is first apportioned between the Aircraft Program
and the Civil Aviation Registry and then between flight inspection and
flight proficiency within the Aircraft Program.

C Flight Inspection indirect costs are allocated to FIAOs based on their
relative percentage of total FIAO inspection hours.

C Each FIAO has its own support costs (e.g., proficiency flying, aircraft
maintenance checks, etc.), which are apportioned by the relative
inspection hours flown for each type of facility owner (FAA, military, etc.).

C Individual FIAO direct expenditures along with total support costs are
apportioned to LOCIDs based on the percentage of inspection hours flown
at each LOCID.

The flight inspection costs for each FAA facility were included in the cost of service
models.  Over all facilities, these costs totaled $54.1 million.

5.3.8 Operational Telecommunications

The FAA has two major telecommunications systems: operational and
administrative.  Operational telecommunications support the production of air traffic
services and administrative telecommunication costs were generally distributed to
LOBs and activity centers in Tier 1. 

Only the total lease cost of telecommunications is reported in DAFIS.  The
Telecommunications Information Management System (TIMS) provides data on circuit
costs and facilities served by specific circuits.  The DOT Volpe Center, which manages
TIMS, provided data on circuit costs, including a listing of some circuits whose costs
were assigned to a single facility (the “owning” facility).  TIMS data were used to
develop site cost distributions which were applied to total leased telecommunications
costs from DAFIS.  A private company, Aeronautical Radio Incorporated (ARINC),
provides telecommunications support between aircraft operating in the oceanic
environment and ARTCCs.  The following steps were used to assign
telecommunications costs:

C The distribution of TIMS circuits costs was applied to total DAFIS leased
telecommunications costs.
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C Owning facility costs from TIMS were assigned to owning facilities.

C Other circuit costs were equally divided equally among the facilities using
them.

C Circuits without facility identifiers were allocated to a flight environment
or were considered a common cost of ATS.

C Common communications costs were distributed among flight
environments based on direct AT costs.

C ARINC costs were distributed among the three centers with “deep ocean”
responsibilities (New York, Oakland and Anchorage).

Telecommunications costs of $129.8 million could be identified with individual ATS
sites and were included in the cost of service models.  Telecommunications costs of
$126.5 million which were common to a flight environment or common to all ATS were
treated as a common cost and were not used in the cost of service models.  Total
operational telecommunications costs were the sum of these two amounts, or $256.3
million.

5.3.9 Medical Field Office Costs

The Office of Aviation Medicine funds field offices at en route centers which deal
with the occupational health and physical qualifications of air traffic controllers and
other staff.  The costs of these field offices at each facility were isolated and were
included as a site cost for en route centers.  These costs totaled $2.2 million.

5.3.10 F&E and RE&D Costs

ATS F&E and RE&D costs of $2,446.8 million were developed through the Tier
Model as noted in Section 3.  Major F&E programs were evaluated to determine if the
cost of end items of NAS equipment could be isolated.  These costs for FY 1995 were
assigned to sites based on the number of end items at each ATS facility.  These costs,
which totaled $1,133.7 million, were included in the cost of service models as F&E site
costs.  The remaining F&E and all RE&D costs, totaling $1,313.1 million, were treated as
a common cost of a flight environment.
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5.3.11 Division of ARTCC Costs (Domestic and Oceanic)

Two types of en route air traffic control services are provided by ATS.  In the
domestic environment, aircraft separation is by radar.  In the oceanic environment,
aircraft separation is by procedure (reported location, time and distance).  There are five
ARTCCs that provide both domestic and oceanic control:

C New York ARTCC (ZNY);
C Miami ARTCC (ZMA);
C Houston ARTCC (ZHU);
C Oakland ARTCC (ZOA);
C Anchorage ARTCC (ZAN).

DAFIS does not maintain separate cost centers for the domestic and oceanic activities of
ARTCCs.  In order to develop cost of service models for domestic and oceanic en route
services at these facilities, it was necessary to divide each facility and its costs into a
domestic and oceanic portion.  The following assignments of costs were made:

C Air Traffic costs were distributed based on the relative number of
domestic and oceanic controllers at each facility.

C Airway Facilities direct maintenance costs, which totaled $58.9 million, for
each ARTCC facility were apportioned between domestic and oceanic en
route services based on the relative number of controllers.  

C Direct oceanic F&E costs were developed through an analysis of
individual programs.

C Medical costs were divided based on the number of domestic and oceanic
controllers.

C Oceanic telecommunications were based on ARINC charges; other
telecommunications costs applied to the domestic portion of the facility.

5.3.12 Summary of FY 1995 ATS Costs and ATS Site Costs

Table 5-2 summarizes the distribution of ATS costs among the cost categories
described above.  Some of these costs were treated as common costs of the flight
environment, and remaining costs were used in the cost of service models.  Table 5-3 
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presents a summary of ATS costs by flight environment and facility type.  It shows the
FY 1995 site costs in each category that were used as inputs to the cost of service
models.  As can be seen, $3.8 billion (59 percent) of the $6.3 billion in total ATS costs
were used in the cost of service models.  As noted above, costs that could not be
identified at individual facilities--AT and AF indirect costs, logistics costs, some
telecommunications and F&E and RE&D costs--were not included in the cost of service
models.

Table 5-2

FY 1995 ATS COSTS
($MILLIONS)

Air Traffic Direct Costs $1,975.4

Air Traffic Program Support Costs 430.7

Airway Facilities Direct Costs 487.6

Airway Facilities En Route Costs 58.9

Airway Facilities Sector Costs 110.1

Airway Facilities Program Support Costs 344.5

Logistics Costs 140.7

Flight Inspection Costs 54.1

Operational Telecommunications 256.3

Medical Field Office Costs 2.2

F&E/RE&D Costs 2,446.8

Total $6,307.5
            
               Note:  Total may not add due to rounding.
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Table 5-3

SUMMARY OF ATS SITE COSTS
FY 1995 ($Millions)

FACILITY TYPE

Air 
Traffic 
Direct

Airway
Facilities

Direct

Airway
Facilities

En 
Route

Flight
Inspection

Medical
Field 

Offices

Direct 
Tele-

communications
Site 
F&E

Input for
Cost of
Service
Models

Total
Costs

ARTCCs
Domestic Costs
Oceanic Costs

$775.3
50.1

$146.5
12.5

$58.9
0.0

$6.1
0.0

$2.0
0.2

$44.1
21.7

$656.8
63.9

$1,689.8
148.3

$2,594.5
192.1

All ARTCCs 825.3 159.0 58.9 6.1 2.2 65.8 720.7 1,838.1 2,786.6

TERMINALS
Tracon
Radar Tower
Limited Radar Tower
Non-Radar Tower
VFR Tower
Contracted Tower
Non-FAA Staffed 
   Facility*

228.5
443.8
110.7

6.6
113.2
15.1

0.5

48.6
109.1
35.7
3.7

38.6
9.8

56.3

0.3
12.6
6.4
0.7
5.6
2.2

20.2

4.9
15.2
5.9
0.3
6.0
1.9

1.8

60.4
188.2
66.4
3.1

50.3
11.7

12.7

342.8
768.8
225.2
14.4

213.7
40.5

91.5*

690.8
1,320.6

364.5
26.8

358.8
62.2

165.3

All Terminals 918.5 301.9 47.9 36.0 392.8 1,697.0 2,989.0

FLIGHT SERVICE
STATIONS
Automated
Non-Automated

220.4
11.2

21.8
4.9

25.3
2.7

20.3 287.8
18.8

491.6
40.3

All Stations 231.6 26.7 28.0 20.3 306.6 531.9

TOTALS $1,975.4 $487.6 $58.9 $54.1 $2.2 $129.8 $1,133.7 $3,841.7 $6,307.5

*Cost models could not be reliably estimated for these facilities; as such, the inputs to the cost of service   
models are included as a fixed cost of the Terminal environment.

5.4 FAA ACTIVITY DATA

Activity levels at FAA facilities were used as inputs to the cost of service models.  
FAA collects activity data at air traffic facilities and compiles the data for use by FAA
and others.2  There are three kinds of AT facilities, generally referred to as flight
environments:  En Route, Terminal and Flight Service.  In the CAS, each facility that
provided data was assigned to a flight environment and facility type, as follows:  En
Route (Domestic or Oceanic ARTCC); Terminal (TRACON, Radar Tower, Limited
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Radar Tower, VFR Tower, FAA Contract Tower, non-Radar Tower) or Flight Service
(Automated Flight Service Station and Non-Automated Flight Service Station).3  Table 
5-4 shows the number of facilities of each type.  Each facility type is described briefly
below.  

Table 5-4

FACILITY DESIGNATIONS

Air Traffic Facility Number of Facilities

En Route (ARTCCs)
     Domestic Only
     Oceanic + Domestic
          Total En Route

16          
 5          

21          

Terminal
     TRACONs
     Radar Towers
     Limited Radar Towers
     Non-Radar Towers
     VFR Towers
     Federal Contract Towers
     Non-Federal
          Total Terminal

35          
150          

43          
      11          

173          
61          

1,612          
2,085          

Flight Service
     Automated
     Non-Automated
          Total Flight Service

58          
35          
93          

5.4.1 En Route Facilities 

Air Route Traffic Control Centers (ARTCCs) provide air traffic control service to
aircraft operating on IFR flight plans within controlled airspace, principally during the
en route phase of flight.  When equipment capabilities and controller workload permit,
ARTCCs may also provide certain advisory/assistance service to visual flight rules
(VFR) aircraft.  

In the CAS, a distinction is drawn between oceanic and domestic en route
services.  These are costed out separately because they provide different types of control
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services (radar vs. procedural).  FAA operates a total of 21 ARTCCs, all of which
provide domestic en route services; five of the facilities also provide oceanic services.

5.4.2 Terminal Facilities

Terminal facilities include Terminal Radar Approach Control (TRACON), Radar
Approach Control (RAPCON), Center Radar Approach Control (CERAP), Radar 
Towers, Limited Radar Towers, Non-Radar Towers, VFR Towers, Federal Contract
Towers and other Non-Federal facilities.  Overall, there are more than 2,000 terminal
facilities.  Of these, 480 facilities are staffed with FAA or contract air traffic controllers. 
At the 1,612 non-Federal terminal facilities, the FAA only maintains, installs, or
performs flight checks on ATC equipment or navigation and landing aids.  Although
each of these facilities provides terminal services, the extent of the service provided
varies.

TRACONs--Use radar and air/ground communications to provide approach
control services to aircraft arriving, departing, or transiting the airspace controlled by
the facility.  Service at these facilities may be provided to both civil and military airports
in the surrounding area.  RAPCONs are located at U.S. Air Force Bases. They also use
surveillance and, normally, precision approach radar and air/ground communication
equipment to provide approach control services.  A RAPCON may be operated by the
FAA or the U.S. Air Force, and service may be provided for both civil and military
airports.  CERAPs are combined ARTCC and TRACON facilities.  For the purpose of
cost allocation, RAPCONs and CERAPs operated by FAA were included in the
TRACON totals.  In FY 1995, there were 35 FAA-operated TRACONs. 

Radar Towers--Use radar and non-radar capabilities to provide approach control
services to aircraft arriving, departing, or transiting airspace controlled by the facility. 
These towers provide radar approach control services to aircraft operating in the
vicinity of one or more civil and/or military airports in the terminal area.  A Radar
Tower acts as a TRACON for the primary airport in the terminal area.  In FY 1995, there
were 150 Radar Towers.  

Limited Radar Towers--Provide tower control services to aircraft handled by a
TRACON.  Because a single TRACON can serve multiple Limited Radar Towers, there
were more Limited Radar Towers (43) than TRACONs in FY 1995.  (For example, the
New York TRACON provides primary approach control services to the Limited Radar
Towers at EWR, JFK, and LGA.) 

Non-Radar Towers--Provide approach control service without the use of radar. 
In general, these are in locations where FAA has determined that approach control
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services are required but where it is not feasible because of terrain or other reasons to
install radar.  In FY 1995, FAA operated 11 Non-Radar Towers.  

VFR Towers--Provide takeoff and landing services only.  They do not provide
approach control services.  There were 173 VFR Towers operated by FAA in FY 1995.  

FAA Contract Towers--Low activity (Level I) VFR Towers providing air traffic
control services for a municipality or subdivision under contract with the FAA.  At
these towers, the municipality has the option of using its own employees or
subcontracting for these services.  In FY 1995, there were 61 Federal Contract Towers.  

Non-Federal Facilities--FAA incurred costs at 1,612 terminal facilities in FY 1995. 
Most costs are for installation and maintenance of navigation, landing aids and other
systems.  These facilities are not staffed by FAA controllers or operated under contract
to FAA.

5.4.3 Flight Service Facilities

Flight Service Stations (FSSs) are air traffic service facilities that provide pre-
flight pilot briefings and en route communications with VFR flights; assist lost IFR/VFR
aircraft; assist aircraft having emergencies; relay ATC clearances; originate, classify, and
disseminate Notices to Airmen; broadcast aviation weather and national airspace
system (NAS) information; receive and close flight plans; monitor radio navigational
aids; notify search and rescue units of missing VFR aircraft; and operate the national
weather teletypewriter systems.  In addition, at selected locations, FSS specialists take
weather observations, issue airport advisories, administer airmen written examinations,
and advise Customs and Immigration of transborder flights.  

Flight Service Stations may be automated (AFSS) or non-automated (FSS).  FAA
embarked on a program in the 1980s to replace over 300 existing Flight Service Stations
with 61 AFSS facilities.  Today, FAA has almost completed the program.  It operates 58
AFSS facilities and 35 non-automated FSSs.  FAA is gradually closing the FSSs, although
a small number may be retained in response to particular local conditions.

5.4.4 FAA Activity Measures by Facility Type and User Group

Each facility type collects different data to measure its output of ATS services. 
Departures, domestic overflights (or overs), oceanic overs and VFR advisories are
tabulated for ARTCCs.  Activity statistics collected at terminal facilities include
instrument operations (primary and secondary operations and overflights) and airport
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operations (local and itinerant operations).4  FSS activity data include aircraft contacted,
airport advisories, radio contacts, pilot briefs, and flight plans originated.  Figure 5-1
summarizes the activity measures by facility type.  

Figure 5-1

ACTIVITY MEASURES AT FAA FACILITY TYPES 

En Route (ARTCCs)
 - Domestic
 - Oceanic

 -
Activity Measures
 - Departures
 - Domestic Overs
 - Oceanic Overs
 - VFR Advisories

Terminal
 - TRACON
 - Radar
 - Limited Radar
 - Non-Radar
 - VFR
 - Federal Contract
 - Other

 -
Activity Measures
 - Primary Operations
 - Secondary Operations
 - Overflights
 - Itinerant Operations
 - Local Operations

Flight Service
 - Automated
 - Non-Automated  -

Activity Measures
 - Aircraft Contacted
 - Airport Advisories
 - Radio Contacts
 - Pilot Briefs
 - Flight Plans Originated

In most cases, FAA facilities collect data for the four FAA user groups:  air carrier (AC),
air taxi/commuter (AT), general aviation (GA), and the military (MI).  Figure 5-2 shows
the activity by user group at en route, terminal and flight service facilities.  Air carriers
account for over one-half the activity at ARTCCs, while general aviation is the principal
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5
FAA does not track user type information for many of the outputs of Flight Service Stations and

automated Flight Service Stations, such as pilot briefs, flight plans filed, and so forth.

6
Handles = 2 * Departures + Overflights; Instrument Operations = Primary Operations +

Secondary Operations + Overflights; Airport Operations = Itinerant Operations + Local Operations.
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Terminal  Instrument 
Operations

AC
35%

MI
6%AT

23%

GA
36%

FSS Aircraft Contacts

AC
4%

MI
5%

AT
15%

GA
76%

ARTCC Handles

AC
52%

MI
11%

AT
17%

GA
20%

Terminal Airport Operations

AC
22%

MI
4%

AT
16%

GA
58%

user of Flight Service Stations.5  At terminal facilities, air carriers, air taxi/commuter
and general aviation are all users of these services.  Activity data by user group are used
in the ATS cost of service models to estimate unit costs.  These models are described in
the next section.  

Figure 5-2

SERVICES PROVIDED BY FAA FACILITIES BY FAA USER GROUP6
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5.5 COST OF SERVICE MODEL DEVELOPMENT

5.5.1 Model Form

FAA activity data and ATS line of business costs assigned as site costs were used
to develop cost of service models.  The general form of these models is as follows:

SCi = " + $1 + $2 ...$n + MC11Qi11 + MC12Qi12 + ... + MCjk 
. Qijk

where:

SCi =   costs at individual site i
"    = constant
$i   = categorical variable or variables representing the presence or

absence of some condition
MCjk = the incremental cost of producing an additional unit of service j for

a user of type k 
Qijk = the number of units of service j consumed by user k at site i

The models were estimated using linear regression techniques.  Where relevant,
categorical variables were included in the models to capture the differences in site costs
resulting from variations in average pay grades and the higher costs associated with
Alaskan facilities.  A detailed presentation of each of the cost of service models is
presented below in Technical Supplement B:  ATS Cost of Service Models.

5.5.2 Selection of Models by Facility Type

Separate cost of service models were used for each flight environment.  Within
these, facilities were grouped to reflect their different characteristics, as follows:

C Costs of en route services were estimated separately for domestic and
oceanic en route services.  

C Two models were developed for TRACONs, one for high activity and one
for low activity facilities.  

C A single model was developed for Non-Radar, VFR, and Contract Towers. 
Differences among these facilities were controlled for with categorical
variables.

C Separate cost models were developed for Radar and Limited Radar
Towers.
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C A number of models were estimated in an effort to explain the cost-
activity relationships at the non-Federal facilities; no model or models
worked particularly well.  Given the large number of such facilities and
their relatively low costs (about $100,000 per site, on average), all site costs
for these facilities were treated as a fixed cost of the terminal ATS
environment.  The remaining costs were treated as common costs.

C A single model was used for FSSs, with a categorical variable to
distinguish between automated and non-automated facilities.

In all, eight linear regression models were estimated to relate site costs to
activity.  The specific activity measures employed as explanatory variables are shown in
Figure 5-3.  

Figure 5-3

ATS ACTIVITY MEASURES BY FACILITY TYPE

Facility Type Activity Measures

Domestic En Route Centers Departures
Overs

Oceanic En Route Centers Overs

TRACONs (High Activity)
TRACONS (Low Activity)

Primary operations
Seconds
Overs

Limited Radar Towers Commercial operations
Non-commercial operations

Radar Towers Commercial operations
Non-commercial operations (itinerant and local)
Seconds
Overs

Non-Radar Terminals 
(Non-Radar, VFR and Contract Towers)

Commercial operations
Itinerant non-commercial operations
Local non-commercial operations

Flight Service Stations Total flight services (Pilot Briefs, Flights Plans and Air
Contacts)

Note: Commercial = Air Taxi, Air Carrier and Commuter
          Non-Commercial = GA and Military
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7
An alternative approach to simply imposing coefficient constraints would be to consider other

non-linear functional forms for the cost of service models.  Early on in the estimation process, log-linear
forms were also estimated; however, statistical tests consistently supported the linear specification. 
These and other issues are treated in more detail in a separate technical supplement to this report.

8
T statistics are shown in parentheses below the parameter estimate.  Fixed site costs are

represented by the constant terms in the models; for domestic en route centers they were estimated to be
$32,194,000.  The coefficient for each service represents the marginal cost of producing an additional unit;
for domestic en route centers they were estimated to be $51.75 for a departure and $25.87 for an over. 

9
Because some facilities reported little or no activity, the number of observations reported for the

regressions is in some cases less than the number of facilities reported in Table 5-4.
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The cost of service models were first estimated allowing the incremental cost of
service to differ for each service and user type.  In most cases, this formulation resulted
in some coefficients that had the wrong sign, were not significant, or had implausible
values.  When this occurred, the model’s specifications were restricted to constrain
some coefficients.  These constraints on the cost of service models are discussed
individually below.  The final models selected were those that had appropriate
statistical properties and where conventional statistical tests indicated that any
restrictions imposed (such as fixed relationships between coefficients) could not be
rejected.7

5.5.3 En Route Center Models

Two models were developed for the en route environment, one for domestic en
route services and the other for oceanic en route services.  The selected model for
domestic en route service was the following:8,9

Cost = $32,194,000 + $51.75 Departures + $25.87 Overs
                            (3.85)            (5.98)                         (5.98)

Adjusted R2:  0.63
Observations:  21

The domestic en route model was constrained to have the cost of a departure be twice
that of an over, consistent with FAA activity measures.  The data did not support
variation of incremental costs by user type.  None of the categorical variables warranted
inclusion in the model.
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The selected oceanic en route model was the following:

Cost = $15,801,000 + $56.25 Oceanic Over + $19,946,000 Alaska
                            (2.31)            (2.02)                                   (2.12) 

Adjusted R2:  0.49
Observations:  5

The model shows that costs for oceanic en route services at the Anchorage ARTCC are
higher than those at the other ARTCCs that provide oceanic services.

5.5.4 Terminal Cost Models

FAA operates many kinds of terminal facilities, depending on the level of activity
and the airspace complexity in specific areas.  Several cost of service models were used
to capture the differences in the production costs for these terminal facilities.

5.5.4.1  TRACONs--Two cost models were estimated for TRACONs, one for
facilities with a high level of primary operations and one for facilities with a low level of
primary operations.  

The selected cost model for high activity TRACONs was:

Cost = -$2,575,200 + $22.17 Operation 
                           (1.93)             (13.78) 

Adjusted R2:  0.896
Observations:  23

The selected model for low activity TRACONs was:

Cost = $1,028,600 + $11.73 Operations 
                           (1.89)           (6.34)

Adjusted R2:  0.85
Observations:  8 

For both high and low activity TRACONs, the data did not support differences in
cost among the different output measures (primary, seconds or overs) or among 
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users.  Operations in this model represents the total of the three measures.  No
categorical variables warranted inclusion in the cost of service model.

5.5.4.2  Radar Towers--Radar Towers function like a combined TRACON and
Limited Radar Tower.  The following cost model was selected for Radar Towers:

Cost = -$106,900 + $23.76 Commercial Ops + $6.51 Itinerant Non-commercial Ops
                (-0.27)      (22.51)                                   (2.08)
                                 + $4.43 Local Non-commercial Ops + $10.14 Seconds 
                                    (1.18)                                                       (5.19)
                                    + $8.39 Overs + $1,356,200 Alaska + $852,760 Facility Level
                                           (3.25)                    (1.74)                        (4.51)

Adjusted R2:  0.95
Observations:  149

There is diversity in the size and cost of Radar Towers, and the selected cost of
service model shows that costs are higher in Alaska and at higher level facilities.  FAA
staff costs are higher in Alaska because of special pay and allowances to reflect the high
cost of living.  Facility level affects the pay grade of full performance level controllers,
with higher pay grade controllers at higher level facilities.

5.5.4.3  Limited Radar Towers--The following cost model was selected for
Limited Radar Towers:

Cost = -$320,490 + $9.86 Commercial Operations
                            (-0.37)      (6.35)
                                          + $1.79 Non-commercial Operations
                                              (0.69)
                                          + $817,200 Facility Level
                                              (2.66)

Adjusted R2:  0.85
Observations:  43

 The data did not support differences in the cost per operation among commercial
operators (air carrier and air taxi/commuter).  Non-commercial operations (GA and
military) had a lower incremental cost per operation, but this cost did not differ
between local and itinerant operations.  The selected cost of service model shows that
costs are higher at higher level facilities.
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5.5.4.4  Non-Radar Terminals--A single cost of service model was estimated for
Non-Radar Towers, VFR Towers and Contract Towers.  Categorical variables were used
to indicate VFR and Contract Towers and to control for the influence of higher facility
levels.  The model utilized for cost of service estimates was:

Cost = $714,730  - $241,740 VFR - $112,120 Contract
               (6.87)         (-2.74)                (-0.87)
                                         + $3.72 Commercial Ops + $3.20 Itinerant Non-Commercial Ops
                                             (3.67)                                  (4.08)
                                    + $0.74 Local Non-Commercial Ops + $325,930 Facility Level
                                            (0.97)                                                         (5.20)                      

Adjusted R2:  0.61
Observations:  245

The model estimates the fixed costs of a Non-Radar Tower to be $714,730 per
year.  However, if it is a VFR Tower, these costs are reduced by $241,740 per year; if it is
a Contract Tower, they are reduced by a further $112,120.  The fixed costs increase by
$325,930 for each increase in the facility level.  There is a small difference in the
incremental cost of commercial and non-commercial itinerant operations.  Local non-
commercial operations have a low estimated incremental cost, but the coefficient is not
statistically significant.

5.5.4.5  Flight Service Stations--FAA operates two types of flight service stations: 
non-automated and automated.   The following cost function was estimated:

Cost = $85,929 + $8.36 Pilot Briefs + $8.36 Flight Plans + $4.18 Air Contacts
              (0.61)     (10.94)                       (10.94)                        (10.94)
                          + $626,190 Alaska + $2,433,600 Automated
                                       (3.04)       (10.1)

Adjusted R2:  0.92
Observations:  93

The coefficients on pilot briefs and flight plans were constrained to be equal to each
other and to be twice that of air contacts, consistent with FAA’s measurement of total
flight services.  FAA does not record user types for flight plans and pilot briefs
provided.  Although FAA records user types for air contacts, no model that produced
estimates of incremental cost differing by type of air contact had other parameters
deemed to be reasonable.
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Table 5-5

ATS INCREMENTAL COSTS
BY FACILITY, SERVICE AND USER TYPES

Facility Constants

En Route
Centers
  - Domestic

  - Oceanic

Departure             Overflight
$51.75                   $25.87
                             
                              $56.25

Regression:  $32,194,000

Regression:  $15,801,000
Alaska:  +$19,946,000

TRACONS
  - High Activity

  - Low Activity

Primary/Secondary Overflight
$22.17

$11.73

Regression:  -$2,575,200

Regression:  $1,028,600

Limited Radar
  Tower

Commercial Operation
$9.86

Non-Commercial Operation
$1.79

Regression:  -$320,490
Facility Level:  +$817,200

Radar Towers
                           
                             Itinerant Non-                                                     
Commercial          Commercial
$23.76                   $6.51

Local Non-         Seconds          Overs
Commercial          (All)                 (All)
$4.43                  $10.14             $8.39

Regression:  -$106,900
Alaska:  +$1,356,200

Facility Level:  +$852,760

Non-Radar
  Towers

                             Itinerant Non-
Commercial          Commercial
$3.72                     $3.20               

Local Non-
Commercial
$0.74

Regression:  +$714,730
Facility Level:  +$325,930

VFR:   -$243,740
Contract Towers:   -$112,120

Flight Service
  Stations

Pilot Briefs             Flight Plans
$8.36                      $8.36

Air Contacts
$4.18

Regression:  $85,929
Alaska:  +$626,190

Automated:  +$2,433,600

Incremental Cost Coefficients

5.6 SUMMARY

Table 5-5 summarizes the cost of service model coefficients by facility, service
and user type.  These estimates of incremental cost are used in Section 6 to allocate the
direct costs of ATS services to the eleven user types and overflights.  Section 6 also
shows the incremental and fixed costs for each ATS facility type as well as the costs
which are common among a facility type or common to all ATS services.  Section 6 also
presents the allocation of ATS and non-ATS common and fixed costs to users.  

Table 5-6 summarizes the costs by ATS facility type.  It shows that $3.8 billion of
site costs were inputs to the cost of service models.  Of this, about $2.2 billion represent
estimated direct or incremental costs of individual services while $1.6 billion was in the
constant terms of the site cost equations.  The sum of the $3.8 billion in site costs and
$2.5 billion in common costs results in ATS line of business costs of $6,307.5 billion.
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Table 5-6

ATS COST SUMMARY BY FACILITY TYPE
FY 1995 ($Millions)

Site Cost of Service Models
Common ATS

Costs
Total Cost
of Service

Incremental
Costs Fixed Costs Total Site Costs

Domestic En
Route $1,196.1 $493.7 $1,689.8 $904.7 $2,594.5

Oceanic En
Route 26.6 121.7 148.3 43.8 192.1

Terminals 874.8 822.1 1,697.0 1,292.1 2,989.0

Flight Service 147.1 159.4 306.6 225.3 531.9

All Facility
Types $2,244.4 $1,596.9 $3,841.7 $2,465.8 $6,307.5

Note: Totals may not add due to rounding.



FAA FY 1995 Cost Allocation Study
March 19, 19976-1

6.0 ALLOCATION OF FAA COSTS TO USERS

6.1 INTRODUCTION

The final allocations of FY 1995 FAA costs to the eleven CAS user types and
overflights were initiated by applying the incremental costs of ATS services developed
in Section 5.0 to the estimated FY 1995 levels of aviation activity.  Then, common and 
fixed costs were allocated to users through an economic optimization technique known
as Ramsey pricing.  Non-ATS incremental costs (see Section 4.0) were then added to
complete the allocation of total FAA costs to users.  A complete explanation of Ramsey
Pricing and its application to the allocation of FAA common and fixed costs is contained
in Technical Supplement A: Ramsey Pricing.  

6.1.1 Cost Allocation Options

There are a large number of potential methods to allocate common and fixed
costs among the various users of FAA services.  Traditional methods, such as fully
distributed cost allocation, allocate common and fixed costs based on proportions of
output, revenue, incremental costs, or other measures that are attributed to each
product line or customer group.  When common and fixed costs are significant, the
method of allocation can have important effects on the prices charged by an
organization for its output.  Since the behavior of users will change in response to
changes in the prices of products they buy, one consequence of a cost allocation, to the
extent that it results in changed prices, is that user behavior will be altered.  Traditional
methods of cost allocation are not designed to take account of changes in user behavior,
but in the case of FAA’s cost allocation, this effect is of particular importance.  Since
FAA services have never been priced, and since the aviation and passenger taxes paid
by users of FAA services have had no direct relationship with the costs that users
impose on FAA, it is essential that the effect on user behavior of future user fees based
in part on the allocation of costs among users be taken into account.  

The method selected for allocating FAA’s common and fixed costs among user
groups, Ramsey Pricing, is explicitly based on the likely response of users to changes in
their costs due to changes in fees or taxes they might pay for FAA services.  The Ramsey
Pricing method also assures that each user pays at least the incremental costs of serving
it so one user does not cross subsidize another.  All users, including those paying less
than average total cost, therefore make a contribution to the recovery of common and
fixed costs.  In addition, as long as each user type is allocated less than the cost of
producing the service for that single user type alone (this is referred to as the 
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1
This is measured in reference to the level of services that would be demanded if prices were set

equal to incremental cost. 

2
The concept of economic surplus is a mathematical construct that measures the benefit to

society--or in this case to the users of ATS services--of a particular action, policy or system of user cost
allocations.  In the allocation of FAA costs to users, some loss is inevitable if all FAA costs are to be 
covered; some users will pay more than the incremental cost of service and consume fewer services than
they otherwise would.   The minimization of this loss is the optimal result for the users as a group.
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user type’s stand-alone cost), it is better off having the services jointly produced for all
users.  Other methods, such as allocating common and fixed costs equally among users
or in proportion to incremental ATS costs, tend to impose relatively larger burdens on
smaller aircraft operators or shorter flights.  As a result, more users would elect to not
use FAA services than under the Ramsey allocations.  The Ramsey solution results in
the greatest use of FAA services while recovering the full cost of service from users.1

The problem addressed by Ramsey Pricing is quite common in public utility,
transportation and other capital intensive industries.  Because common and fixed costs
are large, an allocation to users that included only incremental costs would not cover
the total costs incurred by FAA to produce services for users.  When Ramsey Pricing is
used to allocate these fixed and common costs to users, the effect is to vary the amount
of common or fixed costs allocated to a user type based on the likely impact of such a
cost change on user behavior.  Users whose demand for service is more (less) sensitive
to cost changes are allocated a smaller (larger) amount of common and fixed costs.

6.1.2 The Ramsey Pricing Allocation

Two major analytic tools were developed to allocate FAA common and fixed
costs to users:

• Flights Module--This module builds up detailed aviation activity counts
by CAS user type to equal reported activity counts at FAA ATS facilities. 
Figure 6-1 presents the data sources and user definitions utilized.  

• Ramsey Pricing Module--This optimization module allocates common and
fixed costs among users in a way that minimizes the loss in economic
surplus while assuring the recovery of all FAA costs.2
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Figure 6-1

USER DEFINITIONS/DATA SOURCES

FAA Users (All ATADS) CAS Users CAS Source

Air Carrier

Air Taxi/Commuter

General Aviation

Military

Domestic Jet
Charter
All-Cargo
International
Commuter
Air Taxi

GA Piston
GA Turbine
Rotorcraft

Military
Other Public

T-100/OAG
T-100/ETMS
T-100/ETMS
T-100/OAG
T-100/T-1/OAG
ETMS/VITALS/GA Survey

ETMS/GA Survey
ETMS/GA Survey
ETMS/GA Survey

ETMS
ETMS/VITALS/GA Survey

Note:  ATADS: Air Traffic Activity Data System
OAG: Official Airline Guide
T-100: A schedule of service segment data filed by carriers with DOT
T-1: A schedule of flight operations data filed by commuter carriers with DOT
ETMS: Enhanced Traffic Management System (flight records)
GA Survey: General Aviation and Air Taxi Activity and Avionics Survey
VITALS: Vital Information Subsystem, maintained by FAA Flight Standards

These tools were constructed and employed in a series of steps, as follows:

C Step 1 - Identify all flights utilizing FAA ATS services and categorize by
each CAS user group and a pre-defined set of distance blocks (each such
category will ultimately be assigned a separate Ramsey price which will
apply to each flight in that category).

Then for each flight:

• Step 2 - Calculate total operating cost of the flight as well as aviation taxes
paid in FY 1995 (if any).
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• Step 3 - Identify specific ATS services used by that flight.

• Step 4 - Calculate the incremental cost of ATS services consumed by
applying the unit costs to the services identified in Step 3.

When these steps are completed for each flight in the database, the total incremental
costs for ATS services is the sum of the results for flights.  In the remaining steps, FAA
common and fixed costs are identified and allocated to users.

• Step 5 - Compute the total ATS common and fixed costs to be allocated,
based on the difference between total ATS costs and the total incremental
ATS costs for all flights.  Aggregate total FAA common and fixed costs by
adding in non-ATS common and fixed costs.

• Step 6 - Aggregate all flights in a given user/distance block combination
to develop a representative flight profile for that category.  Assign a
demand elasticity estimate and derive the corresponding demand curve
for each combination that applies to the representative flight profile; the
elasticity estimate is a measure of the likely change in user flight activity
due to any changes in the overall cost of flying.

• Step 7 - Find the set of overall total flight costs across all user/distance
block combinations that maximize the economic surplus, subject to the
constraint that such total flight costs must cover flight operating costs plus
the full cost (marginal plus common and fixed) of FAA services.

• Step 8 - Compute the Ramsey prices for ATS services as the difference
between the overall costs found in Step 7 and the flight operating costs
found in Step 2 (net of aviation taxes paid in FY 1995).

• Step 9 - Assign the allocated common and fixed costs to users so that no
user bears common or fixed costs for a service it does not use.  In addition,
assure that the incremental, fixed and common costs of each service sum
to the total cost of that service.

• Step 10 - Rescale ATS costs to equal FY 1995 LOB costs before the quantity
reduction due to Ramsey pricing.

Each of these steps is described in detail below.
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6.2 DEVELOPMENT OF FLIGHTS DATA

A database (the Flights Module) of individual flights was compiled to represent
all flights that utilized the FAA air traffic control system during FY 1995.  This included
flights identified from T-100 and T-1 traffic data filings by U.S. and foreign carriers with
the U.S. DOT.  These data were supplemented by flight listings from the Official Airline
Guide.  In addition, a three-day sample of flights developed from the FAA’s Enhanced
Traffic Management System (ETMS) for GA and other users that do not appear in the 
T-100/OAG data was incorporated into the database.  The ETMS flights were scaled up
to represent a full year of activity.  FAA Air Traffic activity counts of local flights were
added to the database, assuming a 20-mile flight length and a return to the origin
airport.

6.2.1 Flights by FAA Users

Flights were initially assigned to one of the four FAA user groups, and then to
one of the following sub-groups (the air taxi group was split into air taxi and
commuter):

• Air Carrier:
- Passenger
- Charter
- Freight

• Air Taxi:
- Passenger
- Freight

• Commuter:
- Passenger
- Charter
- Freight

• GA:
- Non-Commercial Piston Engine Airplane
- Non-Commercial Turbine Engine Airplane
- Non-Commercial Rotorcraft
- Public Aircraft

• Military:
- All
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Each flight was also assigned to one of the following five flight categories:

• U.S. - U.S. (Continental);
• U.S. - Alaska/Hawaii;
• U.S. - Canada/Mexico Exclusion Zones;
• U.S. - Other International;
• Non-U.S. - Non-U.S. (Overflight).

 Flight-specific data included departure and arrival points as well as aircraft
type.  Each flight also was assigned an FAA group designator corresponding to one of
the four FAA user groups as well as a distance block (0-100, 101-250, 251-500, 501-1000,
1001-1500, 1501-2000, and 2001+ miles).

6.2.2 Step 1: Flights by CAS User

The combination of FAA sub-group and flight category permitted estimates to be
made of the aviation taxes that applied to each flight in FY 1995.  The treatment of user
taxes is discussed in more detail below.  Figure 6-2 shows how assignments were made
from the FAA sub-groups and flight categories to CAS user types.  As described in
Section 2, eleven final user types were employed in this study.  One additional user
category, overflights of U.S. airspace, was identified and analyzed.

Table 6-1 shows the estimated FY 1995 flights by CAS user type.  The flight
counts were scaled so that the total number of flights in the database would equal the
total number of flights in the FAA FY 1995 activity data for each major group.  This was
done to ensure consistency with the ATS incremental cost estimates, which were based
on regressions using FAA activity counts (see Section 5).  In total, there were 27.6
million flights.  Commercial users account for over one-half of the flights; the largest
users within the commercial group were domestic jet and commuter passenger flights. 
The largest single user was GA piston, which accounted for almost 30 percent of all
flights.  However, the distance of flights and the amount of FAA services consumed
varies among user categories.
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Figure 6-2

RELATIONSHIP BETWEEN FAA USER GROUPS AND CAS USER TYPES

Air Carrier Passenger

Charter

Freight

All except Overflight/Int'l
International
Overflight
All except Overflight/Int'l
International
Overflight
All except Overflight/Int'l
International
Overflight

X

X

X

X

X

X

X

X
X

Commuter Passenger

Charter

Freight

All except Overflight/Int'l
International
Overflight
All except Overflight/Int'l
International
Overflight
All except Overflight/Int'l
International
Overflight

X

X
X

X

X

X

X

X
X

Air Taxi Passenger

Freight

All except Overflight/Int'l
International
Overflight
All except Overflight/Int'l
International
Overflight

X
X

X

X

X
X

GA Private Piston

Private Turbine

Private Rotor

Public

All except Overflight
Overflight
All except Overflight
Overflight
All except Overflight
Overflight
All except Overflight
Overflight

X

X

X

X

X

X

X

X

Military All All except Overflight
Overflight X

X
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Table 6-1

ESTIMATED FY 1995 FLIGHTS BY CAS USER TYPE

User Type No. of Flights (000) Percentage

Domestic Jet 5,896 21.4%

Charter 207 0.7%

All Cargo 1,627 5.9%

International Passenger 820 3.0%

Commuter 4,538 16.4%

Air Taxi 1,257 4.6%

Commercial Users 14,345 52.0%

General Aviation Piston 8,201 29.7%

General Aviation Turbine 2,187 7.9%

Rotorcraft  1,199 4.3%

GA Users 11,587 41.9%

Military 1,298 4.7%

Other Public Users 153 0.6%

Public Users 1,451 5.3%

Overflights 224 0.8%

Total 27,607 100.0%
Note: Flights that make no use of FAA services are not included.

6.3 DEVELOPING COST/DEMAND RELATIONSHIPS 

In order to allocate common and fixed costs through the Ramsey-based
optimization, it was necessary to develop estimates of the user demand for air traffic
services.  In turn, these depend on the operating cost of specific flights, the elasticity of
demand for ATS services, the incremental cost of ATS services and the common and
fixed costs to be allocated.  These are accomplished in Steps 2 through 8 as described
below.
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Economic Values for Evaluation of Federal Aviation Administration Investment and Regulation

Programs, FAA-APO-89-10, as updated to FY 1995.  The FAA estimates do not include crew costs for GA
or military users.  As a result, external estimates were applied to treat these users comparable to other
user types.  For GA, the FAA’s value of time was used to estimate the value of pilot(s) time.  For military
flight crews, the average hourly compensation of an O-3 grade individual was used.
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6.3.1 Step 2: Flight Costs and FY 1995 Taxes

The total cost associated with each flight was computed using FAA estimates of
direct operating costs which are available by user group for various aircraft types.3 
Total costs were computed as the sum of crew, oil and fuel, and maintenance costs, but
do not include ownership costs.  Estimates of the FY 1995 aviation taxes (if any) paid by
each  flight were incorporated into the total cost of a flight in the following ways:

• For commercial domestic passenger service, the tax per flight from the 10
percent passenger ticket tax was computed.  The tax per flight was
estimated using an average yield curve developed from the DOT’s 10
percent ticket sample based on actual fares paid.  

• For international service, an estimated tax payment per flight from the $6
departure tax was computed, based on seating capacity and load factor.

• For domestic cargo service, the 6.25 percent waybill tax was estimated
using an average yield curve developed from cargo carriers who
submitted Form 41 revenue and cost data to DOT.

• For GA flights, the 15 cent per gallon aviation gasoline tax and 17.5 cent
per gallon turbine fuel tax was computed using estimates of average fuel
consumption rates and speeds for specific aircraft types.

• Military flights pay no existing aviation taxes, but FAA receives General
Fund appropriations to offset the cost of providing services to DOD.  For
purposes of estimating user demand response, it was assumed that ATS
costs for DOD flights were paid for under the current system.

The total cost of a flight is important because it influences the response to the allocation
of FAA costs to users.  If FAA costs are a larger part of total flight costs, the total cost of
that flight will be more affected by an increase or decrease in FAA costs allocated to it.
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MEASURING THE USE OF ATS

One Way:  JFK to SFO
En Route
  Departure*
  5 Overs 
  (ZOB, ZAU, ZMP, ZDV, ZLC)
TRACON
  2 Primary Ops 
  (N90, O90)
Limited Radar ATCT
  2 Primary Ops     

  (JFK, SFO)  

*Departure count at ZNY includes arrival at ZOA

ZSE

ZHU

ZFW

ZKC

ZMP

ZAB

ZDV

ZLC

ZLA

ZOA

ZMA

ZOB

ZME

ZJX

ZTL

ZDC

ZNY

ZBW

ZID

ZAU New York

San Francisco

Oakland 
TRACON 
(O90)

New York 
TRACON 
(N90)
Limited 
Radar 
Tower 
(JFK)

Limited
Radar
Tower
(SFO)

6.3.2 Step 3: Measure of ATS Services by Flights

Figure 6-3 illustrates how the use of air traffic services was measured in the
Flights Module for an individual domestic jet flight from New York (JFK) to San
Francisco (SFO).  The use of en route services was estimated based on the great circle
flight path and the en route centers transited for flights from OAG, T-100 and T-1. 
Flights taken from ETMS records utilize data on the en route centers actually overflown.

Figure 6-3

The flight begins with a departure from the JFK limited radar tower, which
counts as a primary operation at this facility type.  The flight is handed off by the tower
controller to a controller at the New York TRACON, who directs the aircraft through
New York airspace and hands the flight off to a controller at the New York ARTCC; this 
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4
This flight would receive an allocation representing an average share of TRACON

overflight incremental costs, or $1.72.  This allocation was developed proportionately based on total FAA
TRACON overflight counts for each major user group.  Such an allocation method was necessary because
such costs cannot be traced to individual flights.

5
Incremental FSS costs were allocated to flights based on a proportionate share of

 FAA flight service counts.  GA flight services were distributed among GA piston, turbine and public
users based on flight plan and weather brief shares obtained from the GA Survey, while air carrier flight
services were assigned only to commuter flights.  For the example shown, no incremental flight service
costs were assigned to the flight shown because it was a domestic jet flight.

FAA FY 1995 Cost Allocation Study
March 19, 1997

counts as a TRACON primary operation.  The ARTCC controller in the New York 
sector (ZNY) directs the aircraft through that sector and hands off the flight to the next
sector (ZOB).  This initial ARTCC activity counts as a departure (since all departures
must also have an arrival, the departure count assumes both a departure and an arrival
and is counted as two ARTCC handles).  The flight transits five ARTCC sectors on its
route from New York to San Francisco; each counts as an over.  When the flight arrives
in the San Francisco area, the Oakland TRACON picks it up from the ZOA ARTCC
controller and guides the flight to the San Francisco Limited Radar Tower.  A primary
operation is counted for both the Limited Radar Tower and TRACON.

6.3.3 Step 4:  Applying Incremental Cost Estimates

Once the ATS services used by each flight were identified, the next step was to
compute the incremental cost of those services.  The incremental cost of each ATS
service was estimated by the cost-of-service models in Section 5.5, summarized in Table
5-4.  Using those estimates, the costs for the one-way commercial flight from New York
to San Francisco are as follows:

JFK Limited Radar Tower Primary Operation $    9.86
New York TRACON Primary Operation $  22.17
ZNY Departure $  51.75
5 ARTCC Overs @ 25.87 $129.35
Oakland TRACON Primary Operation $  22.17
SFO Limited Radar Tower Primary Operation $    9.86
Total $245.06

In addition, this flight would be allocated an average share of TRACON
overflight incremental costs of $1.72.4  Thus, the total incremental costs for the
commercial one-way flight from JFK to SFO would be $246.78.  Such calculations were
made for each flight in the Flights Module.5



6-12 Allocation of FAA Costs to Users

FAA FY 1995 Cost Allocation Study
March 19, 1997

The incremental costs for the ATS services used by each flight were then
aggregated by user type and flight environment.  Table 6-2 shows that total incremental
ATS costs for all flights in FY 1995 were about $2.2 billion.  Commercial users account
for about 69 percent of incremental costs, while GA accounts for 26 percent, public users
four percent and overflights one percent.

Table 6-2

INCREMENTAL COSTS OF ATS BY USER TYPE AND ENVIRONMENT
FY 1995 ($Millions)

Domestic En Route Oceanic En Route Terminals Flight Services Total Cost

Domestic Jet $450.9 $7.1 $314.0 $0.0 $772.0

Charter 13.3 0.5 8.1 0.0 21.9

All-Cargo 97.4 2.2 65.3 5.8 170.6

International 33.3 10.4 22.1 0.8 66.5

Commuter 218.8 0.0 148.5 12.8 380.1

Air Taxi 71.6 0.0 50.5 8.6 130.6

Commercial Users 885.3 20.2 608.3 28.0 1,541.8

GA Piston 138.6 0.0 168.4 91.9 398.9

GA Turbine 102.5 0.2 44.2 21.7 168.6

Rotor 0.1 0.0 26.5 0.0 26.6

GA Users 241.1 0.2 239.1 113.6 594.1

Military 53.2 0.2 23.9 0.9 78.3

Other Public 9.7 0.0 3.4 4.6 17.7

Public Users 62.9 0.2 27.3 5.5 96.0

Overflights 6.6 5.9 0.0 0.0 12.6

Total by Environment $1,195.9 $26.6 $874.8 $147.1 $2,244.4
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The fixed costs are represented by the constant terms in the cost of service equations developed

in Section 5.5.  In addition, if the incremental costs applied to flights in the Ramsey optimization did not
equal the estimated incremental costs from the cost of service models, the difference was reflected as an
adjustment to fixed costs in order to have the sum of ATS costs equal the estimated FY 1995 ATS costs.  
Common costs are defined as total ATS line of business costs of $6.3 billion minus incremental costs of
$2.2 billion, minus fixed costs of $1.6 billion. 
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6.3.4 Step 5: Estimates of Common and Fixed Costs to be Allocated

Ramsey Pricing or any other cost allocation scheme must provide a method for
considering all costs.  In addition, the projected demand response of users to the
allocation of FAA costs must consider the allocation of common and fixed costs as well
as incremental costs.  Fixed and common costs for Air Traffic Services were estimated to
be about $4.1 billion.  Of these, fixed costs by flight environment were estimated to be
$1.6 billion and common ATS costs $2.5 billion.6  These costs are summarized in Table 
6-3.

Table 6-3

ATS FIXED AND COMMON COSTS
FY 1995 ($Millions)

    Domestic En Route $493.7

    Oceanic En Route   121.7

    Terminal   822.1

    Flight Service   159.4

ATS Fixed Costs $1,596.9

ATS Common Costs  2,465.8

Total Fixed and Common Costs $4,062.7

Finally, as noted in Section 4, the other FAA lines of business had common and fixed
costs that also must be allocated through the Ramsey optimization.  Total non-ATS
common and fixed costs were estimated to be about $700 million, as shown in Table 6-4. 
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7
An exhaustive review of empirical studies that estimated price elasticities of demand for air

travel services was conducted by FAA in 1995 as part of the Child Restraint System Study, issued as a
Report to Congress.  This report reviewed more than 25 price elasticity studies.  The elasticity estimates
ranged from -0.5 to -4.5, with differences being attributed to factors such as trip purpose, fare class,
length of trip, passenger income, and geographic characteristics.  An average elasticity of -1.0 (-1.5 for GA
piston) was chosen for the present analysis based on the range of estimates presented in these studies. 
Within the range noted above, it is likely that differences in the share of total flight costs accounted for by
the use of air traffic services has a much larger impact on the Ramsey results across users than deviations
in the final demand elasticities.
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Table 6-4
NON-ATS FIXED AND COMMON COSTS

FY 1995 ($Millions)
Aircraft Certification
Flight Standards
Aviation Medicine
Civil Aviation Security
Airport Development
Total

$119.6
325.6
19.1
76.1

160.0
$700.4

6.3.5 Step 6: Development of Representative Flights and Demand Attributes

In order to estimate the demand response of each user to the allocation of FAA
costs, flights were aggregated by user type and distance block, and a representative
flight profile was derived for each user type/distance block combination.  Since per
flight costs vary significantly by user type, and within each type by flight distance, this
aggregation method preserved much of the variation in costs embedded in the
underlying data for individual flights.

Table 6-5 shows the number of flights for each of 61 combinations, for which
separate Ramsey prices were derived.  For each combination, the average total flight
cost and then the incremental ATS cost were computed as weighted averages of all of
the flights in the user type/distance combination.  Thus, each combination depicts a
representative flight reflecting the average characteristics of the underlying individual
flights in that combination.  

Final demand elasticities were assigned to each user type, based on a review of
prior estimates of the demand for aviation services.  These prior studies reflected a wide
range of demand elasticities for passenger air transportation, although most values
were in the range of -0.6 to -1.5.  As such, a base elasticity of -1.0 was established for all
user types except GA piston, for which elasticities were set higher than for other users
to reflect a greater sensitivity to cost changes.7
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Table 6-5

ESTIMATED FY 1995 FLIGHTS BY USER TYPE AND DISTANCE BLOCK
(In Thousands)

User Type 1 to
100

101 to
250

251 to
500

501 to
1000

1001 to
1500

1501 to
2000

All
Other

Commercial Users

  Domestic Jet ¸ 1,175 1,790 1,748 691 314 179

  Charter ¸ ¸ 120 36 ¸ ¸ 51

  Domestic All Cargo 217 618 321 203 47 57 43

  International All Cargo ¸ ¸ 27 11 17 14 53

  International Passenger ¸ ¸ 255 94 96 72 303

  Commuter 1,904 1,889 ¸ ¸ ¸ ¸ 744

  Air Taxi 258 582 295 ¸ ¸ ¸ 123

GA Users

  General Aviation Piston 6,318 1,020 613 ¸ ¸ ¸ 250

  General Aviation Turbine 826 437 414 344 ¸ ¸ 167

  Rotorcraft ¸ ¸ ¸ ¸ ¸ ¸ 1,199

Public Users

  Military 911 143 85 80 22 6 51

  Other 31 28 33 ¸ ¸ ¸ 61

Overflights 45 4 31 45 6 21 72

Note: Because of a small number of flights in some distance blocks, those flights were included in the             
        reported results in the next higher distance block, as indicated by the arrows.
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Ramsey Number '
(price & incremental cost)

price
× elasticity

Data on flight costs and demand elasticities were used to develop a demand curve
for each user type-distance block combination; i.e., a schedule of how many flights would
be demanded at each total flight cost.  The demand response of each combination would
depend on the total flight costs of each combination, that user type’s demand elasticity
and the allocation of FAA costs to that user type.  For users with equal demand elasticities,
the demand response would be affected largely by the proportion of allocated FAA costs
to total flight costs.

6.3.6 Steps 7 and 8:  Allocation of Common and Fixed Costs

The derivation of Ramsey prices for ATS services was a two-step process.  The
solution to the standard Ramsey Pricing problem can be reduced to a formula where
the following expression takes on the same value for all users:

However, ATS services are only a part of the overall cost of a flight, and the
methodology employed in this study, therefore, assessed the response of flights to
changes in overall cost, not just changes in ATS costs.  This is important because those
flight combinations where overall costs are high relative to ATS costs will be less
influenced by changes in ATS costs.  In fact, such flight combinations were allocated a
larger share of common and fixed costs.  

Consequently, the above expression was not used directly to find the Ramsey
prices for ATS services.  Instead, a mathematical optimization problem was set up to
maximize overall user benefits for all flights, subject to the constraint that optimal
“prices” and “total flight cost” (cost times the number of flights in each combination)
must be sufficient to cover operating flight costs plus the incremental, common and
fixed costs of FAA services across all users.  The Ramsey prices for ATS services are
found as the difference between the optimal “prices” and flight operating costs, net of
aviation taxes.  In order to calculate the Ramsey price, the estimated FY 1995 aviation
taxes paid for each flight are removed and the incremental ATS costs are added to the
cost of the flight.  Figure 6-4 provides a schematic overview of this process.  The
optimization resulted in a set of 61 Ramsey prices, one for each user type/distance
block combination.  It is important to keep in mind that the Ramsey prices reflect not
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It should be noted that the key parameters affecting the Ramsey allocation are aircraft operating

cost, current taxes paid and the cost of ATS services consumed.  Current flight costs and taxes are
calculated based on industry average data.  As such, two flights by different carriers with the same
aircraft type in the same airport pair receive an identical Ramsey allocation.
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C a lc u la te  R a m s e y  P r ic e s  a n d  C h a n g e s  in  
N u m b e rs  o f F lig h ts

only the incremental cost of air traffic services for flights in each combination, but also
the common and fixed costs.  The allocation of those common and fixed costs depends
heavily on the overall flight cost.  As the price of air traffic services becomes a smaller
fraction of total costs, the optimization will assign a higher Ramsey price to higher cost
flights (holding all else constant).8

The optimization also results in a reduction in the number of flights demanded
from the actual flights conducted during FY 1995.  This change is the result of the
demand responses of users to the changes in flight costs resulting from the allocation of
FAA costs.
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9
An alternative allocation method was tested for overflights, but was not used for the final

Ramsey Pricing model.  In this alternative, only common and fixed costs of domestic and oceanic en
route services were considered; but the constraint on the markup for overflight costs was removed.  This
resulted in a larger allocation of common and fixed costs to overflights.
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As shown in Table 6-3 and 6-4, FY 1995 common and fixed costs to be allocated
to users were approximately $4.8 billion, comprised of the following:

• ATS Site fixed costs--$1.6 billion;
• ATS common costs--$2.5 billion;
• Non-ATS common costs--$0.7 billion.

The optimization model employed several constraints in the allocation of common and
fixed costs to users, in addition to the overall constraint requiring that total costs be
allocated to users:

• The markup over incremental cost for overflights and international
passenger flights was constrained to be no greater than that for domestic
jet flights with the same operating cost in U.S. airspace.9

• The markup over incremental cost for international all-cargo flights was
constrained to be no greater than that for domestic cargo flights with the
same operating cost in U.S. airspace.

• The costs allocated to GA users was constrained to be no less than that
required to cover GA incremental costs plus all of FAA common and fixed
costs for Flight Service Stations.

Table 6-6 shows the allocation of common and fixed costs by line of business and user
type.

6.4 FINAL ALLOCATION OF FAA COSTS TO USERS

As previously noted, the allocation of FY 1995 FAA costs to each CAS user type
and overflights is comprised of the following types of costs:

C Incremental costs of non-ATS services consumed (Table 4-11);
C Allocation of non-ATS common and fixed costs (Table 6-6);
C Incremental costs of ATS services consumed (Table 6-2);
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C Allocation of ATS common and fixed costs (Table 6-6).
These costs were estimated in previous sections and reported in the tables indicated. 
The final allocation of all FAA costs to users involved two additional steps.  First, no
user was allocated any common or fixed costs for a service it did not use.  Second, the
ATS costs are scaled to equal the FY 1995 LOB costs before the reduction in incremental
costs due to the quantity change caused by Ramsey pricing.  Each of these are discussed
below.

Table 6-6

ALLOCATION OF COMMON AND FIXED 
COSTS BY LOB AND USER TYPE

FY 1995 ($Millions)

ATS Total AVR Total Security Airports All LOBs 

Domestic Jet $2,179.3 $309.0 $62.8 $92.7 $2,643.7

Charter 84.1 11.9 2.4 3.6 102.0

All Cargo 413.6 57.4 0.0 17.1 488.1

International 272.0 38.6 5.8 11.6 328.0

Commuter 165.4 24.5 5.0 7.3 202.3

Air Taxi 73.8 10.6 0.0 3.2 87.6

Commercial Users 3,190.3 452.1 76.1 135.5 3,853.9

GA Piston 71.3 0.0 0.0 0.0 71.3

GA Turbine 297.7 0.0 0.0 0.0 297.7

Rotor 15.7 0.0 0.0 0.0 15.7

GA Users 384.7 0.0 0.0 0.0 384.7

Military 400.4 11.9 0.0 15.8 428.1

Other Public 10.2 0.4 0.0 8.7 19.3

Public Users 410.6 12.3 0.0 24.5 447.3

Overflights 77.2 0.0 0.0 0.0 77.2

All Users $4,062.7 $464.3 $76.1 $160.0 $4,763.0
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The same process was followed to prepare Table 6-5.
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6.4.1 Step 9:  Allocation of Common and Fixed Costs to Services

The Ramsey Pricing module allocated common and fixed costs to the eleven CAS
user types and overflights, and not to individual FAA services.  The following decision
rules were used to distribute the costs from users to individual services:10

C Total common and fixed costs by service were set to equal those identified
before the Ramsey allocation.

C The distribution of common and fixed costs across all users was set equal
to the results of the Ramsey allocation.

C No common or fixed costs were assigned to a service if that user had been
assigned no incremental costs for that service.

C The constraints imposed on the Ramsey allocation also were used in the
distribution of common and fixed costs to services.

Table 6-7 presents the summation of the allocation of direct costs plus the
allocation of common and fixed costs by service and line of business.

6.4.2 Step 10:  Final Allocation of FY 1995 FAA Costs

The total costs of $8.4 billion allocated to users in the previous section are
somewhat less than actual FY 1995 FAA obligations of $8.6 billion.  This discrepancy
exists because the Ramsey Pricing module allows for a reduction in the quantity of ATS
services demanded in response to the allocation of common and fixed costs.  Therefore,
the allocations of ATS costs were scaled up to ensure that all FY 1995 costs were
allocated to users.  These costs were added in proportion to the allocation of ATS LOB
costs to users.  This adjustment increased ATS costs by approximately three percent
over the Ramsey allocation.

Table 6-8 presents the final allocation of FY 1995 FAA costs to users.  As can be
seen, commercial users were allocated about $7.0 billion, about 81.3 percent of total
costs.  General aviation users were allocated 11.6 percent of total costs, while public
users were allocated approximately 6.6 percent.  Overflights were allocated $89.7
million, slightly more than 1.0 percent of total costs.



Table 6-7

RAMSEY ALLOCATIONS BY SERVICE AND USER TYPE
FY 1995 ($Millions)

En Route
Domestic Total

En Route
Oceanic Total

Terminal
Total FSS Total

ATS LOB
Total

A/C Cert
Total

Flt Stds
Total

Av Med
Total 

AVR 
LOB Total

Security 
LOB Total

Airport 
LOB Total

Total by
User 

Domestic Jet $1,248.0 $48.6 $1,690.2 $0.0 $2,966.8 $82.8 $293.6 $17.5 $393.8 $88.8 $1,002.8 $4,472.2

Charter 43.2 3.7 59.9 0.0 106.8 3.0 11.2 0.6 14.8 2.9 18.0 142.5

All-Cargo 241.9 13.9 307.9 5.2 568.9 14.4 60.1 2.7 77.3 0.0 56.9 703.1

International 89.3 84.3 164.7 0.7 339.0 12.6 38.9 2.1 53.6 17.2 100.4 510.3

Commuter 246.1 0.0 235.1 10.9 492.1 6.1 35.3 3.6 45.0 6.8 105.9 649.9

Air Taxi 85.2 0.0 86.5 6.8 178.5 4.1 50.8 1.2 56.1 0.0 27.4 262.0

Commercial
Users 1,953.6 150.5 2,544.3 23.7 4,672.1 122.9 489.9 27.7 640.6 115.8 1,311.5 6,739.9

GA Piston 78.8 0.0 85.1 118.1 282.1 4.4 21.2 3.1 28.7 0.0 122.6 433.4

GA Turbine 89.0 0.2 37.9 316.2 443.2 2.0 3.7 0.3 5.9 0.0 43.8 493.0

Rotorcraft 0.0 0.0 19.8 15.7 35.6 3.0 3.5 0.3 6.8 0.0 1.2 43.5

GA Users 167.8 0.2 142.8 450.1 760.8 9.4 28.4 3.8 41.5 0.0 167.6 969.9

Military 296.9 1.3 175.0 0.9 474.2 12.9 0.0 0.0 12.9 0.0 19.9 507.1

Other Public 14.8 0.0 5.8 3.7 24.3 0.2 0.4 0.0 0.7 0.0 16.3 41.3

Public Users 311.7 1.3 180.9 4.5 498.5 13.1 0.5 0.0 13.6 0.0 36.3 548.3

Overflights 47.5 42.2 0.0 0.0 89.7 0.0 0.0 0.0 0.0 0.0 0.0 89.7

Total by LOB $2,480.7 $194.2 $2,868.0  $478.3 $6,021.1 $145.4 $518.8 $31.5 $695.7 $115.8 $1,515.3 $8,347.9
Note: ATS costs reflect quantity reductions from Ramsey allocation.
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Table 6-8

FINAL ALLOCATION OF FAA COSTS BY LOB AND USER TYPE
FY 1995 ($Millions)

     USER TYPE ATS  TOTAL AVR  TOTAL
SECURITY 

TOTAL
AIRPORT

TOTAL

TOTAL
ALLOCATION BY

USER TYPE

Domestic Jet
Charter
All Cargo
International
Commuter
Air Taxi
   Commercial
Users

GA Piston
GA Turbine
Rotor
   GA Users

Military
Other Public
   Public Users

Overflights
   
TOTAL COSTS

$3,130.8
111.9
596.4
355.3
515.9

     187.1
4,897.3

295.7
464.6

    37.3
797.5

497.0
    25.4
522.5

89.7

$6,307.0

$393.8
14.8
77.3
53.6
45.0

    56.1
640.6

28.7
5.9

    6.8
41.5

12.9
    0.7
13.6

0.0

$695.7

$88.8
2.9

0
17.2

6.8
         0
115.8

0.0
0.0

  0.0
0.0

0.0
  0.0
0.0

0.0

$115.8

$1,002.8
18.0
56.9

100.4
105.9

       27.4
1,311.5

122.6
43.8

      1.2
167.6

19.9
  16.3
36.3

0.0

$1,515.3

$4,616.2
147.6
730.6
526.6
673.6

     270.6
6,965.1

447.0
514.4

    45.3
1,006.6

529.9
   42.4
572.3

89.7

$8,633.8

Note: The ATS and total allocations exclude approximately $35 million in flight inspection costs at non-      
        FAA facilities.

6.5 SUMMARY

This report described the procedures used by the 1995 Cost Allocation Study to
allocate FAA’s FY 1995 obligations to users, and summarized the results of those
allocations.  A Technical Supplement provides detailed descriptions of the Ramsey
Pricing analysis described in Section 6 and of the supporting ATS cost of service models
described in Section 5.  Part A of this Supplement discusses the theoretical economic
background of Ramsey pricing, provides a description of how this technique was
incorporated into the present analysis, and presents the data inputs and outputs from
the Ramsey analysis.  Part B describes the regression models employed to develop
estimates of the incremental costs of FAA services and includes a discussion of both
intermediate and final results.  This Technical Supplement forms an integral part of this
report.



          1Jeffrey P. Price and Frank J. Berardino, ?Defining Economic Terms Used in the Railroad
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          2Price and Berardino, op. cit., pp. 147-149.
          3Price and Berardino, op. cit., pp. 142-143.
          4Geraldine F. Dominiak and Joseph G. Louderback III, Managerial Accounting (Boston: Kent
Publishing Company, 1985), p. 18.
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APPENDIX A
STANDARD DEFINITIONS OF COST-RELATED TERMS

Avoidable Costs

Avoidable costs are costs which may be avoided by the discontinuation of some
service.  The method of calculating avoidable costs is the same as that for calculating
incremental costs (see “incremental costs”).  As an example, suppose that a railroad is
considering discontinuing a service which obligates it to spend $100 next year and $200
two years from now.  If the service is discontinued, the railroad will need to spend only
$25 per year.  The avoidable cost would then be the discounted present value of $75
($100-$25) plus $175 ($200-$25).  Note that this avoidable cost is not necessarily the same
as the incremental cost of starting an equal amount of new service elsewhere.1

Incremental Costs

Incremental costs are the discounted present value of costs incurred due to
discrete changes in output.  They are an empirical measure of marginal costs.  Marginal
costs are a theoretical measure of changes for an instantaneous (continuous and
infinitesimal) change in output, which generally cannot be measured in reality, while
incremental costs measure changes over finite or discrete changes in output, which can
be measured.2  

Variable Costs

Economic literature defines variable costs as those which vary with changes in
output.  Accounting texts use a more precise definition:  variable costs change in direct
proportion to changes in output.  The economic definition of variable costs likely lies
closer to that used by business in the transportation industry.3, 4
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Fixed Costs

Fixed costs are those which remain the same (in total) over a wide range of
output levels.  Fixed costs are largely those related to a firm’s productive facilities. 
Economic literature states that all costs are variable in the long run, meaning that even
the largest investment may be modified to change fixed costs, given a long enough time
horizon.5

Fully Allocated (Fully Distributed) Costs

Fully allocated or distributed costs are fixed costs which cannot be assigned to a
single product line or service (called common costs--see definitions) and are therefore
usually assigned (at least in part) to the various product lines or services on the basis of
some common physical measure of utilization, such as gross ton-miles or revenue
passenger miles.  When all such fixed costs are so assigned, they are said to be fully
allocated or fully distributed.6  

Common Costs

Common costs are fixed costs which relate to more than one product line or
service.  These costs cannot, therefore, be eliminated by removing one of the product
lines or services.  Common costs are sometimes referred to as joint costs, and the
accounting literature does not make a distinction between common costs and joint costs. 
It provides us with the following example:  A passenger railroad with many lines is
considering abandoning service on one line.  Assuming that all of the reservations
agents handle reservations for all of the railroad’s lines, it is unlikely that abandoning
one line will allow the company to reduce its number of reservations agents.  The costs
related to reservations agents are said to be joint or common across all of the railroad’s
lines.  One could also say that these costs are not avoidable so far as one line is
concerned (see avoidable costs).7  Economic literature uses the term common costs in a
very specific way.  It states that costs are common when the same inputs are used to
make products A and B, and when producing A takes up capacity which could
otherwise be used to supply B.  Under this definition, products do bear a causal
responsibility for a share of the common costs.8
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On the other hand, economic literature addresses the case when joint costs are in
fixed proportions.  For example, a cotton farmer, who in producing one bale of cotton
fiber also produces seeds from which may be obtained ten gallons of cottonseed oil. 
Under this circumstance, it is impossible to produce less of one product without
producing less of another, or producing less of one product does not reduce average
fixed costs for production of the other.  There is no objective way of attributing the joint
costs to either product individually.9

Separable Costs

Separable costs are fixed costs which relate directly to a single product line or
service.  As such, a separable cost is the opposite of a joint or common cost.10

Opportunity Costs

An opportunity cost is the value that must be foregone in using a resource for
one purpose as opposed to another.  The cost is usually considered to be the value of
the resource in its next best alternative use.11

Overhead Costs

Overhead costs are costs incurred to provide facilities where output takes place
and may include electricity, rent, property taxes, depreciation and other facility-related
fixed costs.12

Sunk Costs

Sunk costs are those which will not change as a result of a decision.  This may be
a cost which has already been incurred at the time of the decision (all historical costs are
sunk costs), or a cost which will be incurred by all of the courses of action under
consideration.13
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Direct Costs

Direct costs are those which are related to a single type of output activity.  They
can therefore be eliminated by discontinuing that output.  Direct costs are synonymous
with traceable costs and separable costs (see “separable costs”).

Indirect Costs

Costs which are related to more than one type of output activity.  Accounting
literature labels indirect costs as being synonymous with common costs (see “common
costs”).14

Marginal Costs

Marginal costs are the costs incurred by increasing output by “a small amount.” 
Some economics literature goes further, saying that marginal costs are those incurred by
increasing output by an infinitesimally small amount.  For a manufacturing firm which
produces a very large number of units, the cost of producing a single additional unit is a
close approximation of marginal cost under this definition.  For a transportation
company which produces relatively few units of output (transport routes, for example)
with large per-unit costs, the cost of producing an additional unit of output is a poor
approximation of marginal cost.  For this reason, analysis involving the transport
industry often looks at incremental costs instead (see “incremental costs”).15

Discretionary Costs

Discretionary costs are a type of fixed cost which are the result of management
decisions.  They are fixed in that, once incurred, they do not vary with output. 
Discretionary costs include maintenance, advertising, research and development and
bonuses.  In some cases, discretionary costs may be seen to move in the same direction
as output, as a result of a management decision to incur these costs based on a certain
percentage of sales.16
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Short-Run Marginal Costs

Short-run marginal cost is the change in variable cost caused by producing an
additional unit of output.  To the extent that maintenance and depreciation are a
function of use rather than time, they belong in short-run marginal cost.  In regulated
industries price is usually set equal to short-run marginal cost, because it reflects the
social opportunity cost of providing the additional unit at the time the unit is
purchased.17

Long-Run Marginal Costs

Long-run marginal cost is the change in variable cost caused by producing an
additional unit of output, plus the estimated additional capital costs per unit, based on
the additional capacity that will have to be constructed if sales at that price are expected
to continue or grow over time.  In competitive industries, long-run marginal cost is a
preferred price criterion.  Permitting pricing at a lower short-run marginal cost might
allow newcomers to undercut rivals who plan for future capacity by pricing at long-run
marginal cost.18

Stand-Alone Costs

Stand-alone costs are those which must be incurred in order to produce a single
product line or service.  Stand-alone costs equal a product’s variable costs, plus its
separable costs, plus any common costs which are necessary for the production of the
output in question.19
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FAA FY 1995 COST ALLOCATION STUDY
TECHNICAL SUPPLEMENT

This Technical Supplement provides detailed descriptions of the Ramsey Pricing
analysis described in Section 6 of the main report, and of the supporting ATS cost of
service models described in Section 5.  Part A of this Supplement discusses the
theoretical economic background of Ramsey Pricing, provides a description of how this
technique was incorporated into the present analysis, and presents the data inputs and
outputs of the Ramsey analysis.  Part B describes the regression models employed to
develop estimates of the marginal costs of FAA services and includes a discussion of
both intermediate and final results.
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In the economic literature, prices which equal marginal cost are referred to as “first best” prices. 

Prices which exceed marginal costs in order to assure revenue adequacy are referred to as “second best”
when they result in the minimum divergence from the quantity of output which would be demanded at
first best prices.  
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TECHNICAL SUPPLEMENT A
RAMSEY PRICING

A.1 INTRODUCTION

Economic theory tells us that pricing goods or services at marginal cost leads to
efficient resource allocation.  Price measures buyers’ willingness to pay for an
additional unit of output.  Marginal cost, on the other hand, is a measure of the value of
resources expended to produce the incremental unit of output.  If price exceeds
marginal cost, buyers value an additional unit of output more than the cost of resources
expended, and so output should be increased.  Alternatively, if marginal cost exceeds
price, then the value of resources expended in producing the last unit of output exceeds
the value of a unit to buyers and production should be decreased.

Marginal-cost pricing is not always feasible if a second objective is to assure
revenue adequacy for the enterprise producing goods or services.  For example, if
common or fixed costs of production exist and marginal costs are non-increasing,
marginal-cost pricing will lead to total costs in excess of total revenues and the
enterprise will be forced to produce at a loss.  In this case, revenue adequacy can be
achieved only by charging buyers prices that exceed marginal costs.  This is a common
problem, faced by many public utilities, and it may also be characteristic of airline
services, once schedules are established.

While there are many ways in which to allocate common and fixed costs among
users, the so-called Ramsey Pricing rule is a second-best,1 value-based solution to the
problem of achieving revenue adequacy when common and fixed production costs exist
and marginal costs are non-increasing.  The solution is second-best in that it maximizes
consumer benefits with the proviso that total revenues must cover total costs.  The rule
results in a value-based allocation of common and fixed costs in that the resulting prices
are based on the buyers’ willingness to pay.  Consumer benefit is measured as the
difference between what users are willing to pay for a good or service (indicated by
their demand curve) and what they actually do pay.
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An additional significant advantage of the Ramsey Pricing solution to the
allocation of FAA costs to user groups arises from the fact that most FAA outputs are
not currently sold at a price in any market.  Tax revenues derived from fuel and ticket
taxes, for example, are not used to directly compensate FAA for the services it provides. 
For this reason, the tax costs of flying for any particular user may bear little or no
resemblance to the cost to FAA of providing the flight services consumed by that user. 
By explicitly combining the allocation of costs to users with the effects of including
those allocated costs as part of a user’s flight costs, the Ramsey Pricing  solution is more
realistic in taking account of the effect of full recovery of allocated costs on a user
group’s demand for flights.

In the context of FAA’s cost allocation, this aspect of the Ramsey Pricing solution
should be contrasted with more traditional cost allocation methods, such as fully
distributed cost allocations, and with average cost pricing based on these allocations. 
Three common ways of fully distributing costs among types of output or among distinct
users of a single output are by; (1) gross revenues, (2) relative output levels, and (3)
directly attributable costs.  While these methods may be reasonable for allocating costs
for firms or entities that currently sell well defined products at well defined prices, their
application to the allocation of FAA’s costs is more problematic. 

Because  FAA’s outputs are not sold at well defined prices, and because existing
tax mechanisms for gathering revenues from particular user groups often bear little
connection to the costs of the FAA services consumed by these groups, allocating fixed
and common costs by the shares of gross FAA “revenues” derived from particular
outputs or user groups is not possible.  There are currently no gross revenue items by
output type or by user group type with which to allocate costs.  In a real sense, the
problem is not that cost allocation by gross revenue shares is inappropriate for FAA, it
is that it is not possible for FAA at the current time.

Allocation of FAA costs on the basis of relative output levels requires that all
FAA outputs be represented in a common unit of output, yet there is considerable
variety in the types of FAA services produced at different facility types and consumed
by different user groups.  Although the Ramsey Pricing results require that some
simplifications be made regarding common bundles of services that are provided to
users within particular user groups, there is no single output measure that can be used
to categorize the services supplied to all the user groups served by FAA.

Allocation to user groups by relative shares of directly attributable costs assumes
that there is a proportional relationship between direct cost shares and the share of
fixed or common costs attributable to the production of distinct products or services. 
While this assumption may be reasonable for organizations with relatively small pools
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of fixed or common costs to allocate, such a cost allocation is inappropriate for an
organization like FAA, with fixed and common costs making up more than half of its
total costs.   The assumption of uniform proportionality between direct costs attributed
to users of a service and the fixed and common costs allocated to that service seems
especially unwarranted in light of the variety of identifiable services each user group
receives--flight service stations for GA users, tower activities for commercial users, and
so on.  

More generally, all distributed cost allocation pricing schemes suffer from a
number of important conceptual and practical flaws.  First, they depend on current
levels of prices and/or quantities, which in the present case bear no direct relation to
marginal costs; thus they are economically inefficient and arbitrary.2  Second, there is no
conceptual basis for choosing one over another.  As noted by one analyst, “Various
means of prorating the common or joint costs can be used, but all of them have an
arbitrary element and hence are dangerous to use in prescribing rates.”3  Third, because
average cost prices determined from a fully distributed cost allocation are themselves
arbitrary, some users may be subsidizing others.

Finally, none of the traditional cost allocation methods consider the effect of
changes in output prices on the quantities of outputs demanded by users.  This may be
because they are usually applied to the activities of an entity that is already selling
outputs at well defined prices.  This is sometimes mistakenly interpreted to mean that
these methods require fewer assumptions than Ramsey Pricing, which explicitly
depends on empirical estimates of user responsiveness to price changes (so-called
“demand elasticities”).  This interpretation is incorrect; in point of fact, any allocation
method inherently makes assumptions about user behavior.  The average cost pricing
methods described above implicitly assume that demand elasticities are zero; this is in
contrast to the Ramsey technique used here which employs numerous elasticity
estimates based on existing studies of air travel demand.  While these studies provide a
range of estimates, this is clearly a preferable approach compared to the average cost
methods, which implicitly assume a demand elasticity of zero, well outside the range of
empirical estimates.  As another analyst notes, “The basic defect of full cost
distributions as the basis for pricing is...that they ignore the pervasive discrepancies
between marginal and average cost. ... [T]hose discrepancies may require prices that
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take into account not just the costs but also the elasticities of demand of the various
categories of service if the company is to recover its total costs.”4

There are important practical implications of assuming that users do not respond
to price changes.  Specifically, by ignoring user behavior, the imposition of simple
distributed cost pricing schemes inherently leads to situations where either too much or
too little revenue is collected.  Too much revenue is collected from users in two
circumstances: (1) when users whose price has risen have inelastic demands (because
the percentage reduction in the quantity consumed is less than the percentage increase
in price), and (2) when users whose price has fallen have elastic demands (because the
percentage increase in the quantity consumed is greater than the percentage reduction
in price).  For similar reasons, too little revenue will be collected from users with
inelastic demands whose price is increased and from users with elastic demands whose
price is reduced.  This means that depending on the specific circumstances, FAA could
end up collecting much more or much less revenue than planned if they fail to account
for user behavior.  While it might be possible to adjust prices, on an annual basis, to
rebate overcollections or recover undercollections from previous years, it would also be
valuable to minimize such corrections, especially if FAA is to be required both to cover
its costs through user fees or other price-like mechanism and to control its costs through
greater technical and productive efficiency.  Minimal corrections in fee levels would
also provide a more stable and predictable financial environment for private users of
the national aviation system.

In principle, one could attempt to address this flaw in average cost pricing by
making ex post adjustments to the pricing structure.  In doing so, however, one would
have to rely on the same (uncertain) estimates of demand elasticity that are employed in
the Ramsey method.  More importantly, the resulting changes in user group demand
for flights (and thus in the demand for FAA services) in response to price changes will
likely alter the distribution of user fee revenues, output shares, or directly attributable
costs among user groups.  If one were to repeat the allocation process with these new
shares, a different allocation would result.  Thus, these methods involve circular
reasoning because they are based on input measures that become invalid once a new
pricing structure is imposed.  A noted analyst has observed that “it follows from the
critical role of demand elasticities in the Ramsey pricing rules that no cost allocation
formula that leaves out demand elasticities...can yield prices generally consistent with
even second-best optimality in the allocation of resources.”5  In contrast, the Ramsey
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Pricing method of allocation is internally consistent because it accounts for these effects
of price changes directly.6

In this study, the Ramsey Pricing optimization was structured to produce per
flight prices for each of the 61 user/distance blocks.  In principle, the Ramsey method
could also be designed to produce non-linear or multi-part prices, using demand
elasticity estimates.  It is the use of user demand elasticities that distinguishes the
Ramsey methodology from accounting-based cost allocation techniques.  Even if an
accounting “cost allocation process yields a set of non-linear prices, they will never be
superior to the corresponding Ramsey non-linear prices necessary for second-best
optimality and they will generally be inferior to those prices.”7

 The rest of this supplement is divided into five sections.  Section A.2 provides a
general description of how Ramsey Pricing can be applied to FAA services.  In Section
A.3, the Ramsey Pricing rule is derived mathematically for a simple case.  Section A.4
provides a discussion of the complications that arise when the demands for the various
goods produced by the enterprise are not independent (i.e., the goods are related either
as complements or substitutes).  The complications that arise when restrictions on cross-
subsidization among buyer groups are imposed are presented in Section A.5.  Finally, in
Section A.6, the Ramsey Pricing model that has been developed to allocate the common
and fixed costs of FAA services among various user groups is described.

A.2 APPLICATION TO FAA SERVICES

The simplest Ramsey Pricing problem applies to an enterprise allocating
common and fixed costs that produces a single good or service which is consumed by
different identifiable users.  The marginal cost of producing the service does not depend
on the particular user being considered, and there are no interactions among users that
affect demand; in other words, a price change for one user does not affect demand by
another.  In addition, an estimate of each user's demand curve--the response in quantity
demanded to changes in price for the good or service--must be utilized.  Under these
conditions, the optimal Ramsey prices involve a markup over marginal cost for each
user which is inversely related to that user's price elasticity of demand.  Taken together,
the markups over marginal cost are just enough to ensure that the enterprise will be
able to cover its common and fixed as well as marginal costs, and that the total
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consumer surplus is greater than or equal to the consumer surplus resulting from any
other combination of prices that cover total costs.  The solution implies that users whose
demands are relatively inelastic (i.e., who change their demand relatively little when
price changes) will incur a relatively larger burden of common and fixed costs than
users who have more elastic demands.  It also implies that the markup will be smallest
for the most price sensitive users (that is, for those users whose demand is most elastic).  

For the present analysis, a pure Ramsey solution is complicated by two
important factors.  First, there are a number of distinctly different air traffic services
provided to users.  In practical terms, these services correspond to the activity measures
tracked by FAA, e.g., ARTCC departures and overs, TRACON/tower primary or
itinerant/local operations, seconds and overs, and pilot briefs, flight plans and air
contacts at Flight Service Stations.  In principle, one could proceed by defining each
service for each user group as a separate identifiable "good", each with its own
corresponding Ramsey-optimal price.  However, for any given user group, the multiple
goods being consumed would clearly be complementary with each other; for example,
one cannot consume an over without also consuming a departure.  In this situation, a
change in the price of an over might well affect the consumption of departures (since
both are part of an overall flight); thus, computation of efficient Ramsey prices would
require knowledge of the cross-price elasticities of demand between different goods. 
Such information is not available from existing econometric studies of aviation behavior
because air traffic services have never been directly priced in the U.S.

A related complication is that users' responses to the pricing of air traffic services
may well vary with each individual flight, depending on the price of air traffic services
relative to overall flight costs.  This is because air traffic services make up only a fraction
of the total cost of a "flight", which is the true final demand service being consumed.  In
general, we would expect high-cost flights to be relatively less sensitive to a given
change in air traffic service prices than low-cost flights, since the air traffic share of
flight costs is likely to be less for the former than the latter.  (In fact, if the share of
common and fixed costs allocated among flights were equal, operators of low-cost
flights might forego using the service).  It is not practical to derive Ramsey prices for
individual flights; instead, as described in Section 6.3.2 of the report, flights were
aggregated by user group and distance block, and each flight in a given user/distance
combination was assigned a representative service bundle of air traffic services.  This
approach has two important implications.  First, all services in a given bundle are
treated as perfect complements; this, in turn, implies that the user will not, for example,
decrease consumption of overs because of an increase in the price of operations, once
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the decision to fly is made.8  Second, by linking the service bundle to a flight, the
services are treated as essential inputs to the flight.  In other words, once the decision to
fly is made, the bundle of services must be consumed by the user.9

The bundling of distinct flight services by a representative flight in a particular
user/distance combination not only allows for some simplification, it also is consistent
with FAA’s safety mandate.  Treating individual flight services as distinct cost items
which could be provided at distinct prices would allow users to choose which flight
services to consume.  To the extent that each flight service provided by FAA has a safety
component, individual costing of services (and, by implication, individual pricing of
services) would allow users to choose the level of safety at which they operate.  Treating
flight services as bundles which are available on an “all or nothing” basis is thus a
necessary compromise between “efficiency” and safety, especially since safety choices
by individuals affect the level of safety for others as well.

Using Ramsey Pricing to allocate costs among FAA user groups explicitly
addresses the effects of price changes for FAA services on user behavior.  To compute
the Ramsey prices it is necessary to have information on the likely response of users to
changes in price; in economic terms, this means that information on each user group's
“demand curve” for flights is necessary.  Although estimates of such demand curves
are not available directly, the demand for flights is derived from the demands for air
passengers and cargo, so it is reasonable to use available estimates of passenger
demand elasticities to derive a demand curve for each user type-flight distance
combination.10

The estimation of Ramsey prices is made using estimated user group demand for
flights, and the costs of FAA services to a user represent only a portion of total flight
costs.  This is a technique used to simplify the analysis, and is necessary because there is
no historical price data for FAA services (since these services have never been priced). 
It is not a restrictive simplification, however, because the price elasticity of the demand
for flights is equal to the sum of the elasticity of the demands for distinct flight
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components with respect to the price of that component.  This can be seen in the
following example.

The cost, or “price,” of an individual flight is composed of the cost to the user of
FAA air traffic services (denoted ) plus any private flight costs (denoted ),P FAA

ij P non&FAA
ij

such as fuel, wages, and so on.  Combining this fact with the definition of the elasticity
of demand for flights for any particular user/distance group ij , we can write

Similarly, the elasticity of demand for flights with respect to changes in the price
of FAA air traffic services can be written as

Suppose the only change in the “price” of a flight comes from a change in the cost of air
traffic services, so that  … 0  and = 0.  SincedP FAA

ij dP non&FAA
ij

 we can write

This says that the elasticity of flight demand with respect to changes in the cost of air
traffic services  is simply the elasticity of flight demand with respect to changes inδij
total flight cost (or “price”)  times the proportion of total flight costs represented bygij
the cost of air traffic services.
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max
Qi

‹ ' B(Q) & C(Q) % λ P )Q & C(Q) & K  A(5)

Pi&MCi
Pi

'
λ

(1%λ)gi
A(6)

A.3 THE RAMSEY PRICING RULE

This section provides a formal mathematical derivation of the Ramsey Pricing
rule.  Let Q be a vector of n services produced by an enterprise facing fixed costs and
non-increasing marginal costs.  Each of the services, Qi, can be distinguished by service
type and customer type.11  The production of the Q causes the enterprise to incur fixed
costs K.

Next, define a benefit function B(Q) that measures the cumulative value to
buyers resulting from the consumption of the Qi.  Also, let C(Q) be the total variable
cost function for producing the Qi.  Finally, if P is a vector of prices, P'Q measures the
total revenue received by the enterprise.

The objective is to minimize the loss of consumer welfare caused by pricing
above marginal cost subject to the constraint that the enterprise achieves revenue
adequacy.  Alternatively, economic surplus (i.e., the difference between B(Q) and C(Q))
is to be maximized subject to the revenue adequacy constraint.  Accordingly, the
objective function can be written:

where 8 is the Lagrange multiplier, and the expression in brackets is derived from the
revenue adequacy constraint .P )Q $ C(Q) % K

In this simple case the Qi are unrelated as either substitutes or complements for
consumers.  Differentiating A(5) with respect to Qi and rearranging in terms of demand
elasticities yields the following first-order condition:

where  gi is the price elasticity of demand for service i
(expressed as a positive number) and MCi  is the marginal
production cost for service Qi.
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Pi&MCi
Pi

'
λ

(1%λ) gi
& j

j…i

Pj&MCj
Pj

Qjδji
Qigi

A(7)

This is the Ramsey equation, and prices that satisfy it are called Ramsey prices.  Since
there are n such equations, one for each service Qi with price Pi, equation A(6) shows
that the mark-up over cost for each service (relative to price) is inversely related to the
price elasticity of the demand for that service.  This means that buyers whose demand is
relatively inelastic (i.e., relatively less sensitive to changes in the price of the service) will
incur a relatively larger burden of common/fixed costs than buyers who have relatively
more elastic demand.

A.4 SERVICES WITH INTERRELATED DEMANDS

In deriving expression A(6), the services Qi are taken to be unrelated in demand
as either substitutes or complements.  This premise, however, is not always tenable, and
it is clear that many of the services provided by the FAA are complementary.  For
example, operations and overs are complementary inputs for a commercial air carrier
making a transcontinental flight.

If in fact the Qi have related demands, the first order conditions for A(5) can be
written:

where *ji is the cross-price elasticity of demand between services Qi and Qj.

Comparing conditions A(6) and A(7) sheds some light on the complications
introduced by complementary services.  Since *ji is negative for complementary
services, condition A(7) implies that the mark-up for some services can be negative (i.e.,
some services can be priced at below-marginal costs).  This, in turn, implies that the
positive mark-ups on other services must be larger than they otherwise would be in
order to satisfy the revenue adequacy constraint.  

Second, more information is required to compute the Ramsey prices for the
complementary case.  In addition to marginal costs, condition A(6) (independent
demands for services) requires only information about own-price elasticities.  However,
condition A(7) (complementary services) also requires estimates of cross-price
elasticities.
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K ' K0%j
i
Ki A(8)

P )Q > C(Q)%K0%j Ki A(9)

PiQi > C(Qi)%Ki A(10)

A.5 RESTRICTIONS ON CROSS-SUBSIDIZATION

Equation A(5) imposes minimal restrictions on cross-subsidization among
various user groups or buyers.  All of the fixed costs of the enterprise are lumped into a
single "bin" measured as K.  In many cases, however, some fixed or common costs can
be assigned to a specific service (in addition to variable costs that change as the level of
service changes).  For example, one can distinguish between the fixed and variable costs
of providing flight service stations.  Here, the fixed component of costs is invariant with
respect to the volume of services provided by flight service stations, but it could be
avoided in the long run if no flight services were provided.

The presence of stand-alone fixed costs associated with a specific service
suggests imposing additional constraints on cross-subsidization among buyers.  For
example, one might want to impose the restriction that prices charged to GA users be
high enough to cover all of the stand-alone costs (both fixed and variable) associated
with flight service stations.  A constraint preventing cross-subsidization of GA users by
other user groups is used in the Ramsey optimization, and is shown as constraint (2) in
equation A(17) below.

To do this, first note that total fixed costs K can be written as:

where K0 are fixed costs unassignable to any specific service
(and therefore assigned to all users of the services) and Ki is
the stand-alone fixed cost of service Qi.

Imposing the restriction against cross-subsidization yields the following two
conditions:

and

Equation A(9) states that total revenues from the sale of all services provided by the
enterprise must be sufficient to cover total enterprise costs.  Equation A(10) states that
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prices charged for any specific service must be sufficient to cover the total stand-alone
costs associated with that service.

Now, the constrained optimization problem is:

Differentiating with respect to Qi , and taking the demands for services to be
independent, yields the following first-order condition:

We can see from A(12) that the within-service Lagrange multipliers µi enter into the
pricing solution in the same manner as 8, the multiplier on the constraint for system-
wide revenue adequacy.

The additional constraints imposed in A(11) are appealing in the sense that
restrictions on cross-subsidization can be judged as "fair."  That is, each user group is
required to pay for the identifiable stand-alone costs that they impose on the enterprise. 
Note, however, that the solution to A(11) is less economically efficient than the solution
to A(5) if any of the additional constraints are effective.  That is, imposing restrictions
on cross-subsidization will result in a greater divergence from marginal cost pricing. 
This follows because additional revenue adequacy constraints are being imposed in the
model.

A.6 RAMSEY PRICING MODEL FOR AIR TRAFFIC SYSTEM SERVICES

This section provides a description of the model that has been developed for
computing Ramsey prices for FAA services.  First, the flights and services or "service
bundles" that are priced in the model are defined.  This is followed by a description of
the demand function specified for each user/distance group.  Third, the issue of
substituting service user fees for current taxes is addressed.  Finally, the fully-specified
Ramsey Pricing model is presented.  In the model, FAA costs are divided into two
types.  Direct, or incremental, FAA costs are ATS, AVR, ACS, and ARP costs that can be
attributed to flights within any user/distance block. All other FAA costs are regarded as
fixed and common costs to be allocated to user groups using the Ramsey Pricing model. 
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Total FAA line of business costs divided in this way are shown in Table A-1.  More
detailed treatments of these costs, including the allocation of direct costs to user groups,
are contained in the body of the report.

Table A-1
FIXED/COMMON AND DIRECT FAA COSTS BY LINE OF BUSINESS

FY 1995 ($Millions)

ATS AVR ACS ARP Total

Non-Site Fixed $1,596.9 ----- ----- ----- -----

Common 2,465.8 ----- ----- ----- -----

Total Fixed/Common $4,062.7 $464.3 $76.1 $160.0 $4,763.1

Direct Costs Attributed to Users 2,244.4 231.4 39.7 1,355.3 3,870.8

Total $6,307.1 $695.7 $115.8 $1,515.3 $8,633.8

A.6.1 Definition of Service Bundles

The definitions of flights and FAA services consumed are dictated largely by the
practical limitations of available data.  The determination of the sixty-one user/distance
groups was made based on available data and by agreement with FAA.  A database of
individual flights categorized by user group and distance block was developed as
described in Section 6.2 of the report.  Letting i index user groups and j index distance
blocks, denote the current number of flights in each user/distance combination as . Q ij
Flight operating costs and aviation taxes are computed as described in Section 6.3.1 of
the main report for each individual flight.  The operating costs are based on FAA
“critical value” estimates of direct block-hour costs, which are available by user type. 
These are shown in Table A-2.  Total direct operating costs for each flight are then
found by multiplying the block-hour costs by the estimated block-hours, which are
based on great-circle distance, aircraft type, and an estimate of average speed
developed from scheduled flight times observed in the OAG.

Once flight operating costs and taxes are computed for each flight, they are
averaged within each user/distance block combination to yield a set of flight operating
costs denoted MCFLTij, and current aviation taxes, denoted Tij.  Thus, the current price

of a flight is the sum of private flight costs, MCFLTij, and applicable aviation taxes,Pij
Tij.

The next step involves development of the marginal, or incremental cost of FAA
air traffic services consumed by a flight within each user/distance block.  This is
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described in Sections 6.3.2 and 6.3.3 of the report; again the cost of the average bundle
of FAA ATS services used in a flight within each user/distance block combination is
computed based on the consumption pattern of individual flights in that combination. 
The marginal, or incremental cost of providing the (user/distance block) average
bundle of FAA services to a user/distance block ij is denoted as MCATSij.  The final
input data used in the Ramsey analysis are shown in Table A-3; MCATSij for each
user/distance block ij is shown in the final column of this table.
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Table A-2

FAA User Group Aircraft Type
Operating Cost 
Per Block Hour

Air Carrier Turbofan 4-Eng Wide
Turbofan 4-Eng Reg
Turbofan 3-Eng Wide
Turbofan 3-Eng Reg
Turbofan 2-Eng Wide
Turbofan 2-Eng Reg
Turboprop 4-Eng
Turboprop 2-Eng
Piston
Rotary Wing Turbine
Rotary Wing Piston

$6,428       
 2,411      
4,686     
2,551     
3,171     
1,786     
1,244     

544  
237  
207  
359  

Air Taxi/Commuter Piston 1-Eng 1-3 Seats
Piston 1-Eng 4+ Seats
Piston 2-Eng < 12500
Piston 2-Eng > 12500
Piston Multi > 12500
Turboprop 2-Eng < 12500
Turboprop 2-Eng > 12500
Turbojet 2-Eng < 20000
Turbojet 2-Eng > 20000
Turbojet Multi < 20000
Turbojet Multi > 20000
Rotary Wing Piston
Rotary Wing Turbine

121  
151  
306  
331  
331  
586  
586  

1,361     
1,361     
1,361     
1,361     

207  
359  

GA Piston 1-Eng 1-3 Seats
Piston 1-Eng 4+ Seats
Piston 2-Eng < 12500
Piston 2-Eng > 12500
Piston Multi > 12500
Turboprop 2-Eng <12500
Turboprop 2-Eng > 12500
Turbojet 2-Eng < 20000
Turbojet 2 > 20000
Turbojet Multi < 20000
Turbojet Multi > 20000
Rotary Piston
Rotary Turbine

46
76

206  
231  
231  
508  
540  

1,190     
1,190     
1,190     
1,190     

111  
350  

Military Turbofan Multi-Eng
Turbofan 2-Eng
Turbofan 1-Eng
Turboprop
Piston
Rotary Wing Turbine
Rotary Wing Piston

4,516     
3,560     

926  
1,352     

163  
577  
564  



A-16 Technical Supplement A:  Ramsey Pricing

FAA FY 1995 Cost Allocation Study
March 19, 1997

Table A-3
INPUT PARAMETERS

Commercial
User Type

Distance
Block

Number
of Flights

Average
Distance

Average
US

Distance

Average
Flight
Cost

Average
Current

Tax

Average
Incr.ATS

Cost*

Domestic Jet
Domestic Jet
Domestic Jet
Domestic Jet
Domestic Jet
Domestic Jet
Charter
Charter
Charter
Dom Cargo
Dom Cargo
Dom Cargo
Dom Cargo
Dom Cargo
Dom Cargo
Dom Cargo
Int’l Cargo
Int’l Cargo
Int’l Cargo
Int’l Cargo
Int’l Cargo
International
International
International
International
International
Commuter
Commuter
Commuter
Air Taxi
Air Taxi
Air Taxi
Air Taxi

1-250
251-500

501-1000
1001-1500
1501-2000

2001+
1-500

501-1000
1001+
1-100

101-250
251-500

501-1000
1001-1500
1501-2000

2001+
1-500

501-1000
1001-1500
1501-2000

2001+
1-500

501-1000
1001-1500
1501-2000

2001+
1-100

101-250
251+

1-100
101-250
251-500

501+

1,175,344
1,789,628
1,747,843

690,969
313,729
178,780
119,557

36,474
50,935

217,444
617,602
320,879
203,119

46,917
56,533
42,604
27,281
11,434
16,791
13,762
52,824

255,335
94,040
96,363
71,916

302,834
1,904,483
1,889,075

744,017
257,748
581,766
294,690
123,234

177.27
365.18
724.15

1,196.29
1,701.34
2,428.20

256.77
707.28

1,744.40
69.75

167.79
352.84
696.26

1,248.95
1,795.31
3,392.97

210.60
717.19

1,183.77
1,605.20
4,438.01

192.16
747.71

1,222.92
1,665.03
4,423.46

51.59
165.21
319.50

69.36
164.82
342.57
882.70

176.16
362.70
717.85

1,176.15
1,658.74
2,383.42

237.31
630.81

1,549.45
69.74

167.40
352.58
694.72

1,248.03
1,791.27
3,226.60

107.49
343.80
266.56
302.67

1,226.82
145.10
360.85
457.81
891.21

1,308.07
50.33

164.30
314.58

69.36
164.82
342.57
882.70

1,954.84
2,816.28
4,653.50
7,145.51
9,647.39

15,107.69
2,358.76
4,712.43

12,592.66
475.99
653.27

2,079.07
5,015.80
8,254.39

12,041.27
27,892.86

541.61
4,076.68
6,581.18

10,174.88
33,016.38

867.41
4,856.61
7,486.82
9,871.30

41,700.13
265.39
590.85
839.94
302.37
441.48

1,075.04
2,631.17

343.74
513.07
818.99

1,196.08
1,622.18
1,979.50

387.82
759.44

1,533.56
96.03
69.88

198.41
318.73
330.04
364.25
480.66

0.00
0.00
0.00
0.00
0.00

56.81
205.13
222.06
252.89
404.02

26.24
75.26

121.56
19.98
30.40
43.00
32.71

98.19
109.83
138.95
170.59
187.71
219.99

79.38
116.24
160.71

88.19
96.29

105.99
127.74
149.31
164.97
145.69

57.51
72.22
67.24
66.83
95.52
47.07
74.62
86.67

108.35
111.07

65.89
93.39

105.11
95.38

100.33
106.83
131.59

*MCATSij: The incremental cost of providing to the user/distance block ij the average bundle of FAA
services used by flights in user/distance block ij.
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 Table A-3 (Continued)
INPUT PARAMETERS

Non-
Commercial
User Type

Distance
Block

Number
of Flights

Average
Distance

Average
US

Distance

Average
Flight
Cost

Average
Current

Tax

Average
Incr.ATS

Cost*

GA Piston
GA Piston
GA Piston
GA Piston
GA Turbine
GA Turbine
GA Turbine
GA Turbine
GA Turbine
Rotorcraft
Military
Military
Military
Military
Military
Military
Military
Other Public
Other Public
Other Public
Other Public

1-100
101-250
251-500

501+
1-100

101-250
251-500

501-1000
1001+

1+
1-100

101-250
251-500

501-1000
1001-1500
1501-2000

2001+
1-100

101-250
251-500

501+

6,317,990
1,019,547

612,663
250,305
825,885
437,019
413,649
343,662
166,665

1,199,212
910,582
143,208

84,969
80,028
22,437

5,913
50,949
30,918
27,702
32,805
61,236

23.29
169.21
350.03

1,148.19
28.31

176.10
362.05
705.98

1,923.84
20.05
24.68

160.38
359.53
688.23

1,211.40
1,753.66
5,547.76

65.48
152.76
346.38
880.93

23.28
168.05
345.22

1,017.09
28.23

174.67
354.58
693.73

1,571.53
20.05
24.45

157.70
345.42
663.56

1,129.37
1,538.18
4,488.25

65.48
152.76
329.89
850.11

75.18
175.47
306.50
922.05
396.33
753.46

1,124.85
1,902.33
4,199.78

108.63
1,934.08
2,228.60
3,094.56
4,857.42
8,978.70

13,351.64
31,568.47

344.39
507.12
791.23

2,448.92

1.25
2.96
5.17

15.51
23.39
45.78
68.58

117.14
257.42

2.62
134.81
173.28
188.58
230.51
294.17
321.95
230.01

0.00
0.00
0.00
0.00

37.53
80.89
86.97

103.95
42.43
81.95
88.68

110.28
138.89

22.18
50.69
70.15
76.29
94.30

123.60
136.64

88.03
109.13
105.69
112.93
125.43

User Type
Distance

Block
Number

of Flights
Average
Distance

Average
US

Distance

Average
Flight
Cost

Average
Current

Tax

Average
Incr.ATS

Cost*

Overflights
Overflights
Overflights
Overflights
Overflights
Overflights
Overflights

1-100
101-250
251-500

501-1000
1001-1500
1501-2000

2001+

44,744
4,222

30,999
44,557

5,942
21,220
71,827

39.01
139.48
411.78
765.11

1,280.96
1,693.75
4,093.57

3.70
48.67

143.78
410.83
683.73
722.35

1,582.48

377.52
774.19

2,057.09
3,824.60
5,636.58
9,914.49

39,321.84

0.00
0.00
0.00
0.00
0.00
0.00
0.00

28.32
18.15
27.24
41.69
65.71
65.86
81.32

*MCATSij: The incremental cost of providing to the user/distance block ij the average bundle of FAA
services used by flights in user/distance block ij.



A-18 Technical Supplement A:  Ramsey Pricing

12
ICAO. “Statements by the Council to Contracting States on Charges for Airports and Route Air

Navigation Facilities” (Doc 9082/4), 31(ii).

FAA FY 1995 Cost Allocation Study
March 19, 1997

There are some important implications arising out of the definition of the service
bundles described in 6.3.2 and 6.3.3 of the report.  First, all services in a given bundle
are taken to be related as perfect complements.  This means, for example, that the user
will not decrease purchase of overs because of an increase in the price of operations,
once the decision to fly is made.  This eliminates the need for estimates of cross-price
elasticities for individual flight services.  Because air traffic services have never been
priced, cross-price elasticities cannot be estimated directly nor can they be inferred from
existing econometric studies of aviation behavior.  Second, linking the service bundle to
a flight means that the services are essential inputs to the flight.  In other words, once
the decision to fly is made, the bundle of services must be purchased by the user. 
Linking service bundles to flights as essential inputs allows us to make inferences about
the own-price elasticities of services from estimates of demand elasticities for flights. 
Again, since system services have never been priced, own-price elasticities for services
cannot be estimated directly.

The bundling of flight services for each user/distance group is not, however,
merely a simplification used to accommodate a paucity of data.  In many cases, FAA
flight services have a large safety component.  Unbundled services, each with a price of
its own, would allow users to become selective in the level of flight safety they choose
to purchase.  Treating flight services as bundled essential inputs to a flight is more
consistent with FAA’s safety mandate.  Similar concerns with the effects of service
prices on aviation safety have been addressed by other regulatory bodies.  The
International Civil Aviation Organization (ICAO) states that “systems used for charging
for route air navigation facilities and services....should not be imposed in such a way as
to discourage the use of facilities and services necessary for safety or for the
introduction of new aids and techniques.”12

A.6.2 Fixed and Common Costs

Once the marginal costs of FAA air traffic services are found, the remaining ATS
costs can be considered as fixed or common.  These common/fixed costs may be
classified as site-based or non-site-based.  Site-based common/fixed costs represent the
constant terms of the site cost regression equations described in Section 5 of the report. 
ATS environments (towers, domestic centers, oceanic centers, and FSSs) are indexed by
k, and their costs are denoted by FIXSITEk.  

Non-site costs are comprised of air traffic and airway facilities overhead, airway
facilities sector costs, logistics center costs, common telecommunications costs and non-
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Qij ' αijP
gij
ij A(13)

site F&E and RE&D costs.  Denote these costs as FIXNSITEk.  Because all FAA activities
are regarded as being directed toward the provision of a safe and efficient air
transportation system,13 non-ATS costs are also included in the total fixed costs that
must be covered by the pricing of air traffic services; denote these costs by FIXNATS. 
Fixed and common cost totals used in the analysis are shown in Table A-4.

Table A-4
FIXED AND COMMON COSTS

($Million)

Category
ATS Fixed
Site Costs

ATS 
Common Costs

Non-ATS
Costs Total

Towers
Domestic En Route Centers
Oceanic En Route Centers
Flight Service Stations*
Non-ATS

822.113
493.704
121.686
159.437

1,291.937
904.724

43.851
225.247

700.042

2,114.050
1,398.428

165.537
384.684
700.042

Total 1,596.940 2,465.759 700.042 4,762.741
* The ATS fixed Site and Non-Site costs for Flight Service Stations are used in constraint (2) of
equation A(18), which prevents cross-subsidization of GA users by other user groups.

A.6.3 Demand for Services

Within each user/distance combination, all flights are assigned the same own-
price elasticity of demand, and these elasticities do not vary with the level of demand. 
The demand for flights in category ij is specified as a constant elasticity demand curve: 

    where Qij = the quantity of flights demanded by user/distance group ij;
Pij = the full (short-run) cost (i.e., price) of a flight for user/distance

group ij;
"ij = a constant, which may be different for different user/distance

groups; and,
gij = the own-price elasticity of demand for flights for user/distance

group ij.
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Qij ' αijP
δ̄ij

P̄ij

P̄ FAA
ij

ij

A(14)

Note that with the user group demand function A(13), Qij is the quantity of flights
demanded by user/distance group ij at the flight cost (or “price”)  Pij .  In other words,
Pij represents the full willingness-to-pay by the marginal user for flights; Pij includes the
costs associated with a flight for user/distance group ij, which would include fuel,
crew, maintenance, etc., plus the cost of air traffic system services that are actually
charged to the user.  Currently, the air traffic system services costs are in the form of
various fuel and passenger taxes, and the incidence of these taxes does not necessarily
bear any resemblance to the costs imposed on the air traffic system by its users.  It is
also important to note that most users have a willingness-to-pay greater than Pij, and the
fact that these users pay only Pij for flights they are willing to pay more for is the source
of the consumer surplus benefits maximized (over all user groups) by the Ramsey
Pricing method.

Estimates of "ij and gij are required to parameterize A(13).  Again keeping in
mind that gij represents the elasticity of demand for flights (not for air traffic services) of
user/distance group ij, demand elasticities were assigned to each user group based on a
review of prior estimates of the final demand for aviation services.  Many of these prior
studies were reviewed in an FAA analysis of aircraft child restraint systems.14  As
discussed in the analysis, prior studies reflect a range of demand elasticities for
passenger air transportation; most values were in the range of -0.5 to -2.0.  As such, a
base elasticity of -1.0 was established for all user types except GA piston elasticities; the
latter were set equal to -1.5 to reflect a greater sensitivity to price changes on the part of
GA piston users.

While the Ramsey allocation results presented in the report are somewhat
sensitive to the choice of values for the own-price elasticity of demand, the elasticity
values used represent the best available estimates.  Also, it is important to recognize
that the sensitivity of users to changes in ATS prices (i.e., the ATS elasticity) depends
not only on the demand elasticities for flights, but also on the share of ATS services
consumed relative to the overall cost of operating flights.  This can be seen more clearly
by noting that the demand for flights can be directly tied to the elasticity with respect to
ATS services.  Solving A(4) for gij and substituting into A(13) yields the following:

where the bars represent current values.
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Unlike the final demand elasticities, the ATS elasticities, which measure the change in
the quantity of flights demanded (not the quantity of ATS services demanded) in
response to a one percent change in the price for ATS services, can vary at different
points along the demand curve, depending on the ATS share of overall flight costs. 
Estimates of the initial ATS elasticities (evaluated at current prices) are presented in
Table A-5.  Note that there are some users who do not currently pay any fees or taxes
(International Cargo, Other Public and Overflights).  For these users, the current ATS
elasticity cannot be directly evaluated, since their current price for ATS services is zero. 
In this case, the effect of newly enacted prices or fees for ATS services on the overall
demand for flights will depend on the private per flight costs paid by these users and
on the percentage increase in total flight costs that results from adding the new ATS
charges to these private costs.  Note also that users perceived to be relatively more
responsive to price changes (e.g., GA piston) may actually exhibit lower ATS elasticities
at current prices than other less price sensitive users; again, this is due to differences
among user groups in the share of current ATS taxes relative to overall flight cost.

Table A-5

ELASTICITIES OF DEMAND FOR AIR TRAFFIC SERVICES AT CURRENT PRICES

User Type 100 250 500 1000 1500 2000 9999

Domestic Jet
Commuter
Charter
Air Taxi
Domestic Cargo
International Cargo
International
Overflights
GA Piston
GA Turbine
Helicopter
Military
Other Public

-0.099

-0.066
-0.202

NA
-0.025
-0.059

-0.070
NA

-0.176
-0.128

-0.069
-0.107

NA
-0.025
-0.061

-0.078
NA

-0.182

-0.165
-0.040
-0.096

NA
-0.066

NA
-0.025
-0.061

-0.061
NA

-0.176

-0.161

-0.064
NA

-0.042
NA

-0.062

-0.048

-0.168

-0.040
NA

-0.030
NA

-0.033

-0.168

-0.030
NA

-0.026
NA

-0.024

-0.131
-0.145
-0.122
-0.012
-0.017

NA
-0.010

NA
-0.025
-0.061
-0.024
-0.007

NA

For ease of presentation, the analysis presented below is developed using the
elasticity with respect to flights, gij, but A(14) makes it clear that the elasticity with
respect to air traffic services, *ij, is embedded in the demand curves which are used as
inputs to the Ramsey optimization.

Given an estimate of gij, "ij can be found if initial estimates of Qij and Pij are
observed.  The current quantity of flights is simply equal to , as defined above.  TheQ ij
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αij '
Qij

P
gij
ij

A(15)

B(Q) ' j
i

j
j
B(Qij) , where B(Qij) ' m

Qij

0

(qij /αij)
1/gij dqij A(16)

corresponding  is found as the sum of MCFLTij and Tij.
15  Given these observedPij

estimates, "ij  can be computed as:

If A(5) is now treated as applying to the demand for flights (which in turn determines 
the demand for air traffic services), then the benefit function B represents the
cumulative willingness-to-pay for flights, or the cumulative area under the flight
demand curves.  Given A(13), B can now be written as:

Note that is the inverse demand function, or curve, for flights, so the integral(qij/αij)
1/gij

represent the benefit resulting from Qij flights by user/distance group ij.

A.6.4 Taxes

Under a Ramsey Pricing regime, the optimal prices would presumably replace
the current system of taxes and general fund revenues used to finance both ATS and
non-ATS services provided by FAA.  Note, however, that current taxes are included in
the observed baseline flight costs (i.e., the ).  If Tij represents the total tax paid on a Pij
flight by user/distance group ij, then the cost after the tax is eliminated is simply
MCFLTij, the private flight costs for group ij.  Note also that Tij = 0 for users who
currently do not pay any tax.

A.6.5 The Ramsey Pricing Model

Since air traffic services are regarded as essential inputs to flights, the
maximization problem solves for the optimal total flight cost for each user/distance
group. This optimal total cost is the Ramsey price  for a flight within any individualP

(

ij
user/distance group.  The Ramsey price for air traffic services (denoted by ) is thenR

(

ij
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Max
Qij

j
i

j
j m

Qij

0

(qij/αij)
1/gij dqij & (MCFLTij%MCATSij)Qij A(17)

(1) j
i

j
j
Qij (Qij/αij)

1/gij $ j
i

j
j

(MCFLTij%MCATSij)Qij

% j
k

(FIXSITEk%FIXNSITEk) % FIXNATS

(2) j
j
QGAj (QGAj/αGAj)

1/gGAj $ j
j

[MCFLTGAj%MCATSGAj(fss)]QGAj

% j
k

[FIXSITEk(fss)%FIXNSITEk(fss)]

(3)
Pmn&MCFLTmn
MCATSmn

#
Prs(mn)&MCFLTrs(mn)

MCATSrs(mn)

for international passenger flights and overflights

(4)
Pmn&MCFLTmn
MCATSmn

#
Prs(mn)&MCFLTrs(mn)

MCATSrs(mn)

for international all&cargo flights

where Pmn / (Qmn/αmn)
1/gmn

A(18)

backed out from the optimal total cost by subtracting the per flight private costs
MCFLTij from .P

(

ij

The constrained maximization problem (with constraints enumerated and
discussed below) is:

subject to:

The four constraints in the optimization model have the following interpretations:

(1) The first constraint is a revenue adequacy constraint, which requires that
revenues from total flight expenditures by users be sufficient to cover
direct (private) flight costs, marginal ATS costs, and fixed ATS and non-
ATS costs.
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R (

ij ' P (

ij &MCFLTij A(19)

(2) In the second constraint, the revenue from total flight expenditures by GA
users was constrained to be no less than that required to cover direct
(private) flight costs, ATS marginal costs for GA users, and all  FAA
common and fixed costs for flight service stations.  This constraint takes
the same form as that in constraint (1), with j now running over just the
GA user groups, k covering just FSSs, and FIXNATS excluded.  The dollar
amounts for this constraint are shown as part of Table A-4.

(3) For overflights and international passenger flights (denoted in the
constraint as user/distance groups mn), the markup of the Ramsey price
for air traffic services over ATS marginal cost was constrained to be no
greater than the markup for the domestic jet category with the closest unit
flight cost in U.S. airspace (for a particular overflight or international
passenger distance group mn, the domestic jet distance group with the
closest unit flight cost is denoted rs(mn) ).16  The specific correspondences
(between mn and rs(mn) ) are shown in Table A-6.

(4) For international all-cargo flights, the markup of the Ramsey price for air
traffic services over ATS marginal cost was constrained to be no greater
than that for domestic cargo flights with the closest unit flight cost in U.S.
airspace (for a particular international all-cargo distance group mn, the
domestic all-cargo distance group with the closest unit flight cost is
denoted rs(mn) ).  Table A-5 also contains the specific correspondences for
this constraint.  

Note finally that the inverse demand function  is implicitly used in thePij' (Qij/αij)
1/gij

first constraint, the lefthand side of which represents total flight expenditures by all
users.

Solving A(17) under the constraints in A(18) yields the Q*ij, the optimal number
of flights.  Since the air traffic services are taken to be essential inputs, the Q*ij also give
the Ramsey optimal ATS levels.

Substituting the Q*ij into A(13) yields the P*ij, the unit total flight costs that reflect
Ramsey optimality for air traffic services.  The corresponding Ramsey prices for FAA
services are:  
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Table A-6

MARKUP CONSTRAINTS

User/Distance       !     Markup Constrained To Be No Greater Than     !       User/Distance

Overflights/1-100
Overflights/101-250
Overflights/251-500
Overflights/501-1000
Overflights/1001-1500
Overflights/1501-2000
Overflights/2001+

Commuter/1-100
Domestic Jet/1-250
Domestic Jet/1-250
Domestic Jet/251-500
Domestic Jet/251-500
Domestic Jet/1501-2000
Domestic Jet/2001+

Int’l Pax/1-500
Int’l Pax/501-1000
Int’l Pax/1001-1500
Int’l Pax/1501-2000
Int’l Pax/2001+

Domestic Jet/1-250
Domestic Jet/251-500
Domestic Jet/251-500
Domestic Jet/501-1000
DJ/avg(1501-2000,2001+)

Int’l Cargo/1-500
Int’l Cargo/501-1000
Int’l Cargo/1001-1500
Int’l Cargo/1501-2000
Int’l Cargo/2000+

Domestic Cargo/1-100
Domestic Cargo/251-500
Domestic Cargo/251-500
Domestic Cargo/251-500
Domestic Cargo/1001-1500

The Ramsey optimal prices for air traffic services are shown in Table A-7.  Using
Equation A(4), the ATS elasticities which are relevant at the Ramsey prices can also be
computed.  These elasticity estimates are shown in Table A-8.  Note that these
elasticities differ from the elasticities which are relevant at current prices (shown in
Table A-5).
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Table A-7

RAMSEY PRICES FOR AIR TRAFFIC SERVICES 
BY USER TYPE AND DISTANCE BLOCK

User Type 1 to 
100

101 to
250

251 to
500

501 to
1000

1001
to

1500

1501
to

2000

All
Other

Commercial

Domestic Jet , $275 $372 $554 $797 $1,243 $2,307

Charter , , $289 $533 , , $1,309

Domestic All Cargo $138 $166 $324 $622 $1,533 $1,377 $2,966

International All Cargo , , $90 $221 $206 $204 $981

International Passenger , , $132 $253 $294 $432 $950

Commuter $97 $156 , , , , $189

Air Taxi $134 $153 $223 , , , $411

Non Commercial

General Aviation Piston $47 $103 $121 , , , $192

General Aviation Turbine $99 $190 $245 $370 , , $697

Rotorcraft , , , , , , $40

Public Users

Military $240 $288 $382 $578 $1,025 $1,484 $3,305

Other $156 $168 $205 , , , $389

Overflights $42 $51 $76 $141 $223 $436 $853
Note: Arrows indicate that these distance blocks are included in the reported results for the next higher
distance block.
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Table A-8

ELASTICITIES OF DEMAND FOR AIR TRAFFIC SERVICES AT RAMSEY PRICES

User Type 100 250 500 1000 1500 2000 9999

Domestic Jet
Commuter
Charter
Air Taxi
Domestic Cargo
International Cargo
International
Overflights
GA Piston
GA Turbine
Helicopter
Military
Other Public

-0.290

-0.322
-0.267

-0.100
-0.585
-0.210

-0.118
-0.311

-0.146
-0.232

-0.271
-0.222

-0.062
-0.561
-0.212

-0.123
-0.250

-0.139

-0.128
-0.178
-0.147
-0.143
-0.140
-0.036
-0.429
-0.189

-0.116
-0.206

-0.126

-0.119

-0.117
-0.051
-0.052
-0.036

-0.172

-0.111

-0.118

-0.162
-0.030
-0.039
-0.038

-0.106

-0.134

-0.106
-0.020
-0.043
-0.042

-0.102

-0.150
-0.209
-0.106
-0.137
-0.098
-0.029
-0.023
-0.021
-0.262
-0.150
-0.273
-0.095
-0.137
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TECHNICAL SUPPLEMENT B
ATS COST OF SERVICE MODELS

B.1 INTRODUCTION

This Supplement presents the results of various regression models tested in
developing estimates of the marginal costs of FAA services.  All the models presented
here reflect results from estimates of linear regression equations.  It should be noted,
however, that early in the model selection process, some log-linear equation
specifications were also tested; in all cases, the linear models were found to be preferred
based on appropriate statistical tests.

As described in Section 5 of the main report, marginal cost coefficients were
obtained from eight separate regression models, representing the following ATS
environments:

C Domestic En Route Centers
C Oceanic En Route Centers
C TRACONs (High Primary Activity)
C TRACONs (Low Primary Activity)
C Limited Radar Towers
C Radar Towers
C Non-Radar, VFR and Contract Towers
C Flight Service Stations

The ATS cost of service models are based on measured costs at individual ATS
facilities (site costs) and their relationship to the outputs provided at each facility.  The
models reflect the economic characteristics of the production of ATS services and allow
both fixed and marginal costs to be isolated by facility type.  The cost of service models
also provide estimates of the marginal unit costs of producing various ATS services for
users.

To support the estimation of cost of service models, ATS costs were developed on
a site-specific basis.  The site costs were derived from the Tier Model’s line of business
and service costs.

The first part of Section 5 of the report describes the distribution of ATS line of
business costs to individual facilities and presents a summary of ATS costs by flight
environment and facility type.  These data, reprinted here as Table B-1, represent the
site costs in each category that were used as inputs to the cost of service models.
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Table B-1
SUMMARY OF ATS SITE COSTS

FY 1995 ($Millions)

FACILITY TYPE

Air 
Traffic 
Direct

Airway
Facilities

Direct

Airway
Facilities

En 
Route

Flight
Inspection

Medical
Field 

Offices

Direct 
Tele-

communications
Site 
F&E

Input for
Cost of
Service
Models

Total
Costs

ARTCCs
Domestic Costs
Oceanic Costs
All ARTCCs

TERMINALS
Tracon
Radar Tower
Limited Radar Tower
Non-Radar Tower
VFR Tower
Contracted Tower
Non-FAA Staffed 
   Facility*
All Terminals

FLIGHT SERVICE
STATIONS
Automated
Non-Automated
All Stations

TOTALS

$775.3
50.1

825.3

228.5
443.8
110.7

6.6
113.2
15.1

0.5
918.5

220.4
11.2

231.6

$1,975.4

$146.5
12.5

159.0

48.6
109.1
35.7
3.7

38.6
9.8

56.3
301.9

21.8
4.9

26.7

$487.6

$58.9
0.0

58.9

$58.9

$6.1
0.0
6.1

0.3
12.6
6.4
0.7
5.6
2.2

20.2
47.9

$54.1

$2.0
0.2
2.2

$2.2

$44.1
21.7
65.8

4.9
15.2
5.9
0.3
6.0
1.9

1.8
36.0

25.3
2.7

28.0

$129.8

$656.8
63.9

720.7

60.4
188.2
66.4
3.1

50.3
11.7

12.7
392.8

20.3

20.3

$1,133.
7

$1,689.8
148.3

1,838.1

342.8
768.8
225.2
14.4

213.7
40.5

1,605.4

287.8
18.9

306.6

$3,750.1

$2,594.5
192.1

2,786.6

690.8
1,320.6

364.5
26.8

358.8
62.2

165.3
2,989.0

491.6
40.3

531.9

$6,307.5

*Cost models could not be reliably estimated for these facilities; as such, these costs are included as a
common cost of the Terminal environment.

The final regression results are presented in the last part of Section 5 of the report.

Tables B-2 through B-9 on the following pages depict the statistical results of the
various regression models estimated for each environment.  In all cases, the first model
shown (#1 in each table) is an unrestricted model (in the sense that no specific
constraints on the coefficients are imposed). In six of the eight cases, the unrestricted
model gave anomalous results (e.g., negative coefficients associated with certain
activities) or indicated that one or more explanatory variables were statistically
insignificant.  In these situations, additional models were specified and tested; in all
cases, the model actually selected for use in the CAS is the last one shown (i.e., the
highest-numbered one).
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B.2 DOMESTIC EN ROUTE CENTERS

The first regression for domestic en route centers includes a dummy variable for
the Alaska center and allows marginal costs to vary by both activity type (departures
and overs) and user group (air carrier, air taxi, GA and military).  Adopting the
standard convention that t-statistics with absolute values greater than approximately 2
signify statistical significance, Column #1 of Table B-2 indicates only two of the eight
activity variables had statistically significant positive coefficients.  Regression #2 was
run with the restrictions that the marginal costs of both departures and overs did not
vary by user group.  While the activity coefficients have correct signs and are
significant, the Alaska dummy is only weakly significant; moreover, the estimated ratio
of unit departure cost to over cost (35.074/28.985 = 1.21) is not consistent with the basic
FAA measure of workload handles, which is based on a 2:1 ratio (between departures
and overs).  Consequently, Regression #3 was run excluding the Alaska dummy, and
Regression #4 restricted the departures’ coefficients to be exactly twice the overs’
coefficients as well.  In #3, the 2:1 ratio is still not close to being satisfied, so #4 was
chosen as the working estimate of domestic en route center site costs.  The R-squared
coefficient (0.635) indicates a reasonable fit to the data.  The F-statistic shown at the
bottom of the column tests whether the restrictions imposed can be statistically
supported.  The corresponding p-value (labeled as prob(F) in the table) is the observed
significance level of the test; values less than about .05 imply that the restrictions (as a
group) should be rejected.  For example, the p-value in Column #4 (.2180) indicates that
the restrictions imposed in that column cannot be rejected.

B.3 OCEANIC EN ROUTE CENTERS

Econometric modeling and testing for oceanic en route centers was severely
limited by the small number of observations available (5).  A single regression was run
utilizing an Alaska dummy and a measure for overs that did not distinguish among
user groups.  The results shown in Table B-3 appear to be reasonable.

B.4 TRACON (HIGH PRIMARY ACTIVITY) REGRESSIONS

The unrestricted regression for high-activity TRACONs includes dummy variables
for Alaska, facility level, and participation in the pay demo program.  Marginal costs are
allowed to vary by both activity type (primary operations, seconds, and overs) and user
group.  Column #1 of Table B-4 shows very low t-statistics for all of the dummy
variables, as well as negative and/or insignificant coefficients for may of the activity
variables.  Regression #2 was run imposing restrictions requiring equality 
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Table B-2
DOMESTIC EN ROUTE CENTER REGRESSIONS

Number of Observations: 21 
Mean of Dependent Variable: 80,466.619 

Estimated Coefficients and t-Statistics

Explanatory Variable Mean #1 #2 #3 #4

Intercept 1.000 37,715.000 43,622.000 33,016.000 32,194.000 
(2.645) (4.366) (3.957) (3.845)

Alaska Dummy 0.048 (24,233.000) (21,234.000) 0.000 0.000 
(-1.752) (-1.738) (0) (0)

AC Departures 334.000 17.738 35.074 45.050 51.749 
(.771) (3.067) (4.319) (5.981)

AT Departures 149.500 136.210 35.074 45.050 51.749 
(2.984) (3.067) (4.319) (5.981)

GA Departures 153.300 (52.211) 35.074 45.050 51.749 
(-.913) (3.067) (4.319) (5.981)

MI Departures 71.620 166.760 35.074 45.050 51.749 
(2.174) (3.067) (4.319) (5.981)

AC Overs 294.300 33.061 28.985 34.618 25.874 
(1.225) (3.225) (3.916) (5.981)

AT Overs 28.400 (215.570) 28.985 34.618 25.874 
(-1.825) (3.225) (3.916) (5.981)

GA Overs 64.220 121.960 28.985 34.618 25.874 
(1.039) (3.225) (3.916) (5.981)

MI Overs 61.870 36.118 28.985 34.618 25.874 
(.713) (3.225) (3.916) (5.981)

Adjusted R-Squared 0.713 0.677 0.640 0.635 

F-Test for Restrictions 1.359 1.651 1.646 
prob(F) (.312) (.219) (0.218)
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Table B-3
OCEANIC EN ROUTE CENTER REGRESSIONS

Number of Observations: 5 
Mean of Dependent Variable: 29,652.200 

Estimated Coefficients and t-Statistics

Explanatory Variable Mean #1 #2 #3 #4

Intercept 1.000 15,801.000 
(2.308)

Alaska Dummy 0.200 19,946.000 
(2.125)

Oceanic Overs 175.300 56.247 
(2.024)

Adjusted R-Squared 0.490 

F-Test for Restrictions
prob(F)

of coefficients across user groups within each activity type.  In this model, the dummy
variable coefficients were still not significant.  Regression #3 imposed additional
restrictions setting the dummy variables equal to zero and imposing equality across
both user groups and activity types simultaneously; this was chosen as the estimate of
high-activity tracon costs in the CAS.  The R-squared coefficient (0.896) indicates a very
good fit to the data, and the p-value (0.700) indicates that the restrictions imposed
cannot be rejected.

B.5 TRACON (LOW PRIMARY ACTIVITY) REGRESSIONS

As with oceanic en route centers, the modeling and testing for low-activity
TRACONs was impacted by the small number of observations available (8).  The
unrestricted regression includes a dummy variable for facility level, and marginal costs
are allowed to vary by activity type (primary operations, seconds, and overs). 
Column #1 of Table B-5 shows low t-statistics for all variables, as well as a negative sign
for overs.  Regression #2 imposes restrictions requiring equality of coefficients 
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Table B-4
TRACON (HIGH PRIMARY ACTIVITY) REGRESSIONS

Number of Observations: 23 
Mean of Dependent Variable: 13,201.348 

Estimated Coefficients and t-Statistics
Explanatory Variable Mean #1 #2 #3 #4
Intercept 1.000 (1,249.900) (1,401.100) (2,575.200)

(-0.080) (-0.148) (-1.931)
Alaska Dummy 0.043 997.210 2,867.500 0.000 

(0.186) (0.773) (0)
Level Dummy 4.739 (253.930) (640.080) 0.000 

(-0.083) (-0.320) (0)
Pay Demo Dummy 0.130 6,180.700 (1,597.300) 0.000 

(0.816) (-0.621) (0)
AC Primary Ops 272.500 9.121 21.927 22.165 

(0.805) (6.896) (13.771)
AT Primary Ops 115.000 41.757 21.927 22.165 

(1.869) (6.896) (13.771)
GA Primary Ops 48.930 6.348 21.927 22.165 

(0.135) (6.896) (13.771)
MI Primary Ops 5.020 (21.170) 21.927 22.165 

(-0.069) (6.896) (13.771)
AC Seconds 46.030 (2.386) 24.199 22.165 

(0.089) (5.779) (13.771)
AT Seconds 28.760 29.357 24.199 22.165 

(0.305) (5.779) (13.771)
GA Seconds 98.580 36.339 24.199 22.165 

(1.678) (5.779) (13.771)
MI Seconds 17.470 33.044 24.199 22.165 

(0.747) (5.779) (13.771)
AC Overs 17.050 45.973 43.026 22.165 

(0.949) (3.987) (13.771)
AT Overs 13.680 (25.496) 43.026 22.165 

(-0.272) (3.987) (13.771)
GA Overs 43.480 25.806 43.026 22.165 

(0.414) (3.987) (13.771)
MI Overs 5.350 161.320 43.026 22.165 

(0.724) (3.987) (13.771)

Adjusted R-Squared 0.874 0.903 0.896 

F-Test for Restrictions 0.594 0.742 
prob(F) (0.771) (0.700)
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Table B-5
TRACON (LOW PRIMARY ACTIVITY) REGRESSIONS

Number of Observations: 8 
Mean of Dependent Variable: 3,988.375 

Estimated Coefficients and t-Statistics

Explanatory Variable Mean #1 #2 #3 #4

Intercept 1.000 (2,857.900) (698.780) 1,028.600 
(-1.105) (-0.349) (1.888)

Level Dummy 3.625 1,639.500 744.100 0.000 
(1.566) (0.897) 0.000 

Total Primary Ops 29.680 10.840 7.887 11.732 
(0.652) (1.685) (6.340)

Total Seconds 152.500 4.666 7.887 11.732 
(0.818) (1.685) (6.340)

Total Overs 70.100 (1.861) 7.887 11.732 
(-0.221) (1.685) (6.340)

Adjusted R-Squared 0.844 0.843 0.848 

F-Test for Restrictions 1.009 0.942 
prob(F) (0.462) (0.355)

across activity types.  The results are improved relative to #1, but the level dummy
variable is still insignificant.  Regression #3 set this dummy variable equal to zero, and
was chosen as the estimate of low-activity tracon costs in the CAS.  The R-squared
coefficient (0.848) indicates a very good fit to the data, and the p-value (0.355) indicates
that the restrictions imposed cannot be rejected.

B.6 LIMITED RADAR TOWER REGRESSIONS

The unrestricted regression for limited radar towers includes dummy variables
for Alaska, facility level and participation in the pay demo program.  Marginal costs are
allowed to vary according to whether the user type is commercial (air carrier and air
taxi) or non-commercial (GA and military); within the non-commercial category,
variation is also allowed between itinerant and local operations (there are no local
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operations data for commercial users).  There is only one activity type (operations). 
Column #1 of Table B-6 indicates a negative sign on non-commercial itinerant
operations, as well as a low t-statistic for local operations.  Regression #2 restricts the
coefficient on non-commercial itinerant operations to be equal to that for local
operations.  This again resulted in insignificant coefficient estimates.  Regression #3 sets
the coefficients on the Alaska and pay demo dummy variables equal to zero.  Once
again, the coefficients on non-commercial activity were insignificant; lacking any other
reasonable alternatives, the results from #3 were used in the CAS.  Note, however, that
the R-squared coefficient (0.849) indicates a very good fit to the data, and the p-value
(0.286) indicates that the restrictions imposed cannot be rejected.

Table B-6
LIMITED RADAR TOWER REGRESSIONS

Number of Observations: 43 
Mean of Dependent Variable: 5,236.047 

Estimated Coefficients and t-Statistics

Explanatory Variable Mean #1 #2 #3 #4

Intercept 1.000 (497.270) (503.710) (320.490)
(-0.579) (-0.589) (-0.374)

Alaska Dummy 0.023 281.380 296.780 0.000 
(0.247) (0.262) (0)

Level Dummy 3.581 1,017.600 986.520 817.220 
(3.175) (3.117) (2.656)

Pay Demo Dummy 0.047 1,835.800 1,836.600 0.000 
(1.798) (1.808) (0)

AC+AT Ops 251.100 7.998 8.071 9.864 
(4.358) (4.425) (6.350)

GA+MI Itinerant Ops 66.090 (1.961) 1.029 1.792 
(-0.427) (0.394) (0.49484)

GA+MI Local Ops 19.470 6.103 1.029 1.792 
(0.883) (0.394) (0.49484)

Adjusted R-Squared 0.853 0.854 0.849 

F-Test for Restrictions 0.629 1.310 
prob(F) (0.433) (0.286)
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B.7 RADAR TOWER REGRESSIONS

The unrestricted regression for radar towers includes dummy variables for
Alaska and facility level.  Marginal costs for operations are allowed to vary in the same
manner as the unrestricted limited radar tower model; in addition, there are activity
variables representing seconds and overflights.  The results in Table B-7 indicate
reasonable estimates for all variables, so no additional regressions were run.  The        
R-squared coefficient (0.951) indicates a very good fit to the data.

Table B-7
RADAR TOWER REGRESSIONS

Number of Observations: 148 
Mean of Dependent Variable: 5,192.405 

Estimated Coefficients and t-Statistics

Explanatory Variable Mean #1 #2 #3 #4

Intercept 1.000 (106.900)
(-0.267)

Alaska Dummy 0.007 1,356.200 
(1.743)

Level Dummy 3.047 832.760 
(4.505)

AC+AT Ops 70.940 23.755 
(22.507)

GA+MI Itinerant Ops 44.140 6.508 
(2.076)

GA+MI Local Ops 24.060 4.431 
(1.181)

Total Seconds 31.060 10.142 
(5.193)

Total Overs 42.720 8.386 
(3.258)

Adjusted R-Squared 0.951 

F-Test for Restrictions
prob(F)
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B.8 NONRADAR, VFR AND CONTRACT TOWER REGRESSIONS

The unrestricted regression for these smaller towers includes dummy variables
for Alaska and facility level; in addition, one dummy for VFR and another for contract
towers are incorporated.  Again, marginal costs for operations are allowed to vary in the
same manner as the unrestricted limited radar tower model.  The results in Table B-8
indicate wrong signs and/or insignificant coefficients for the contract and Alaska
dummies and for local operations.  The Alaska dummy was restricted to be zero in the
Regression #2; similar restrictions were not placed on the contract dummy because this
would contradict the standing belief that contract towers tend to be smaller facilities
than other non-radar towers, and therefore should incur smaller costs (after accounting
for activity differences).  Similarly, it was held that local operations must in fact incur
some marginal costs, so this coefficient was also left unrestricted.  The R-squared
coefficient (0.612) indicates a reasonable fit to the data, and the p-value (0.462) indicates
that the restrictions imposed cannot be rejected.

B.9 FLIGHT SERVICE STATIONS

The unrestricted regression for flight service stations includes a dummy variable
for Alaska as well as one to distinguish automated from non-automated stations.  As
shown in the variable list in Table B-9, data on briefs and flight plans are only available
as totals.  However, the data allow both IFR and VFR contacts to enter separately by
user group.  The results from Regression #1 show a number of negative and/or
insignificant coefficients for the activity variables.  In Regression #2, the coefficients for
IFR and VFR contacts were restricted to be the same across user groups.  This improved
the results, but the coefficient on flight plans was still negative and insignificant. 
Regression #3 yielded a similar result, even though IFR and VFR contacts were now
restricted to equal each other.  Moreover, none of these first three regressions yielded
results consistent with the basic FAA measure of total flight services (equal to
2•[briefs+flight plans] + contacts), which translates into workload units.  Consequently,
Regression #4 restricts the activity coefficients to reflect this relationship.  The model
appears to provide reasonable results, with a high R-squared, but the p-value indicates
that the restrictions can be rejected.  Because the other regression models do not provide
estimates that are consistent with FAA workload measures, Regression #4 was still
chosen as the working model of flight service stations site costs.
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Table B-8
NONRADAR, VFR AND CONTRACT TOWER REGRESSIONS

Number of Observations: 210 
Mean of Dependent Variable: 1,184.790 

Estimated Coefficients and t-Statistics

Explanatory Variable Mean #1 #2 #3 #4

Intercept 1.000 715.390 714.730 
(6.869) (6.871)

VFR Dummy 0.805 (244.320) (241.740)
(-2.765) (-2.741)

Contract Dummy 0.143 (112.010) (112.120)
(-0.872) (-0.874)

Alaska Dummy 0.029 (89.882) 0.000 
(-0.737) (0)

Level Dummy 1.290 330.070 325.930 
(5.242) (5.203)

AC+AT Ops 11.260 3.915 3.719 
(3.730) (3.667)

GA+MI Itinerant Ops 56.040 3.147 3.204 
(3.978) (4.076)

GA+MI Local Ops 52.190 0.732 0.738 
(0.959) (0.968)

Adjusted R-Squared 0.611 0.612 

F-Test for Restrictions 0.543 
prob(F) (0.462)

B.10 SUMMARY

Table B-10 summarizes the final cost of service model results by facility, service
and user type.  These estimates of marginal cost are used in the Ramsey Pricing analysis
to allocate the direct costs of ATS services to users.



B-12 Technical Supplement B: ATS Cost of Service Models

FAA FY 1995 Cost Allocation Study
March 19, 1997

Table B-9
FLIGHT SERVICE STATION REGRESSIONS

Number of Observations: 93 
Mean of Dependent Variable: 3,297.194 

Estimated Coefficients and t-Statistics

Explanatory Variable Mean #1 #2 #3 #4

Intercept 1.000 (117.610) (108.390) (40.228) 85.929 
(-0.856) (-0.835) (-0.314) (0.618)

Automated Dummy 0.634 2,309.400 2,381.300 2,383.800 2,433.600 
(10.206) (11.184) (10.983) (10.101)

Alaska Dummy 0.161 407.950 473.930 435.180 626.190 
(1.569) (2.442) (2.210) (3.035)

Total Briefs 97.710 13.887 12.275 13.293 8.363 
(6.698) (6.644) (7.315) (10.936)

Total Flight Plans 67.510 (1.141) (0.387) (0.952) 8.363 
(-0.526) (-0.184) (-0.448) (10.936)

AC IFR Contacts 1.631 20.620 26.714 11.782 4.181 
(0.470) (3.567) (4.969) (10.936)

AT IFR Contacts 3.337 31.618 26.714 11.782 4.181 
(1.997) (3.567) (4.969) (10.936)

GA IFR Contacts 7.930 25.509 26.714 11.782 4.181 
(2.072) (3.567) (4.969) (10.936)

MI IFR Contacts 0.829 43.675 26.714 11.782 4.181 
(0.302) (3.567) (4.969) (10.936)

AC VFR Contacts 0.054 (265.360) 9.149 11.782 4.181 
(-0.456) (3.461) (4.969) (10.936)

AT VFR Contacts 3.341 34.512 9.149 11.782 4.181 
(2.675) (3.461) (4.969) (10.936)

GA VFR Contacts 25.580 5.541 9.149 11.782 4.181 
(1.617) (3.461) (4.969) (10.936)

MI VFR Contacts 1.460 (11.210) 9.149 11.782 4.181 
(-0.174) (3.461) (4.969) (10.936)

Adjusted R-Squared 0.938 0.939 0.936 0.918 

F-Test for Restrictions 0.788 1.295 4.206 
prob(F) (0.582) (0.264) (0.0002)
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Table B-10
ATS MARGINAL COSTS

BY FACILITY, SERVICE AND USER TYPES

En Route Centers
 -  Domestic
 -  Oceanic

Departure
$51.75

Overflight
 $25.87
 $56.25

TRACONs
 -  High Activity
 -  Low Activity

Primary/Secondary/Overflight
$22.17
$11.73

Limited Radar
Towers

Commercial Operation
$9.86

 Non-Commercial Operation
$1.79

Radar Towers Commercial
$23.76

Itinerant 
Non-
Commercial
$6.51

Local 
Non-
Commercial
$4.43

Seconds 
(All)
$10.14

Overs
(All)
$8.39

Non-Radar
Terminals

Commercial
$3.72

Itinerant
Non-
Commercial
$3.20

Local
Non-Commercial
$0.74

Flight Service
Stations

Pilot Briefs
$8.36

Flight Plans
$8.36

Air Contacts
$4.18




