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AIRPORT COOPERATIVE RESEARCH PROGRAM

Airports are vital national resources. They serve a key role in trans
portation of people and goods and in regional, national, and inter
national commerce. They are where the nation’s aviation system 
 connects with other modes of transportation and where federal respon
sibility for managing and regulating air traffic operations intersects 
with the role of state and local governments that own and operate most 
airports. Research is necessary to solve common operating problems, 
to adapt appropriate new technologies from other industries, and to 
introduce innovations into the airport industry. The Airport Coopera
tive Research Program (ACRP) serves as one of the principal means by 
which the airport industry can develop innovative nearterm solutions 
to meet demands placed on it.

The need for ACRP was identified in TRB Special Report 272: Airport 
Research Needs: Cooperative Solutions in 2003, based on a study spon
sored by the Federal Aviation Administration (FAA). The ACRP carries 
out applied research on problems that are shared by airport operating 
agencies and are not being adequately addressed by existing federal 
research programs. It is modeled after the successful National Coopera
tive Highway Research Program and Transit Cooperative Research Pro
gram. The ACRP undertakes research and other technical activities in a 
variety of airport subject areas, including design, construction, mainte
nance, operations, safety, security, policy, planning, human resources, 
and administration. The ACRP provides a forum where airport opera
tors can cooperatively address common operational problems.

The ACRP was authorized in December 2003 as part of the Vision 
100Century of Aviation Reauthorization Act. The primary participants in 
the ACRP are (1) an independent governing board, the ACRP Oversight 
Committee (AOC), appointed by the Secretary of the U.S. Department of 
Transportation with representation from airport operating agencies, other 
stakeholders, and relevant industry organizations such as the Airports 
Council InternationalNorth America (ACINA), the American Associa
tion of Airport Executives (AAAE), the National Association of State 
Aviation Officials (NASAO), Airlines for America (A4A), and the Airport 
Consultants Council (ACC) as vital links to the airport community; (2) 
the TRB as program manager and secretariat for the governing board; 
and (3) the FAA as program sponsor. In October 2005, the FAA executed 
a contract with the National Academies formally initiating the program.

The ACRP benefits from the cooperation and participation of airport 
professionals, air carriers, shippers, state and local government officials, 
equipment and service suppliers, other airport users, and research orga
nizations. Each of these participants has different interests and respon
sibilities, and each is an integral part of this cooperative research effort. 

Research problem statements for the ACRP are solicited periodically  
but may be submitted to the TRB by anyone at any time. It is the 
responsibility of the AOC to formulate the research program by iden
tifying the highest priority projects and defining funding levels and 
expected products. 

Once selected, each ACRP project is assigned to an expert panel, 
appointed by the TRB. Panels include experienced practitioners and 
research specialists; heavy emphasis is placed on including airport pro
fessionals, the intended users of the research products. The panels pre
pare project statements (requests for proposals), select contractors, and  
provide technical guidance and counsel throughout the life of the 
 project. The process for developing research problem statements and 
selecting research agencies has been used by TRB in managing cooper
ative research programs since 1962. As in other TRB activities, ACRP 
project panels serve voluntarily without compensation. 

Primary emphasis is placed on disseminating ACRP results to the 
intended endusers of the research: airport operating agencies, service 
providers, and suppliers. The ACRP produces a series of research 
reports for use by airport operators, local agencies, the FAA, and other 
interested parties, and industry associations may arrange for work
shops, training aids, field visits, and other activities to ensure that 
results are implemented by airportindustry practitioners.
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ACRP Report 82 combines a guidebook with an accompanying interactive CDROM that 
provides airport planners with a set of tools (the “toolbox”) that can be used to convert 
annual airport activity forecasts into forecasts of daily or hourly peak period activity. The 
toolbox contains two separate modules to address the flow of airport operations as well as 
passengers. The operations module allows users to estimate current and future design day 
aircraft operation levels based on userdefined design day parameters. This module further 
enables users to estimate current and future hourly operations as well as peak period pro
files, with and without peak spreading. Similarly, the passenger module allows users to esti
mate current and future design day passenger levels, again based on userdefined design day 
parameters. In addition, this application allows users to estimate current and future hourly 
as well as peakperiod passenger profiles, also with and without peak spreading, based on 
userdefined design day parameters. The passenger module also provides an option for 
modifying hourly profiles with lead and lag factors to assess the impact of passenger flows 
on passenger processing facilities throughout an airport. The guidebook provides stepby
step instructions for application of the toolbox, with definition of input components and 
direction for preparing initial estimates, identification of sources of required information, 
and specific guidelines on how to address various planning problems and issues.

The target audience for this guidebook and the accompanying toolbox is airport plan
ners and designers, their consultants, and anyone else involved in planning airport airfield, 
terminal, and landside facilities. Specifically, the tools are designed to scope planning issues 
and facility requirements, to tailor facility requirements to specific levels of service, and 
to run multiple scenarios to address uncertainty. A final report documenting the entire 
research effort is also available as ACRP WOD 14.

 
The need for this guidebook grew out of a recognized industry desire to improve current 

aviation forecasting procedures applied to airport facility planning, increasing an ability to 
address complex interactive planning conditions. Forecasts of annual aviation activity, includ
ing the FAA’s Terminal Area Forecasts (TAFs), are widely available and commonly used as 
the basis for aviation planning and environmental analyses at commercial airports; however, 
comparable forecasts of hourly or daily aviation activity that are required to plan and analyze 
aircraft movements and passenger flows, to program terminal building and other airport facili
ties, and to support environmental studies and remediation needs are not readily available.

Important findings of the research include the following:

•	 The average day peak month metric can lead to very different results depending on the degree 
of seasonality at an airport;

By Lawrence D. Goldstein
Staff Officer
Transportation Research Board

F O R E W O R D
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•	 For most facility requirements, the appropriate peak period metric is less than 1 hour;
•	 The difference between peak and offpeak load factors is declining as airlines use increasingly 

sophisticated yield management techniques to fill empty seats;
•	 There appears to be a correlation between the percentage of nighttime operations and the 

strength of the economy; and
•	 Lead times (the intervals between the time passengers arrive at the airport and the time 

they board an aircraft) can vary significantly depending on the airport, the time of day, 
and security policies.

Addressing these findings, this guidebook and accompanying toolbox allow users to test 
alternative strategies as a function of changing conditions, with important ramifications for 
both short and longterm facility planning and design.
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1   

This chapter introduces peak period and operational profiles, describes the Guidebook’s 
organization, and summarizes the features of the associated Toolbox.

The intent of this Guidebook is help airport planners to modify annual aviation forecasts for 
use in facility planning or environmental analysis. Aviation forecasting is often quite technical, 
with subtleties that may not be as apparent to an airport planning professional as they are to 
a forecasting specialist. This Guidebook is designed to bridge that technical gap, to provide a 
clear and defined process to follow, and to provide insight on key areas often overlooked when 
preparing peak period and operational profiles. Using the Guidebook does not require extensive 
forecasting experience, but some familiarity with airports and the airport planning process is 
assumed.

This Guidebook demonstrates how to quickly and effectively convert annual airport activity 
forecasts into forecasts of daily or hourly peak period activity. Annual forecasts of airport activity, 
whether measured by passengers or aircraft takeoffs and landings (operations), are widely 
available from the FAA and other sources. The planning and environmental evaluation of most 
airport facilities, however, is based on a shorter interval of time, such as a representative busy 
day often referred to as a design day, or a briefer (peak) period. These design day and peak period 
forecasts are not usually available.

In addition, most airport facility planning in the United States is based on the peak hour of 
the average day in the peak month (ADPM). Often, a single measure of peaking is insufficient 
to address all facility planning or environmental requirements. For example, some facilities may 
need to operate at an acceptable level of service 98 percent of the time while others may only need 
to operate at an acceptable level of service 90 percent of the time. The appropriate peak period 
(defined time interval) for some facilities such as security screening, may differ from other facilities, 
such as Customs and Border Protection. Also, some airport functions, such as ticketing, may peak 
at different times than other functions, such as baggage claim.

This Guidebook and the associated analytical Toolbox are designed to address these concerns 
by providing methods of converting current or forecast measures of annual passenger and aircraft 
activity into peak period estimates and operational profiles quickly and consistently, and to provide 
the level of detail appropriate for specific airport facilities and environmental issues.

1.1 Definitions

A peak period is an interval of time, often defined as 60 minutes, that represents the typical 
busy flow of passengers or aircraft operations that must be accommodated by a given airport 
facility. A peak period is defined with the intention of striking a balance between providing 

C h a p t e r  1
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2  preparing peak period and Operational profiles—Guidebook

capacity at an acceptable service level for most of the time without incurring the cost of building 
for the single busiest time of the year.

A peak period is an interval of time that represents the typical busy flow of passengers 
or aircraft operations that must be accommodated by an airport facility.

An operational profile represents the distribution of arriving and departing passengers or 
aircraft operations by time of day during a selected day. There are three main types of operational 
profiles: design day profiles, design day flight schedules, and day/night splits. Design day profiles 
organize passengers or aircraft operations by time of day in increments of an hour or less. Design 
day flight schedules are similar to design day profiles except that they are developed in greater 
detail so that each individual flight during the day is represented. Design day profiles and schedules 
are often calculated as an intermediate step when estimating peak periods. Day/night splits are used 
for noise analysis and divide aircraft operations into daytime operations and nighttime operations 
when people are more sensitive to noise.

An operational profile represents the distribution of arriving or departing passengers 
or aircraft operations by time of day during a selected day.

Both peak period estimates and operational profiles are contingent on the selection of a design 
day. The definition of the design day depends on the purpose of the analysis. For most planning, 
the purpose of the design day is similar to the purpose of the peak period; it is intended to represent 
a busy day that characterizes the ability of the facility to provide adequate capacity most of the year 
while avoiding the cost of building for the single busiest day of the year. For much environmental 
analysis, the design day is defined as an average annual day, to represent environmental impacts 
that are typical for the year. Exhibit 1.1 shows the relationships between annual activity, design 
day activity, the three types of operational profiles, and peak period activity.

Exhibit 1.1.  Relationship between annual activity, 
design day, operational profiles, and peak period.

Annual
Activity  

Design Day  
Activity   

Design Day  
Profile   

Design Day  
Schedule   

Day/Night Split    

Peak Period
Estimate   
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1.2 Background and Purpose of the Guidelines

Estimates of peak period activity and operational profiles determine the size and design of 
most airport facilities. These plans and designs in turn lead to the financing and construction of 
projects ranging up to $1 billion or more in cost. The environmental impacts of these projects can 
potentially affect large numbers of people; operational profiles are used to assess these impacts and 
to identify potential mitigation measures. There is, therefore, a compelling need to accurately 
project peak period activity and operational profiles.

Forecasts of annual activity are widely available for most airports, in particular from the FAA’s 
Terminal Area Forecasts (TAFs), which are updated annually for all commercial airports. There 
is no similar source for operational profiles or peak period estimates. The main objective of the 
Guidebook and Toolbox is to standardize and advance the conversion of annual activity forecasts 
to forecasts of peak period activity and operational profiles to help fill this gap.

The Guidebook and Toolbox are intended to serve airport planning staff, consultants, and other 
interested participants. Planning and environmental questions come in many forms. Some 
questions require an immediate, yet informed response; others allow for more detailed research 
and analysis. These tools are therefore designed to offer a range of analytical options, the selection 
of which would depend on the time, information, and resources available to the practitioner.

The approaches in this Guidebook are intended to be guidelines, not requirements. In the 
field of forecasting there is no single right answer. There is always opportunity for improvement. 
In addition, the variety of planning issues and data needs is too great to be fully encompassed 
by any guidebook.

1.3 Structure and Organization

Guidebook and Toolbox users are anticipated to have a wide variety of backgrounds and needs. 
Therefore, to the extent possible, this document has a modular organization. The document is 
organized to allow quick navigation to the area of interest. Those interested in additional infor-
mation regarding the recommendations and methodologies in the Guidebook and Toolbox are 
encouraged to read the accompanying report, ACRP WOD 14: Guidelines for Preparing Peak 
Period and Operational Profiles: Final Report (Project 03-12).

The chapters in this Guidebook are organized as follows:

Chapter 2: Background and Key Definitions describes the relationship between annual forecasts 
and peak period estimates and the types of operational profiles in more detail. The chapter 
also provides some key definitions.

Chapter 3: How to Use Guidebook and Toolbox provides guidance on identifying the appro-
priate forecasting tools for analyzing planning and environmental problems, depending on 
the specific issue and the level of detail required or possible. It also describes available default 
factors, the capability of generating multiple scenarios, and the identification of key variables. 
The limits of the Guidebook and Toolbox are also addressed.

Chapter 4: Preparation of Design Day Forecasts shows how to use the Toolbox to define and 
estimate the design day from current or forecast annual data. The chapter includes sample 
problems and provides some comments and cautions on the use of the data.

Chapter 5: Preparation of Design Day Profiles discusses how to use the Toolbox to calculate 
existing design day profiles of aircraft operations and passengers, and provides guidance for 
estimating future profiles. The chapter includes sample problems and provides some comments 
and cautions on the use of the data.

Chapter 6: Preparation of Design Day Flight Schedules provides guidance on the preparation 
of forecast flight schedules for use in simulation modeling and detailed terminal and landside 
analysis, as well as air quality analysis and detailed noise modeling.

þÿ�P�r�e�p�a�r�i�n�g� �P�e�a�k� �P�e�r�i�o�d� �a�n�d� �O�p�e�r�a�t�i�o�n�a�l� �P�r�o�f�i�l�e�s ��G�u�i�d�e�b�o�o�k

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/22646


4  preparing peak period and Operational profiles—Guidebook

Chapter 7: Preparation of Day/Night and Stage Length Profiles for Noise Analysis provides 
techniques for calculating existing day/night and stage length profiles and estimating future 
day/night and stage length profiles for noise analysis by Integrated Noise Modeling (INM) or 
the forthcoming Aviation Environmental Design Tool (AEDT). Also included is a discussion 
of the factors that may cause the balance between day and night operations to change, along 
with some advice on avoiding common pitfalls.

Chapter 8: Preparation of Peak Period Forecasts discusses how to use the Toolbox to estimate 
peak period activity levels from design day profiles based on user-specified criteria. The chapter 
includes sample problems and provides some comments and cautions on how to calculate 
and use the results.

Chapter 9: Application of Constraints shows how physical or policy constraints may affect the 
magnitude of the peaks and the distribution of daily activity and provides guidance on how 
to model these aspects.

The Appendices include a user manual for the Toolbox (Appendix A), a list of useful data sources 
(Appendix B), default factors (Appendix C), suggested peak period definitions by facility type 
(Appendix D) and a Glossary of Terms (Appendix E). Additional background information is 
provided in the appendices of ACRP WOD 14.

Flow charts are provided in several of the chapters. The symbols used in this Guidebook are 
as follows:

 

 

Data Input   

User
Determined
Assumption  

Final Output  

Intermediate
Output  

A rounded yellow rectangle represents input from a data 
source or model. 

An orange rectangle represents an intermediate process or 
model output. 

A rounded blue rectangle represents an assumption provided
by the Guidebook or Toolbox user. 

A green rectangle represents a final process or model output.

1.4 Overview of Toolbox

The Toolbox that accompanies this Guidebook provides software to facilitate the calculation 
of many of the peak period and operational profiles discussed above. It is based on Microsoft 
Excel and consists of two modules, an operations module for estimating peak period activity 
and operational profiles for aircraft operations, and a passenger module for estimating peak 
period activity and operational profiles for passengers. Each module in the Toolbox contains an 
introduction with basic user documentation, a User Selected Parameters worksheet where the 
user defines the type of analysis, a Base Year Data worksheet where the user enters required 
base year data for the analysis, and several output worksheets.

Appendix A provides a user manual for the Toolbox and several examples of how to use the 
Toolbox are provided in Chapters 4, 5, and 8. Note that the Toolbox is not designed to estimate 
more complex operational profiles such as day/night and stage length profiles or design day 
flight schedules.
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This chapter describes the relationship between annual forecasts, peak period estimates, 
and operational profiles. The chapter also provides some key definitions.

When evaluating current conditions, direct measures of passenger boarding activity are 
generally not available in increments of less than one month. In addition, airport forecasts are 
often only prepared on an annual basis. Therefore, peak period estimates and operational profiles 
are usually necessarily derived from annual activity. This chapter provides a brief overview of 
the annual forecasting process and the relationship between annual activity, the design day, the 
three types of operational profiles, and peak period estimates. Additional detail on operational 
profiles and peak period estimates is also provided.

C h a p t e r  2

Background and Key Definitions

Key components of airport activity forecasts include passenger enplanements, 
passenger originations, air cargo tonnage, and aircraft operations.

Each time a person boards an aircraft, he or she is counted as a passenger enplane-
ment. Each time they disembark, they are counted as a deplanement. Passengers 
who begin the air portion of their trip at an airport are counted as an originating 
passenger at that airport. If they end the air portion of their trip at an airport, they 
are counted as a terminating passenger. Combined originating and terminating 
passengers are often referred to as O&D passengers. A passenger who transfers 
from one aircraft to another is counted as a connecting passenger.

Air cargo includes air freight and air mail. As a practical matter, the distinction 
between the two is becoming increasingly blurred and many carriers are ceasing 
to distinguish between the two.

Each aircraft takeoff is counted as an aircraft operation and each aircraft landing 
is counted as an aircraft operation.

2.1 Annual Forecasts

There are four broad areas of airport activity: passenger, cargo, general aviation/for-hire air 
taxi, and military. The for-hire air taxi category is discussed in more detail in Section 2.1.3. The 
forecast drivers and the available data differ from category to category, and therefore the typical 
forecast approaches also differ.
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2.1.1 Passenger Forecasts

Most passengers fly on scheduled carrier flights, flights that operate at times and on routes 
that are determined and published well in advance. There are three main ways of projecting 
scheduled passenger carrier activity; in order of increasing complexity, they are trend analysis, 
share analysis, and regression analysis.

Trend analysis consists of calculating the growth rate over a historical period of time and 
projecting that growth rate to continue into the future. This implicitly assumes that the factors 
that drove passenger growth in the past, such as income growth or changes in fares, will be the 
same in the future. Also, the resulting forecasts can be very sensitive to the period of time selected 
to calculate the historical growth rates.

Share analysis involves calculating passengers as a constant, increasing, or decreasing share 
of passengers in a regional or national forecast. This is an effective way of capturing anticipated 
changes in industry trends, assuming they have been captured in the national forecast, but it is 
not ideal for incorporating any local factors that diverge from national trends.

Regression analysis is a statistical method of generating an equation (or model) which best 
explains the historical relationship among selected variables, such as passenger enplanements 
and income. This approach allows the user to assess the impact of changes in forecast drivers, 
such as the local economy or airfares, upon future passenger enplanements. For this approach 
to work effectively, accurate projections of the forecast drivers are necessary.

These methods work best for local (origin and destination) passengers and airports where most 
of the passengers are local. Connecting passengers are driven more by the hub carrier’s routing 
decisions than by the local economy. When information from the airline(s) is unavailable, the 
typical approach is to estimate connections as a constant, or an increasing or declining percentage 
of local passengers.

Passenger aircraft operations are usually estimated as a function of the passenger forecast 
instead of being projected independently. Typically, forecasts of passengers per operation are 
estimated based on assumptions for average seats per aircraft and load factor. In this instance, 
load factor represents the percentage of aircraft seats that are filled by passengers. These projec-
tions are then divided into the passenger projections to generate a forecast of passenger aircraft 
operations.

2.1.2 Air Cargo Forecasts

Air cargo includes both air freight and air mail. The approaches used to prepare annual cargo 
forecasts—trend, share, and regression analysis—are similar to those used to prepare passenger 
forecasts but are more difficult to apply for several reasons. First, although air cargo is time-
sensitive, it is not as time-sensitive as passenger travel. Consequently, air cargo is more subject to 
competition from substitutes, either other modes of delivery, such as trucking, or other airports. 
Secondly, some types of data, like pricing, are much scarcer for air cargo than for passengers. 
Finally, the air cargo sector has evolved significantly over the past 30 years with the advent of 
door-to-door service by integrated carriers such as FedEx and UPS. This means that much of 
historical air cargo growth has been driven by service improvements, in addition to traditional 
drivers like economic growth and price.

Compared to passenger forecasts, the number of variables that need to be considered to forecast 
air cargo is greater, and the information available about those variables is less. Many forecasters 
therefore use share analysis, which relies on industry air cargo forecasts by the FAA or aircraft 
manufacturers that have the resources to analyze the myriad of issues.
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Forecasts of air cargo aircraft operations are also more complex than the forecasts of passenger 
aircraft operations. First, cargo tonnage must be segmented between belly and all-cargo activity. 
Belly cargo, named because it is carried in the bellies of passenger aircraft, does not generate 
additional operations. All-cargo aircraft operations are usually estimated by projecting factors 
for average aircraft tonnage capacity and load factor. These factors are then used to estimate 
future tons per aircraft operation. Finally the forecast of total non-belly cargo is divided by the 
forecast of tons per operation to generate a forecast of all-cargo aircraft operations.

2.1.3 General Aviation and For-Hire Air Taxi Forecasts

General aviation operations include all operations other than commercial or military operations. 
For forecasting purposes, for-hire air taxi operations are often included with general aviation 
since the two categories share similar aircraft and data availability characteristics. The FAA defines 
an air taxi as “an aircraft designed to have a maximum seating capacity of 60 seats or less or a 
maximum payload capacity of 18,000 pounds or less carrying passengers or cargo for hire or 
compensation.”i Many of these air taxi operations are commercially scheduled passenger and cargo 
operations. The remaining air taxi operations include small aircraft hired for a specific purpose, 
as distinguished from regularly scheduled flights. Data for these for-hire operations are much 
scarcer than for scheduled commercial operations, so they are typically included with general 
aviation or forecast separately. At many smaller airports, the general aviation/for-hire air taxi 
category is the only relevant category.

The methods used to forecast general aviation and for-hire air taxi operations are similar 
to those used for commercial operations: trend, share, and regression analysis. Most general 
aviation activity is discretionary so the link with economic growth is weaker than is the case 
with commercial aviation and therefore, regression analysis is less effective. Because of this, many 
forecasters choose share analysis which relies on industry forecasts by the FAA or general aviation 
aircraft manufacturers who have the resources to analyze the business, social, and technological 
trends driving general aviation.

2.1.4 Military Operations Forecasts

Military aviation activity is determined by external events and policy factors, which are very 
difficult to forecast in the long term. Standard practice is to assume future military operations 
will remain at base year levels, unless information on a change in mission is available.

2.1.5  Application of Annual Forecasts to Operational Profiles  
and Peak Period Forecasts

Planners are often asked to prepare an annual forecast prior to or along with the peak period 
estimate or operational profile, or are directed to use a specific annual forecast as a starting point. 
In some instances, the choice of which annual forecast to use is left to the planner. If more than 
one forecast is available, the key selection factors are anticipated accuracy and level of detail. 
Some relevant factors are the level of effort devoted to the forecast, the amount of scrutiny and 
review to which it was exposed, how recently it was prepared, and how well it tracks current 
activity and recent trends.

The amount of detail available in the annual forecast is also important. Specifically, a fleet 
mix forecast is required to prepare day/night splits or design day flight schedules. Some of 
the types of annual forecasts typically available include master plans, system plans, and the 
FAA’s TAF.
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Master Plans

Airport master plans provide a roadmap for long-term airport development, typically over a 
period of 20 years. A master plan forecast generally provides more detail than the other sources 
and, if current, is usually the best choice for an annual forecast. Most master plan forecasts 
include a fleet mix forecast, which, when combined with base year day/night distributions and 
schedules, form a solid foundation from which to prepare future day/night splits and design day 
schedules.

System Plans

System plans involve the planning and prioritization of a regional system of airports, typically 
on a statewide basis. System plan forecasts are typically carried out to much less detail than 
master plans, and aside from critical aircraft information, do not provide much data on fleet mix. 
In addition, they tend to apply uniform forecast methodologies that may be optimal for the system 
but not necessarily for the specific airport in question.

FAA’s Terminal Area Forecast

The FAA’s TAF is revised yearly and is used to help determine FAA staffing levels, prioritize 
FAA capital spending, and to validate independent airport sponsored forecasts. Since the TAF is 
revised yearly for each airport, it is usually the most current alternative. It provides no fleet mix 
information, but does provide forecasts of both passengers and operations for air carriers and 
commuter/air taxis. This information, along with an estimate or assumption for load factor, can 
be used to estimate average seats per operation, which in turn can serve as a control on a future 
fleet mix estimate.

Detailed direction on the preparation of annual forecasts is beyond the scope of this Guidebook, 
but useful guidance on forecast approaches can be found in the following documents:

•	 FAA, Airport Master Plans, Advisory Circular No: 150/5070-6B.
•	 De Neufville, R. and A. Odoni, Airport Systems: Planning, Design and Management
•	 GRA, Inc. for FAA, Forecasting Aviation Activity by Airport
•	 Transportation Research Circular E-C040, Aviation Demand Forecasting: A Survey of Method-

ologies, TRB, National Research Council, Washington, DC, 2002
•	 William Spitz and Richard Golaszewski, ACRP Synthesis 2: Airport Aviation Activity Forecasting, 

TRB, National Research Council, Washington, DC, 2007
•	 ICAO, Airport Planning Manual, Doc 9184-AN/902 Part 1, International Civil Aviation 

Organization

Note that design day, operational profiles, and peak period estimates can be calculated for 
existing conditions as well as future conditions. In many instances, existing measures of design 
day or peak period activity are needed to estimate current facility requirements, calibrate planning 
factors, or identify current environmental impacts. Measures of base year or forecast annual 
passengers and operations provide the foundation for estimating design day activity, which in 
turn provides the basis for estimating operational profiles and peak period activity levels. These 
elements are described in more detail.

2.2 Design Day

The design day activity level is the level that airport planners use in sizing facilities and typically 
represents the level of activity that can be accommodated with an acceptable level of service. The 
intent is to strike a balance between under-designing, in which case the facility in question would 
perform at substandard levels of service too often in the view of airport stakeholders, and over-
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designing, in which case the cost of the facility (again in the opinion of the airport stakeholders) 
would be too high to justify the percentage of time during which the facility performs at or above 
an acceptable level of service. Design day passengers are the total number of passengers during 
the design day, and design day operations are the total number of aircraft operations during the 
design day.

The design day is derived from annual activity following the process in Exhibit 2.1.

The following definitions apply to the exhibit:

Monthly and weekly distributions represent the distribution of annual passengers and operations 
by month and the share of weekly passengers and operations by day-of-the-week.

The user-defined threshold represents the percentage of days in the year in which passengers 
or operations will exceed those of the design day. For example, if the user chooses a 10 percent 
threshold, design day activity levels will be exceeded 10 percent of the time, or on 36 days during 
the year.

Peak spreading factors are user-determined assumptions regarding the percentage that the peak 
month or design day activity (as a percentage of annual activity) will decline over the forecast period. 
For example, a peak spreading factor of -5.0 percent means that a peak month percentage that is 
currently 10 percent of annual activity would fall to 9.5 percent [10% × (100%-5%)].

The most common current practice in the United States is to define the design day as an ADPM 
or peak month average day (PMAD). This is calculated by identifying the month with the highest 
number of operations and passengers, and then dividing the operations or passengers in that month 
by the number of days in the month. There are several other design day definitions in use, however, 
especially outside of the United States. Examples include the following:

•	 The average week day in the peak month (AWDPM)
•	 The 15th busiest day of the year
•	 The 30th busiest day of the year
•	 The 90th percentile—corresponds to the 36th busiest day of the year

Although the ADPM definition is less precise than most of the alternatives, it has found 
favor because it requires less data and effort to calculate, especially for passenger activity. The 
disadvantage of the ADPM method is that it can generate very different design day thresholds 
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Exhibit 2.1.  Relationship between annual activity 
forecasts and design day forecasts.

þÿ�P�r�e�p�a�r�i�n�g� �P�e�a�k� �P�e�r�i�o�d� �a�n�d� �O�p�e�r�a�t�i�o�n�a�l� �P�r�o�f�i�l�e�s ��G�u�i�d�e�b�o�o�k

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/22646


10  preparing peak period and Operational profiles—Guidebook

from airport to airport. For example, at an airport with high seasonality (i.e., the peak month 
accounts for a relatively high percentage of annual activity), the ADPM design day will represent a 
high design day threshold corresponding to the 20th or 15th busiest day of the year. Conversely, 
at an airport with low seasonality, especially one with some day of the week variation in activity, 
the ADPM design day will represent a low design day threshold corresponding to the 100th or 150th 
busiest day of the year. Thus, use of the ADPM design day definition can result in facilities with 
very different service levels depending on the airport. The appropriate balance between over-design 
and under-design may differ depending on the type of facility. This Guidebook provides the tools 
to customize the design day definition for the specific facility in question (see Chapter 4).

Although the FAA accepts the ADPM and AWDPM design day definitions for planning, other 
definitions are not precluded. For most environmental analysis, including noise analysis and air 
quality emissions inventories, the design day is defined as an average annual day (AAD), which 
is annual activity divided by the number of days in the year.ii In a minority of cases, such as State 
Implementation Plans (SIPS) prepared to show compliance with the Clean Air Act, the AWDPM 
is an accepted standard for airport air quality dispersion analysis.iii The user should consult 
FAA and Environmental Protection Agency (EPA) guidance concerning acceptable design day 
definitions, especially when preparing National Environmental Policy Act (NEPA) documents.

2.3 Design Day Profiles

Design day profiles show arriving and departing passengers or aircraft operations by time of 
day, in increments of an hour or less. They are often calculated and presented graphically using 
rolling averages. Exhibit 2.2 shows examples of design day profiles for arriving and departing 
passengers at a connecting hub airport example.

Design day profiles provide a measure of detail, useful for planning facilities, that is not available 
from peak period estimates. Many facility requirements (departure curb, ticketing, and security) 
are dependent on lead time, or the interval between the time an enplaning passenger arrives at 
a given facility and the time his or her flight departs the gate, while other facility requirements 
(baggage claim and customs) are dependent on lag time, or the interval between the time an aircraft 
arrives at a gate and the average time a deplaning passenger arrives at a given airport facility. 
Other facilities (restrooms, concessions) are dependent on a combination of the arriving and 
departing passenger flows. The peaks that emerge from these “upstream” and “downstream” 
passenger flows will not necessarily match the enplaning and deplaning peaks. It is much easier 
to estimate these derivative or second-order peaks from passenger profiles showing activity by 
time of day than from peak period estimates. In addition, the ability of some facilities to handle 
peak loads will depend on whether a queue already exists prior to the peak, which in turn depends 
on the level of activity prior to the peak. Design day profiles provide planners with the information 
needed to evaluate these issues.

Exhibit 2.3 describes conceptually how design day profiles are derived from design day 
forecasts.

The existing daily distribution is usually taken from FAA tower data or radar data for operations 
and from airline schedules for passenger distributions. Typically, load factor estimates are applied to 
seat arrivals and departures taken from the airline schedules to arrive at an estimate of passenger 
arrivals and departures by time of day.

There are several ways of estimating future design day profiles. The simplest way is to assume 
that the base year distribution of daily activity will carry forward unchanged into the future.  
A second alternative is to assume a peak spreading component based on relationships between 
airport size and peak period percentage. This dampens the peaks and fills in the gaps in the daily 
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Exhibit 2.2.  Design day passenger profiles—connecting hub airport example.

Source: HNTB extraction of hourly passenger flow data from gated flight schedule prepared for typical connecting hub  
airport.  
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schedule. A third alternative is to generate daily profiles by category of activity (i.e., domestic 
and international passengers), project each profile to grow at the annual rate of the correspond-
ing activity category, and then aggregate the results to generate an estimated future daily profile. 
The fourth alternative is to aggregate a daily profile from a design day schedule (see Section 2.4 
for more details).

2.4 Design Day Schedules

The highest level of detail is provided in design day schedules. These schedules go by names 
such as event files, gated flight schedules, or hypothetical design day activity. They are intended 
to represent a snapshot of future activity at an airport or airport system on a flight-by-flight 
basis. The format of these schedules depends on their intended use.

Design day flight schedules serve as input files for SIMMOD, TAAM, and other airfield simu-
lation models. They include separate records for each flight, which detail airline, aircraft type, 
flight time, and origin or destination (O&D). When used for terminal analysis these schedules 
also include passenger loads, broken down by O&D and connecting passengers. The FAA uses 
modified versions of these schedules for national airspace planning.

Design day schedules are also used for some types of environmental analysis. Air quality dis-
persion analysis requires most of the information needed for airfield planning to model aircraft 
emissions, and typically needs measures of local (non-connecting) passenger activity to help 
model ground vehicle movements. One type of noise modeling, the Noise Integrated Routing 
System (NIRS) model, requires most of the airfield components of a design day schedule but 
does not require the passenger information. More detailed information on the appropriate tools 
and forecasts for planning and environmental analysis is provided in Chapter 3.

The benefits of the design day schedule approach are (a) it provides the level of detail required 
to examine complex airspace and airfield operational issues, and (b), numerous terminal concepts 
involving alternative airline allocation scenarios can be quickly analyzed, since the forecasts are 
disaggregated down to the individual flight level. A disadvantage of the approach, in addition to 
the cost, is that it does not lend itself well to forecast-related sensitivity analysis due to the effort 
involved in preparing design day schedules for alternative forecast scenarios.

Exhibit 2.4 shows conceptually how design day schedules are derived from design day forecasts.

The design day forecast provides control totals for passengers and aircraft operations. Typically, 
a design day schedule is prepared by modifying an existing schedule to include assumptions on 
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Exhibit 2.3.  Relationship between design day  
forecasts and design day profiles.
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new markets, additional frequencies, and fleet mix changes. In some instances daily profiles are 
derived from design day schedules. In other instances, previously derived daily profiles are used 
to guide the addition of flights for future design day schedules. See Chapter 6 for additional detail.

2.5 INM Input Profiles

The FAA requires noise analyses to be performed for an AAD with separate weightings for 
daytime (7 AM to 10 PM) and nighttime (10 PM to 7 AM) flights. The California State Department 
of Health Services (DOHS) requires three separate weightings for noise studies in that State, with 
evening (7 PM to 10 PM) also included.

Exhibit 2.5 shows the relationship between the design day (defined as AAD for noise analysis), 
and the inputs used to generate day/night splits and stage length estimates.

In addition to the distribution of daytime and nighttime aircraft arrivals and departures, the 
day/night forecast must provide AAD aircraft operations by individual aircraft type and aircraft 
departures by stage length. Aircraft type is a major determinant of the noise impact. Stage length 
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Exhibit 2.4.  Relationship between design day  
forecasts and design day schedules.

Average Annual Day
Forecasts   

Forecast INM
Input Profile   

Design Day
Schedule  

Fleet Mix/Stage
Length Forecast   

Changes in
Day/Night

Distributions   

Existing
Day/Night

Distributions by
Category  

  

  

  

  

Data Input 

User Determined Assumptions 

Intermediate Output 

Final Output 

Exhibit 2.5.  Relationship between average annual day 
forecasts and INM input forecasts.
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represents the distance to the destination market and determines how much fuel an aircraft must 
carry. The amount of fuel then determines aircraft weight, which determines the amount of 
power (and noise) that the aircraft must generate to take off as well as its rate of climb.

Often, the current practice is to maintain the current day/night split in each major category 
(e.g., passenger, cargo, and general aviation). If the relative contribution of each category to 
overall airport activity shifts over time, the overall day/night split will change. If not, it will remain 
constant.

The assumption of a constant day/night split within each category should be evaluated. Airline 
schedule changes, especially those that affect the organization of connecting banks, have a major 
impact on the day/night distribution. A connecting bank occurs when an airline schedules a large 
number of flights that arrive within a short period of time, discharge passengers that then enplane 
onto other aircraft, after which the same aircraft depart, again within a short period of time. 
In addition, nighttime flights tend to be less lucrative for the airlines, since passengers are less 
inclined to fly at those times. Consequently, the percentage of nighttime flights tends to increase 
when the economy is strong and decrease when the economy is weak. See Chapter 7 and Appendix I 
of the ACRP WOD 14 for more detail.

The resources devoted to identifying future changes in day/night split should be based on an 
assessment of the potential changes to the noise impacts. For example, if there are a large num-
ber of older heavy cargo aircraft on the cusp of day and night, further investigation, including 
discussions with the air carrier may be warranted. If, alternatively, the potential shift is likely to 
involve piston-powered general aviation (GA) aircraft, the effect on the noise impacts would be 
much smaller, and less analysis would be warranted.

In some cases, the output of simulation models is used for noise analysis. In those instances, 
forecast day/night splits reflect the additional fidelity associated with the future schedule design 
effort.

2.6 Peak Period

It is important to distinguish between the peak period definition and the peak period threshold. 
The peak period definition is the amount of time the peak period lasts, whether 15 minutes, 
20 minutes, 30 minutes, one hour, or more. The peak period threshold represents the percentage 
of time during the year when the peak period activity is exceeded, whether five percent, 10 percent, 
or some other percentage. There is no single correct number for either the peak period definition or 
threshold. These may differ depending on the facility under analysis and the planner’s needs 
and judgment. The design day peak period is not, and should not be, the absolute highest peak 
period. In general, passenger activity during the absolute peak hour is about 20 percent higher 
than the design peak hour.iv

In many instances the design day calculation described in Section 2.2 is just an intermediate 
step towards the calculation of the peak period, often defined as the peak hour. In most master 
plan forecasts, there is an assumption that the peak period occurs during the design day. As is the 
case with the appropriate design day definition, the definition of the peak period may depend on 
the type of facility being planned.v Facilities that are prone to breakdown or gridlock at high 
activity levels, as opposed to degradation of service, may necessitate a stricter peak period definition.

Usually the peak period is derived from the rolling peak in the design day profile. If the forecast 
includes the construction of future design day schedules, peak period activity can be derived from 
those schedules. In those instances, peak spreading emerges as a result of filling in off-peak flights 
in the schedule construction process.
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Exhibit 2.6 shows the relationship between the peak period and the design day (Section 2.2), 
and the design day profile (Section 2.3) or design day schedule (Section 2.4).

The peak period percentage of the busy day tends to be lower at large airports than at small 
airports and should be expected to decline as an airport becomes busier, a peak spreading 
phenomenon similar to the monthly peak spreading described in Section 2.2.

The context in which the peak period occurs is important. If the time immediately preceding 
is also very busy, inherited queues and other activity may further exacerbate stresses occurring in the 
peak period. Likewise, if the succeeding period is busy, the ability of the facility to recover from the 
stresses of the peak will be impeded. Design day profiles (see Section 2.2) are useful for identifying 
these issues.

Design Day
Forecast   

Design Day
Profile  

Design Day
Schedule  

User Defined
Threshold   

User Definition
of Peak Period   

Peak Period   

  

  

  

  

Data Input 

User Determined Assumptions 

Intermediate Output 

Final Output 

Exhibit 2.6.  Relationship between design day profiles 
and schedules and peak period forecasts.
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This chapter provides guidance on identifying the appropriate forecasting tools for 
analyzing planning and environmental problems, depending on the specific issue and 
the level of detail required or possible. It also describes available default factors, the 
capability of generating multiple scenarios, and the identification of key variables. 
The limits of the Guidebook and Toolbox are also addressed.

The intent of this chapter is to help identify the appropriate type of forecast to use to consider 
peak period or operational profiles in addressing a planning or environmental issue. The chapter 
first reviews the identification of an issue, the types of tools that can be used to address these issues, 
and the types of forecasts required for these issues. Next, ways that the Guidebook and Toolbox 
can be used to enhance these forecasts are described, including default factors and multiple 
scenarios. The chapter closes with a discussion of the limits of the Guidebook and Toolbox.

3.1  Identification of Planning Issues  
and Appropriate Tools

The first step for determining the appropriate planning tool and corresponding forecast 
requirements is to identify the problem to be addressed. This section describes typical planning 
issues that are encountered, the appropriate tools for addressing those issues, and the types of 
forecasts required for those tools. Airfield planning, terminal planning, landside planning, and 
environmental planning are described separately.

Unlike airfield, terminal, landside, and environmental planning, airport financial planning 
has not required peak period estimates or design day profiles. To date, airport financial forecasts 
have been based on annual forecasts of passengers, cargo, and aircraft operations. On July 10, 2008, 
the U.S. Department of Transportation issued a rule allowing airports to increase landing fees 
during peak hours, and thus far the rule has been upheld in court. Should airports adopt peak 
hour pricing, landing fee revenues will be dependent on the time of day during which operations 
occur as well as the total number of operations. In the future, this may require design day profiles 
for financial forecasting in addition to the planning categories named in the previous paragraph.

The various analytical tools for airfield planning, terminal planning, landside planning and 
environmental planning are described as high detail, medium detail, and low detail:

•	 High detail methods require training for the specific models involved, are data-intensive, and 
require a substantial investment of time. For these reasons, they are best left to specialists.

•	 Medium detail methods require familiarity with airport planning or environmental analysis, 
and typically require several days of effort.

•	 Low detail methods can typically be done in a few hours if the necessary data and forecast 
information has been assembled.

C h a p t e r  3

How to Use Guidebook  
and Toolbox
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3.1.1 Airside Planning

For the purpose of this Guidebook, the airside is defined as the runway, taxiway, and airfield 
apron areas, plus the facilities that directly support the airfield area, such as Airport Rescue and 
Firefighting (ARFF). Exhibit 3.1 summarizes types of airfield facilities, the types of tools used to 
analyze and plan these facilities depending on the level of detail needed, and the types of forecasts 
required to use these tools.

The exhibit is organized according to three main categories: airfield, aircraft parking, and safety.

3.1.1.1 Airfield

Airfield planning involves an assessment of the ability of the existing or proposed airfield to 
accommodate aircraft movements under a variety of circumstances and often involves quantifying 
the efficiency of the airfield, using metrics such as delay. At most large airports, simulation models 
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Exhibit 3.1.  Airside planning issues, tools, and forecast requirements.
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such as SIMMOD and TAAM are used to evaluate airfield needs and proposed solutions. Following 
are some general considerations for determining the appropriate level of detail for airfield planning:

•	 New runways or runway extensions usually require FAA funding and a high level of environ-
mental review, which then typically warrants the use of simulation modeling. A design day 
flight schedule is frequently used as input.

•	 If the analysis is at a stage where only initial screening of airfield development concepts is 
required, as in master plans, design day profiles of aircraft operations should be sufficient 
for preliminary analyses. The FAA is planning an update to its airport capacity and planning 
manual.vi The new manual will include an accompanying spreadsheet that is intended to allow 
the user to accomplish three things. First, it will provide a means of quickly generating estimates 
of hourly runway throughput based on runway configuration, fleet mix, and other factors. 
Second, it will provide the user a means of testing the impact of changes in key assumptions, 
such as fleet mix, on the hourly capacity. Finally, it will provide a means of converting hourly 
throughput to annual capacity, by incorporating some form of hourly profile or peaking factor, 
daily hours of operation, and other factors such as fleet and airport size. The model is still 
being developed, so its exact form and input requirements have not been finalized. The model, 
as envisioned, will be a useful screening tool, and should function with operational profiles 
and not require the more complex design day schedules used by SIMMOD or TAAM.

•	 For conceptual long-term planning, which will not lead to design or construction without 
additional planning at a time closer to the implementation date, peak period estimates are 
often sufficient.

•	 At the majority of general aviation airports, activity tends to be low (i.e., less than 100,000 opera-
tions per year). In these instances, airfield capacity is not an issue. The need for new runways, 
if any, is driven by issues such as wind coverage or redundancy rather than capacity, and daily 
profiles or design day schedules are not necessary.

3.1.1.2 Aircraft Parking

Aircraft parking requirements are closely related to gate requirements. Aircraft parking needs, 
whether at-gate or remote, can be evaluated at a high level of detail using a design day schedule 
coupled with gating models, or at a low level of detail using ratio methods that directly relate the 
number of parking positions to annual enplanements or passenger aircraft operations.

A high level of detail is appropriate under the following circumstances:

•	 Significant increases in new types of activity that would affect apron utilization, such as inter-
national travel, are anticipated.

•	 Changes in lease agreements are anticipated, such as a change from exclusive use agreements 
under which a carrier has sole rights to a gate/parking position, to common use agreements, 
where carriers share gates and parking positions.

•	 Adding new parking positions would carry a high cost, so that prudence would dictate  
additional analysis to avoid overbuilding.

The methodologies used to estimate gate requirements in ACRP Report 25: Airport Passenger  
Terminal Planning and Design may be applied to estimating passenger aircraft parking requirements 
at a lower level of detail. In addition, airlines possess knowledge about their future scheduling 
plans and flexibility to modify schedules to increase aircraft parking utilization. This information 
is generally unavailable to airport planners, so input from airlines can also be useful in determining 
future gate requirements.

3.1.1.3 Airfield Safety

Planning for safety involves knowledge of airfield risk factors and FAA standards. It does not 
typically involve simulation modeling but risk may be assessed using information generated 
from these models. Detailed forecasts, other than fleet mix, are not necessary unless models are used.
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3.1.2 Terminal Planning

For the purpose of this Guidebook, the terminal area is defined as the terminal building  
including all concourses and gates. Exhibit 3.2 summarizes the types of terminal facilities, the 
tools typically used to analyze and plan for these facilities depending on the level of detail desired, 
and the types of forecasts needed to employ these tools.
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Exhibit 3.2.  Terminal building planning issues, tools, and forecast requirements.
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There are four main categories, including gate analysis, departing passenger facilities, arriving 
passenger facilities, and other terminal facilities, in the exhibit. Many of the tools presented in 
the exhibit can be directly accessed in ACRP Report 25.

3.1.2.1 Gates

The planning techniques used to identify gate requirements are very similar to those used 
to determine passenger aircraft apron requirements (see Section 3.1.1.2). Specifically, if new 
activity that would affect the intensity of gate use, if changes in lease terms that would affect 
how carriers share gates, or if expansion would carry a high cost, a high detail analysis involving 
a design day schedule should be considered.

3.1.2.2 Departing Passenger Facilities

Ticketing facilities, security screening, baggage make-up areas, and holdrooms all serve depart-
ing passengers (enplanements). Except for holdrooms, the demand for these facilities is deter-
mined by originating enplanements. Holdrooms accommodate both originating and connecting 
enplanements.

Departing passengers require time to check in, pass through security, and navigate the airport. 
Therefore, peak flows at passenger departure facilities occur in advance of the enplaning peak, 
which is defined as occurring when the aircraft leaves the gate. The extent of this lead time will 
depend on the size and configuration of the airport, the queues at the various passenger departure 
facilities, airline policies such as cut-off times, and the extent to which passengers build in buffer 
time to allow for unforeseen delays. The lead time will not be constant; it will vary by time of 
day and by type of passenger. The lead time is therefore often described as a probability function 
where y percentage of passengers show up at the gate x minutes before scheduled departure time 
(please see generic example in Exhibit 3.3). Additional discussion on the importance of lead and 
lag times can be found in ACRP WOD 14 (Appendix P). As a result of the combination of the 
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lead time and probability distribution, the timing and intensity of the peak period flow at a given 
departure facility may not exactly match the enplaning peak.

In addition, the following factors should be considered when determining the level of forecast 
detail for terminal planning:

•	 At large airports, with a wide variety of airline services and passenger characteristics, inferring the 
appropriate passenger distributions for each departing passenger facility becomes increasingly 
complex, and a terminal simulation model requiring a design day schedule may be appropriate. 
Also, since a design day schedule disaggregates activity down the flight level, it can be used to 
prepare design day profiles at the concourse or terminal level, in addition to the airport level.

•	 For detailed analysis that will lead to the design and construction of terminal facilities, and which 
involves the evaluation of multiple configuration alternatives, daily passenger profiles segmented 
by category (domestic/international, originating/connecting, or other relevant characteristics) 
and airline are preferred.

•	 For conceptual long-term planning, which will not lead to design or construction without 
additional planning at a time closer to the implementation date, peak period estimates are 
sufficient.

3.1.2.3 Arriving Passenger Facilities

Arriving passenger facilities include Customs and Border Protection, meeting/greeting areas, 
and baggage claim facilities. The planning issues for arriving passenger facilities are similar to 
those for departing passenger facilities, except that the peak flows are determined by deplaning 
passengers, especially those that are terminating their trip at the airport. In addition, the timing 
of the impact on arriving passenger facilities lags the deplaning peak.

3.1.2.4 Other Terminal Facilities

Some terminal facilities, including concourse and terminal circulation space, restrooms, con-
cessions, and rental car counters, serve both arriving and departing passengers. Others such 
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security protocols currently in place; therefore any distributions that are used should  
be based on information from the airport under study. 

Exhibit 3.3.  Cumulative passenger percentage.
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as airline offices are not directly affected by peak passenger activity. With the exception of the 
demand for restrooms, which is determined by a combination of peak arriving and departing 
passengers, the demand for most of these activities is determined by annual passenger levels or 
the configuration of other facilities such as gates.

3.1.3 Landside Planning

For the purpose of this Guidebook, the landside area is defined as the portion of the airport 
devoted to provide ground access to the terminal building and airfield. It encompasses the terminal 
curb, access roads, parking facilities, and all other ground access facilities, such as mass transit, 
used to access the airport. Exhibit 3.4 summarizes the types of landside facilities, the tools typically 
used to analyze and plan for these facilities depending on the level of detail needed, and the types 
of forecasts needed to use these tools. Landside facilities fall into two major categories: (1) roadway 
access, including curbs, and (2) parking.

3.1.3.1 Roads and Curbs

Access roads provide entry to the curbs and automobile parking at the airport; the majority of 
these facilities are impacted by activity of both originating and terminating passengers. In general 
the requirements for the departure curb and access roads to parking facilities are determined 
by originating passengers and their vehicles, while requirements for the arrivals curb and roads 
which egress from parking facilities are determined by terminating passengers and their vehicles. 
More specific to the curb roadways, many airports serve both arriving and departing passengers 
with the same curb; in this case demand is determined by a combination of arriving and departing 
passengers.

 

Definitions:  VISSIM - (Verkehr in Stadten - Simulation) micro-level traffic simulation model. 

Source: HNTB analysis.  

O&D - origin and destination passengers  
High Detail = Resource intensive approach that requires specialized training.
Medium Detail = Requires several days of analysis and familiarity with airport facility or environmental planning.
Low Detail = Requires a few hours of analysis if necessary data are available. 

Planning Problem/Issue 
Level of
Detail Type of Analysis Type of Forecast Required Comments

          

R
oa

ds
 a

nd
 C

ur
bs

 

Access roads
High Simulation Models (e.g., VISSIM) Design Day Profile (O&D)   
Low Roadway Layout Analysis  Peak Period (O&D)    

Curb Capacity -
Private Auto

High Simulation Models  Design Day Profile (O&D)   
Low Spreadsheet Analysis  Peak Period (O&D)    

Curb Capacity -
Commercial

High Simulation Models  Design Day Profile (O&D)   
Low Spreadsheet Analysis  Peak Period (O&D)    

P
ar

ki
ng

Parking - Hourly Low Ratio Methods  Peak Period (O&D)  Ratios tend to be airport-specific.

Parking - Daily Low Ratio Methods  Design Day (O&D) Ratios tend to be airport-specific. 

Parking - Long Term Low Ratio Methods  Design Day (O&D) Ratios tend to be airport-specific. 

Rental Car Low Ratio Methods  Design Day (O&D) Ratios tend to be airport-specific. 

Entry/Exit Plazas 
High Simulation Models  Design Day Profile (O&D)   
Low Ratio Methods  Peak Period (O&D)    

Parking –
Taxi Hold

Medium  Queuing Models  Design Day Profile (O&D)   
Low Ratio Methods  Peak Period (O&D)    

Parking –
Cell Phone Lot

Medium
 

Policy
 

Peak Period (terminations)
 

Diverts activity from both hourly 
parking and curbside so has both 
congestion and revenue implications.  

Parking –
Employee

 
Medium

 
Spreadsheet Analysis

 
Design Day Profiles 
(employees)  

Function of number of employees 
and timing of shifts.

 Low Ratio Models  Annual Employees  

Exhibit 3.4.  Landside planning issues, tools, and forecast requirements.
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Curb and roadway requirements are highly sensitive to the configuration of the airport: the 
segregation of different types of demand (e.g., passenger versus employee), and the segregation 
by vehicle type (e.g., private auto versus courtesy van). Therefore, simulation models using design 
day profiles are often used to model these more complex interactions.

The guidelines for landside planning are similar to those for terminal planning, although lead 
times for departing passengers and lag times for arriving passengers are greater. The connection 
between enplaning/deplaning peaks and curbside and roadway peaks tends to be more tenuous 
than those seen in the terminal. In addition, the demand on roads and curbs will depend on 
the airport specific passenger transportation mode. Transportation mode is very sensitive to 
whether the passenger is a resident or non-resident, which in turn is sensitive to time of day. 
See the ACRP WOD 14 (Appendix K) for more discussion.

When choosing an analytical method and forecast for access road or curb analysis, the following 
should be considered:

•	 At a multiple terminal airport, where loads on curbs may depend on which airlines are assigned 
to which terminals, airline specific design day passenger profiles or a design day flight schedule 
will be required.

•	 For conceptual long-term planning, peak period estimates derived from design day profiles 
should be sufficient. Alternatively, an empirical analysis based on identifying the current dis-
tribution of vehicle traffic by time of day and scaling up based on the growth in passenger 
originations may be more cost-effective.

3.1.3.2 Parking

From an analytical standpoint, parking can be broken out into two main categories, very short 
term and other. The very short term category includes hourly parking, cell phone lots, and taxi 
hold areas. Planning for these categories typically relies on peak period vehicle forecasts, which 
are determined principally by passengers. To account for lead and lag factors, these should be 
derived from daily passenger profiles. Other longer-term parking demand is dependent on the 
accumulation of demand rather than peak demand flows. Hence, design day forecasts of O&D 
traffic are sufficient to forecast requirements for these types of parking.

The sizing of entry and exit parking plazas is dependent on peak traffic flows. More detailed 
analyses use simulation, similar to many roadway analyses.

3.1.4 Environmental Planning

As it relates to airports, most quantitative airport activity-related environmental planning is 
devoted to noise and air quality analysis. The tools used for these analyses may differ depend-
ing on whether the focus is the airfield or the landside. Exhibit 3.5 summarizes the types of 
environmental impacts, the tools typically used to analyze these types of environmental impacts 
depending on the level of detail needed, and the types of forecasts needed to employ these tools. 
There are many additional environmental impact categories, such as historic and archeological 
resources, fish and wildlife, endangered species, socioeconomic impacts, and hazardous materials 
but their analysis is not dependent on measures of passenger or aircraft activity and therefore is 
not addressed in this section.

3.1.4.1 Noise Analysis

In most instances, noise analysis is governed by 40 CFR Part 150 and FAA NEPA guidance in 
FAA Order 1050.1E: Policies and Procedures for Considering Environmental Impacts, and FAA 
Order 5050.4B: National Environmental Policy Act (NEPA) Implementing Instructions for Airport 
Actions. Therefore, there is less flexibility in choosing analytical tools than with planning.
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Noise impacts from aircraft are usually estimated using the INM which has specific input 
requirements, namely AAD aircraft operations broken out by day/night split and aircraft type. 
The NIRS model is sometimes used instead; however, it requires a design day schedule as an 
input. The Area Equivalent Model (AEM) is a simpler spreadsheet analysis, but is limited to use 
as a screening tool to determine whether a change in aircraft mix will create a significant change 
in noise contours.

Airports generate noise impacts from vehicular traffic as well as aircraft. These landside noise 
impacts can be estimated using models such as the Traffic Noise Model (TNM), which requires 
an AAD profile of vehicle movements, which is dependent on airport O&D passengers.

Noise impacts resulting from regional airspace use are currently evaluated using NIRS, which 
requires a design day schedule as an input. The impact of small incremental changes to airspace 
use can be evaluated using the NIRS Screening Tool (NST).

The AEDT will eventually be able to calculate aircraft and airspace noise impacts along with 
airfield and landside air quality impacts. In effect, it will replace the INM, NIRS, and Emissions 
and Dispersion Modeling System (EDMS) models but will use the same inputs depending on 
the specific analysis required.

3.1.4.2 Air Quality Analysis

Like noise analysis, air quality analysis is directed by FAA and EPA regulations. This restricts 
the types of analytical approaches that can be used.

The EDMS is currently used to perform air quality inventories and air quality dispersion 
analysis resulting from airport activity. The inventory analysis requires a fleet mix for the average 
annual day. The dispersion analysis information needs are more detailed and require the output 
from an airfield simulation model such as SIMMOD or TAAM. Consequently a design day 
schedule is needed as a forecast input.

      
Planning Problem/Issue

Level of
Detail Type of Analysis Type of Forecast Required Comments

            

N
oi

se
 

Noise - Airport

High NIRS/AEDT Design Day Schedule    
Medium  INM/AEDT Day/Night & Stage Length Profile    

Low
 

AEM Day/Night Profile
 

Screening tool used to estimate impact 
of changes in aircraft operations.  

Noise - Landside Medium
 

TNM
 

Design Day Profile (originations)
   

Noise - Airspace
High

 
NIRS/AEDT

 
Design Day Schedule

   Medium
 

NST
 

Profile of Proposed change in 
aircraft operations.  

Used to estimate impact of changes in 
aircraft operations.  

A
ir

 Q
ua

lit
y Inventory Medium  EDMS/AEDT AAD Fleet Mix 

 
Dispersion - Airside High EDMS/AEDT Design Day Schedule  

 

Dispersion - Landside 
High 
 

EDMS/AEDT 
 

Design Day Schedule  
 

 
 

Definitions: NIRS - Noise Integrated Routing System model
AEDT - Aviation Environmental Design Tool (forthcoming)
INM - Integrated Noise Model

 AEM - Area Equivalent Method (spreadsheet model)
TNM - Traffic Noise Model
NST - NIRS Screening Tool
EDMS - Emissions and Dispersion Modeling System
MOVES2010 - Motor Vehicle Emission Simulator (2010 version)
High Detail = Resource intensive approach that requires specialized training.
Medium Detail = Requires several days of analysis and familiarity with airport facility or environmental planning.
Low Detail = Requires a few hours of analysis if necessary data are available.

Source: HNTB analysis.

Exhibit 3.5.  Environmental planning issues, tools, and forecast requirements.
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The upcoming AEDT model will replace the EDMS model and the INM model; however, the 
input requirements will generally be the same.

3.2 Default Factors

The seasonal, weekly, and hourly distribution of activity for airports varies depending on 
their size, their location, and the types of communities they serve. At most airports, this type 
of information is readily available for aircraft operations, but less so for weekly and hourly 
passenger distributions. Typically this information is available only from the airlines or by  
undertaking extensive monitoring programs. It is difficult to obtain cooperation from all airlines, 
and monitoring programs are time-consuming and expensive. To provide an alternative, the 
Toolbox provides optional default factors for day-of-week load factors, time-of-day seat factors 
(enplaning/deplaning load factors), and peak hour spreading factors.

3.2.1 Day-of-Week Default Factors

As part of the research supporting this Guidebook, information was collected from participating 
airlines to identify day-of-the-week seat factors by airport size and time zone (see Appendix C). 
A review of the data indicates that there is strong statistical support finding that some days of the 
week have higher seat factors than others, and that in most cases, the busier days are Fridays and 
Sundays, and the less busy days are Tuesdays and Wednesdays (see ACRP WOD 14, Appendix F).  
Nevertheless, there is significant variation from airport to airport, so day-of-the week data specific 
to the airport should be collected if possible.

3.2.2 Time-of-Day Default Factors

In addition to day-of-the-week passenger information, participating airlines were requested 
to provide time-of-day seat factors (enplaning and deplaning load factors) by airport size and 
time zone (see Appendix C). A review of the data suggests that seat factors for arrivals tend to 
be higher in the afternoon and early evening than the remainder of the day, and that seat factors 
for departures tend to be higher in the late morning and early afternoon than elsewhere in the 
day. There is significant variation from airport to airport, so the hourly variations from the mean 
are not statistically significant at a strong confidence level. Therefore, hourly data specific to the 
airport should be collected if possible. If airport-specific data is not available, it is recommended 
that the hourly default factors be used only for sensitivity analyses.

3.2.3 Peak Spreading Default Factors

The Toolbox calculates alternative values for design day profiles and peak period estimates based 
on a default peak spreading factor that reduces the peak periods (as a percentage of daily operations) 
and increases the off-peak periods to compensate, as design day operations increase. The default 
peak spreading factor is based on an analysis of the relationship between peak hour percentage 
and total annual operations (see ACRP WOD 14, Appendix H, for additional background).

Based on the analysis in Appendix H, there is a gradual decline in the peak hour percentage as 
annual activity becomes greater, which averages about -0.5 percent per 100,000 increase in annual 
aircraft arrivals/departures. In addition, the variability in the peak hour percentage is much 
greater for small airports than for large airports. Also, there is a minimum limit of approximately 
6.5 percent, below which the peak percentage will not fall, regardless of the size of the airport. 
This suggests that, when estimating future changes in the peak period percentage, the practitioner 
should consider where the current peak period percentage lies in comparison with other airports 
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with similar activity levels. If it is already at the low end of the range, peak spreading is likely to 
be much less than if it lies at the high end of the range.

Other factors that can influence the extent of peak spreading include:

•	 Average Aircraft Size: If airlines reduce the average size of the aircraft serving an airport, flight 
frequency increases but the size of the aircraft serving the peak decreases. This tends to increase 
peak spreading. Alternatively, peak spreading is less likely if the average aircraft size increases.

•	 Number of Airlines: When airport growth is achieved by adding additional airlines, they often 
compete during the peak, thereby reducing the extent of peak spreading. Conversely, when 
growth is achieved by existing airlines adding new flights, the flights tend to be added during 
off-peak hours, thereby increasing the degree of peak spreading.

•	 Type of Passenger Service: Overseas international flights normally operate within restricted 
windows. Therefore, new international service to an existing region is less likely to result in 
peak spreading than new domestic service.

•	 Type of Cargo Service: Integrated air cargo carriers such as FedEx and UPS have narrow sort 
windows and therefore are much less able to spread their operations than are non-integrated 
air cargo carriers.

3.3 Forecast Uncertainty and the Use of Scenarios

This section provides an overview of the types of forecast uncertainty, and how to use scenario 
analysis with the assistance of the Toolbox to address this uncertainty. Additional guidance 
on treating forecast uncertainty will be forthcoming from ACRP Project 3-22, “Incorporating 
Uncertainty and Risk into Airport Air Traffic Forecasting.”

3.3.1 Forecast Uncertainty

Three types of uncertainty are addressed: (1) variance in the annual forecasts, (2) variance 
between the annual forecasts and the measures of peak activity, and (3) variance between 
scheduled and actual activity.

Forecasts are inherently uncertain. Annual activity projections are subject to forecast variance 
because of unforeseen changes in economic conditions, changes in airline cost factors (e.g., fuel), 
changes in airline business models, and changes in regulations and security measures. These 
uncertainties carry over into the design day, operational profile, and peak period estimates that 
are based upon the annual projections.

Changes in the relationship between annual activity and the design day, operational profile, 
and peak period estimates are also subject to uncertainty, and introduce an additional element 
of variance. For example, a carrier may choose to increase the number of connecting banks at 
an airport without increasing the total number of flights. The result would be a decrease in peak 
period activity that would not be projected with traditional forecasting techniques.

Airlines are not always able to operate consistently with their schedules. Therefore, even if a 
practitioner precisely projects a design day schedule, the inability of airlines to meet that schedule 
could result in unanticipated impacts on facilities. International facilities are particularly prone 
to this problem since they need to accommodate relatively few flights with large numbers of 
passengers within a narrow time frame. Since international flights tend to be longer, deviations 
from schedule resulting from stronger than expected headwinds or tailwinds become important 
considerations. A slight shift in one or two flights can result in a concentrated peak that may 
overwhelm facilities that are designed for the projected schedule. Manual adjustments to the 
schedule input data could be used to model such instances within the Toolbox (see Chapter 8).
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3.3.2 Use of Scenarios

One method of addressing uncertainty is to use forecast scenarios. Forecast scenarios, in the form 
of high and low range forecasts, or more detailed contingencies based on variation of specific 
variables such as economic growth, are often used to portray the potential variance in annual 
forecasts. The Toolbox provides a means of quickly generating similar alternative forecast scenarios 
of design day, operational profile, and peak period activity levels. The Toolbox can:

•	 Show the effect of an annual forecast scenario upon the design day, operational profile, or 
peak period measures.

•	 Provide the ability to specify alternative relationships between annual and peak activity levels, 
such as day-of-the-week and hour-of-the-day enplaning load factors and peak spreading factors.

More specific examples are provided in Chapters 4, 5, and 8.

3.4 Identification of Key Variables

The Toolbox can be used to test multiple relationships between annual and peak activity lev-
els. The results of these tests can help identify the specific variables that have the greatest impact 
on peak period estimates and the facilities they affect. This information can then help determine 
where to devote resources to collect more information.

For example, the Toolbox can be used to run sensitivity tests with and without the default 
day-of-the-week enplaning load factor adjustment factors. If the difference in resulting peak 
period passenger levels is very little, it is not necessary to take the time and effort to collect 
day-of-the-week data from the airlines. Alternatively, if the tests show a significant difference in 
peak period estimates with and without the default day-of-the-week factors, it would indicate 
that collecting airport-specific day-of-the-week data from the airlines would enhance accuracy.

Another example would be a test of the time interval from when a passenger arrives at curbside 
to when the passenger boards an aircraft. These lead times are affected by security policies imposed 
by the Transportation Security Administration (TSA) and can be very difficult to forecast. The 
Toolbox can be used to test several alternative lead times to identify their potential impact on 
the derivative curbside daily profile. At airports where arriving and departing passengers use the 
same curb, the lead time could change sufficiently to cause arriving and departing curbside peaks 
to become superimposed, significantly increasing curbside congestion. A sensitivity analysis using 
the Toolbox can help alert the planner to such potential problems.

3.5 Limits of Guidebook and Toolbox

Airports are complex entities, and even intricate simulation models provide only a simplified 
representation. Likewise, this Guidebook and Toolbox cannot describe all the nuances associated 
with an airport operation. In the case of the high detail analyses described in Exhibits 3.1, 3.2, 
3.4, and 3.5 particularly, professional assistance is recommended.
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This chapter shows how to use the Toolbox to define and estimate the design day 
from current or forecast annual data. The chapter includes sample problems and 
provides some comments and cautions on the use of the data.

This chapter provides approaches to estimating design day operations and passengers based 
on a user-defined design day.

4.1 Aircraft Operations

4.1.1 Existing Design Day Operations

A simple approach to estimating existing design day aircraft operations is provided in Exhibit 4.1. 
The first step is to decide on the design day definition. See Section 2.2 for a discussion of the 
purpose of the design day. For example, if the design day is intended to represent activity that 
equals or exceeds activity in all but five percent of the year, the 18th busiest day of the year 
(5% multiplied by 365 days) should be selected. Note that the design day does not need to be limited 
to a single definition; the same data can be used to calculate multiple definitions of the design day. 
Likewise, this approach can be used to calculate design day levels for different categories of aircraft 
operations—provided information on these operations by category is available on a daily basis.

In the United States, the ADPM is most commonly used to represent the design day for facility 
planning. Depending on the seasonal and weekly distribution of activity at the airport, the ADPM 
can translate to a broad range of busy day percentages. For example, the ADPM can represent a 
design day representing the 5th percent busiest day at a highly seasonal airport, or the 40th percent 
busiest day at an airport with very low seasonality.

Calculation of design day operations requires data on the number of aircraft operations by 
day for a calendar year or contiguous 12-month period. This information is available at towered 
airports and can be obtained from the FAA website at http://aspm.faa.gov/. See Appendix B for 
more detail on data sources.

4.1.2 Future Design Day Operations

Future design day operations can be calculated once existing design day operations have been 
estimated. Exhibit 4.2 provides an approach to projecting future design day operations.

4.1.3 Use of Toolbox

The operations module of the Toolbox provides a quick method of estimating design day 
operations. The following sample problem shows how to use the Toolbox to calculate design 
day operations.

C h a p t e r  4

Preparation of Design Day Forecasts
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Rank Days by # of
Aircraft Operations   

Select Day Corresponding to
Design Day definition   

User Defined

Design Day (s)   

Design Day
Operations   

Operations by
Day   

  

  

  

  

Data Input

User Determined Assumptions

Intermediate Output

Final Output

Exhibit 4.1.  Process for estimating existing design 
day aircraft operations.

Calculate Ratio of Design Day
Operations to Annual Operations   

Apply Ratio to Forecast of
Annual Operations   

Future Design
Day

Operations   

Existing Design
Day Operations   

Forecast of Annual
Operations   

Existing Annual
Operations   

  

  

  

  

Data Input

User Determined Assumptions

Intermediate Output

Final Output

Exhibit 4.2.  Process for estimating future design day  
aircraft operations.
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In this case, an airport planner needs to estimate fuel farm requirements in 2020. The planner 
wants to ensure the capacity is adequate to meet demand 95 percent of the time. Based on 
analysis in a recent master plan for the airport, the fuel farm must be sized to provide 150 gal-
lons of capacity (including reserves) for each design day operation. The planner enters the 
scenario name (A), 2025 annual aircraft operations (B), operations type (C), and design day 
definition (D) in the B. User Selected Parameters worksheet of the Operations Module as in 
Exhibit 4.3.

Sample Problem 4.1

Problem Statement: Estimate Fuel Farm Requirements

Airport: General Aviation Airport in Central Time Zone

Planning Factor: Gallons per Design Day Operation

Forecast Element: Design Day Operations

Toolbox Module: Operations

Exhibit 4.3.  Process for estimating existing design day operations.
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Although planning for the five percent busiest day, the planner includes other design definitions 
to provide additional background and context. Since peak period information is not required 
for this problem, peak period input parameters are ignored.

In the C. Base Year Data worksheet of the Module (Exhibit 4.4) the planner inputs annual 
operations by day for 2009, which in this instance was obtained from the FAA Enhanced Traffic 
Management System Counts (ETMSC) website. Base year schedule data is not required since 
peak period forecasts are not needed for this problem.

The design day forecast is provided in the D. Design Day worksheet (Exhibit 4.5). As shown, 
projected design day operations are 538 with a 5 percent design day definition. With a planning 
factor of 150 gallons per design day operation, this translates to a fuel farm capacity requirement 
of 80,700 gallons (538 design day operations multiplied by 150 gallons per design day operation = 
80,700 gallons).

The planner notes that design day operations at the one and two percent levels are much 
higher than at the five percent level and makes a note to inform the Airport Authority that there 
would be a risk of a significant fuel capacity shortfall on extremely busy days. The planner also 
notes that if the traditional ADPM criterion had been used, the design day operations would 

Exhibit 4.4.  Process for estimating future design day operations.
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have been 345 operations, which would have resulted in a fuel farm capacity of 51,750 gallons 
(345 design day operations multiplied by 150 gallons per design day operation = 51,750 gallons), 
and that demand would have exceeded capacity 120 days of the year.

4.2 Passengers

4.2.1 Existing Design Day Passengers

The general approach to estimating existing design day passengers is similar to the approach 
for estimating design day operations. Since daily data on passenger levels is typically unavailable, 
additional steps are required for the estimate. Exhibit 4.6 shows the typical approach for estimating 
design day passengers.

Scheduled seat arrival and departure data on a daily basis can be obtained from sources such 
as the Official Airline Guide (OAG) (see Appendix B for more detail). Passengers can be esti-
mated from the seat data by applying load factors. These load factors can vary by month and 

Exhibit 4.5.  D. design day worksheet.
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by day-of-the-week. Monthly load factors can be obtained from the U.S.DOT’s T-100 database 
(see Appendix B for more detail) or can be calculated by dividing airport data on monthly pas-
sengers by scheduled seat departures for that month. Day-of-the-week data should be collected 
from the airlines if possible, but default day-of-week load factor adjustment ratios are provided 
in Appendix C if that is not possible.

Once the passenger level for each day in the base year is estimated, the days can be sorted, and 
the passenger level that corresponds to the user definition of design day (5 percent, 10 percent, etc.) 
becomes the design day passenger level.

The same process can be used to estimate enplaning, deplaning, or total passenger design day 
levels. Also, if the ratio of originating passengers to total passengers is known, design day O&D 
levels can be estimated.

4.2.2 Future Design Day Passengers

Exhibit 4.7 provides an approach for estimating future design day levels that is very similar to 
the approach for estimating future design day aircraft operation levels.

4.2.3 Use of Toolbox

The passenger module of the Toolbox provides a quick method of estimating design  
day passengers. Sample Problem 4.2 shows how to use the Toolbox to calculate design day 
passengers.

Exhibit 4.6.  Process for estimating existing design day 
passengers.
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In Sample Problem 4.2, an airport planner needs to estimate automobile parking requirements 
for 2025. The planner wants to ensure the parking capacity is adequate for 90 percent of the time. 
From a previous analysis specific to the planner’s airport, the planner also knows that 0.26 on-airport 
parking spaces must be provided for each design day O&D passenger. Inputs are provided for 
the 2025 annual passenger enplanements (A), arrival/departure designation (B), and design day 
definition (C) as shown below in the B. User Parameters worksheet (Exhibit 4.8). The planner 
chooses a 10 percent definition for design day, but includes several other definitions in the analysis 
to determine how much the design day definition will affect his answer.

The planner also adds data on enplanements by month (D), and estimates day-of-week load 
factor adjustments (E) from Appendix C as shown in Exhibit 4.9.

The final input parameters are the O&D selection (F) and the ratio of originations to enplane-
ments (G) as shown in Exhibit 4.10. Peak period definitions and lead and lag factors are not 
required to estimate design day passengers so those inputs can be left blank.

The airport planner then adds scheduled seat arrivals and departures by day for the base year 
in the C. Base Year Data worksheet (Exhibit 4.11). The Schedule Data for Representative Day 
can be left blank since it isn’t required to calculate design day passengers.

Sample Problem 4.2

Problem Statement: Estimate Automobile Parking Requirements
Airport: Large Passenger Airport in Pacific Time Zone
Planning Factor: Parking Spaces per Design Day Passenger
Forecast Element: Design Day Passengers
Toolbox Module: Passenger

Exhibit 4.7.  Process for estimating future design day  
passengers.
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Exhibit 4.8.  User parameter worksheet. 

The design day passenger forecast is provided in the D. Design Day worksheet (Exhibit 4.12). 
As shown, projected design day O&D passengers are 86,639. With a planning factor of 0.26 parking 
spaces per design day O&D passenger, this translates to a parking requirement of approximately 
22,500 parking spaces. He notes that design day O&D passengers at the two and five percent levels 
are not much higher than at the 10 percent level, and therefore feels confident that overflow demand 
on days that exceed the 10 percent threshold will not be extreme.

4.3 Average Annual Day

For some analyses, such as noise analyses, the design day is defined as the AAD. To estimate 
AAD activity, divide annual operations by 365 days to obtain AAD operations and divide annual 
passengers to obtain AAD passengers. This approach works for both current and future year AAD  
estimates. Both the Operations and Passenger Modules provide estimates of the AAD in the 
D. Design Day worksheets.
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Exhibit 4.9.  Data on enplanement by month.

Exhibit 4.10.  User selected parameters.
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Exhibit 4.11.  Best year data worksheet.
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4.4 Comments and Cautions

When preparing design day estimates the following caution should be noted:

•	 The monthly and day-of-week load factors are based on averages and may not accurately 
represent absolute peaks, such as those that occur around major holidays. Therefore, results 
for passenger design day definitions representing the top one or two percent levels should be 
viewed with caution. As a cross-check for representing an absolute worst case, scheduled seats 
for a holiday travel-day can be collected and a 100 percent load factor can be applied. This will 
over-represent the actual level of passenger activity but can serve as an effective upper limit.

Exhibit 4.12.  Design day worksheet.
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This chapter discusses how to use the Toolbox to calculate existing design day profiles of 
aircraft operations and passengers and provides guidance for estimating future profiles. 
This chapter includes sample problems and provides some comments and cautions 
on the use of the data.

Design day profiles are focused on the distribution of aircraft operations or passenger activity 
throughout the design day. They are useful when the level of analysis is more involved, especially 
for terminal building and landside analysis. Activity levels at different facilities lead and lag 
passenger enplanement or deplanement activity by differing amounts depending on the facility 
in question. Design day profiles permit facility-specific peaks to be estimated more accurately 
than by using simple peak activity estimates. These profiles can be prepared for either a design 
day or an AAD.

5.1 Operations

5.1.1 Existing Design Day Operations Profiles

An approach to estimating existing aircraft operation design day profiles is provided in 
Exhibit 5.1.

Methods of estimating design day operations are described in Chapter 4. The data input day 
is a representative day for which complete aircraft operations data, with arrival or departure 
times identified for each operation, can be obtained. The data input day need not be the same 
as the design day, since it can be adjusted to represent the design day. Potential sources include 
noise monitoring data, if collected by the Airport, or Enhanced Traffic Management System 
(ETMS) or Performance Data Analysis and Reporting System (PDARS) data from the FAA. 
The input schedule data is organized by hour or other time period and then scaled to represent 
the design day.

Exhibit 5.2 describes an approach for estimating future design day profiles of aircraft operations.

The calculation of future design day operations is discussed in Chapter 4. Those operations, 
in conjunction with the existing design day profile, can be used to estimate a future design day 
profile of aircraft operations, provided no peak spreading is expected. If peak spreading is 
anticipated, a peak spreading factor can be applied that lessens the magnitude of both the peaks 
and valleys in the design day profile, as typically occurs with busier airports. The peak spreading 
factor is based on the tendency of hourly activity at airports to converge towards the average 
activity level of an hour during an operational day. See Appendix H in the ACRP WOD 14 for 
additional discussion.

C h a p t e r  5

Preparation of Design Day Profiles
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Exhibit 5.1.  Process for estimating existing  
design day profile of aircraft operations.
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Exhibit 5.2.  Process for estimating future design day 
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5.1.2 Use of Toolbox

The operations module of the Toolbox provides a quick method of estimating a future profile of 
design day operations. The following sample problem shows how to use the Toolbox to calculate 
a forecast profile of design day operations.

Sample Problem 5.1

Problem Statement: Validate Design Day Flight Schedule prepared by planning 
consultant

Airport: Large Commercial Airport in Mountain Time Zone

Forecast Element: Design Day Profile of Operations

Toolbox Module: Operations

In this instance, an airport planner needs to review a forecasted design day schedule prepared 
by a consultant. The consultant has assured the planner that the schedule incorporates a reason-
able amount of peak spreading to ensure that future capacity issues are not overstated. The planner 
needs an independent crosscheck of this assumption and uses the Toolbox to prepare a design 
day profile that incorporates peak spreading as a benchmark to test the design day schedule.

The airport planner wants to check peak spreading for both arriving and departing operations 
and therefore runs the Toolbox twice, once in arrival mode and once in departure mode. The 
example in Exhibit 5.3 shows arrival mode (A). The planner also inputs the forecast of annual 
operations for the year (B) and the design day definition (10 percent in this case) (C). The peak 
period definition, and begin/end time designation (D) can be ignored since no peak period 
analysis is required for this effort.

The airport planner then moves to the C. Base Year Data worksheet and imports arrivals and 
departures by day of the year and arriving and departing operations by time of day for a represen-
tative day (see Exhibit 5.4). In this instance, operations by day of the year were obtained from the 
FAA’s ETMS database and the schedule data for the representative day were obtained from the Air-
port’s Noise and Operations Monitoring System (see Appendix B for more detail on data sources).

The F. Design Day Profile spread worksheet provides the forecasted design day profile  
incorporating peak spreading. The outputs for both arrivals and departures are provided in 
Exhibits 5.5 and 5.6.

With the above output the planner can proceed with evaluating the forecasted gated flight 
schedule, paying particularly close attention to the arrival peak hour, which occurs at 20:00–20:59 
(8:00–8:59 PM) and falls from 9.8 percent to 9.1 percent of the total. The planner also closely 
examines the departure peak hour which occurs at 17:00–17:59 (5:00–5:59 PM) and falls from 
9.0 percent to 8.5 percent of the total.

5.2 Design Day Passenger Profiles

5.2.1 Existing Design Day Passenger Profiles

The general approach to estimating existing passenger profiles is similar to the approach for 
estimating aircraft operation profiles. Since hourly data on passenger levels is typically unavailable, 
additional steps are required for the estimate. Exhibit 5.7 shows an approach for estimating existing 
design day passenger profiles.
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Exhibit 5.3.  Aircraft operations mode.
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To estimate design day passenger profiles, the user must provide design day passenger levels 
(see Chapter 4) and a distribution of scheduled seat arrivals and departures from the OAG 
(see Appendix B for detail on data sources). Ideally the OAG distribution of seat arrivals and 
departures would be obtained from the date corresponding to the existing design day identified 
from the design day analysis (Chapter 4). Referring back to Sample Problem 4.2 in Chapter 4, 
the user selected the 10 percent threshold to represent the design day, and the D. Design Day 
worksheet (see Exhibit 4.12) identified August 16, 2009 as representing the design day in the 
base year. Therefore, an OAG schedule for August 16, 2009 should be selected for the design day 
profile analysis in this case; however, the Toolbox is designed to adjust seat distributions from 
alternative days if data for the specific design day are not available.

Once the design day schedule information is entered, the average load factor for the data input 
day is then applied to the scheduled seat arrivals and departures to generate passenger distributions 
by time of day, which are then scaled so that the daily sum matches design day passenger levels. 
If reliable data on load factor distributions by time of day are available, the design day profile can 
be further defined (See Appendix E in ACRP WOD 14 for additional discussion).

The design day passenger profile can be converted to a design day O&D passenger profile by 
applying a ratio of originations to enplanements. When planning for facilities driven by local 

Exhibit 5.4.  Base year data.
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Exhibit 5.5.  Design day profile: arrivals.
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Exhibit 5.6.  Design day profile: departures.
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(O&D) passenger demand such as security, check-in, baggage claim, parking, and roadways, 
additional refinements to estimate design day profiles of O&D demand may be required. Absent 
data from the airline, the following approaches can be used to refine estimates of the O&D share 
of total passengers by hour:

•	 Segregate the passenger data by airline and then estimate hourly O&D traffic for each airline. 
This way, hours that are dominated by airlines that do not provide connecting service will 
reflect the high O&D share that characterizes these airlines.

•	 If there are no redeye flights, flights that depart prior to the first arrival bank will have virtually 
no connecting traffic. Flights that arrive after the last departing bank will likewise have virtually 
no connecting traffic.

•	 If the design day profile is derived from a design day schedule, additional market variations in 
O&D shares can be incorporated. See Section 6.3 for additional detail.

•	 At “spoke” airports where virtually all passenger traffic is O&D, local passenger traffic will 
essentially be the same as enplaning and deplaning traffic, and the passenger and O&D passenger 
design day profiles will be very similar.

Estimate Arriving and
Departing Passengers by Hour   

Design Day
Passenger Profile   

Scheduled Seat Data
by Time of Day for

Data Input Day   

User Definition of
Design Day   

Existing Design
Day Passengers   

Calculate Ratio of Design Day
to Data Input Day Passengers   

Load Factor
Adjustment by
Time of Day   

Lead/Lag
Passenger

Distributions   

Derivative Design
Day Passenger

Profile   

Origination to
Enplanement

Ratio   

Design Day O&D 
Passenger Profile   

Derivative Design
Day O&D Passenger

Profile   

  

  

  

  

Data Input

User Determined Assumptions

Intermediate Output

Final Output

Exhibit 5.7.  Process for estimating existing design day  
passenger profile.
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As noted in Chapter 2, the peak passenger impact on many terminal and landside facilities 
occurs at a different time than the enplanement and deplanement peaks. Enplaning passengers 
will stress these facilities for a period of time prior to scheduled aircraft departure while deplaning 
passengers will stress these facilities for a period of time after aircraft arrival. The lead and lag 
times will differ depending on the facility, and there will be a probability distribution associated 
with each lead and lag time. If estimates of these distributions are available, derivative design day 
passenger profiles tailored to each facility can be estimated from the original design day passenger 
profile.

5.2.2 Forecast Design Day Passenger Profiles

Exhibit 5.8 shows an approach for estimating future design day passenger profiles. The pro-
cess can be used to estimate future design day passenger profiles, O&D passenger profiles, and 
derivative passenger profiles. The calculation of future design day passengers is discussed in 
Chapter 4. Those passenger projections, in conjunction with the existing design day profile, can 
be used to estimate a future design day profile of aircraft operations, provided no peak spreading 
is expected. If peak spreading is anticipated, a peak spreading factor can be applied that reduces 
the magnitude of both the peaks and valleys in the design day profile, as typically occurs with 
busier airports. The peak spreading factor is based on the tendency of hourly activity at airports 
to converge towards the average activity level of an hour during an operational day. See Appen-
dix H in the ACRP WOD 14 for additional discussion.

5.2.3 Use of the Toolbox

The passenger module of the Toolbox provides a quick method of estimating a future profile 
of design day passengers. The following sample problem shows how to use the Toolbox to calculate 
a derivative design day passenger profile.
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Existing Design
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Exhibit 5.8.  Process for estimating future design day 
passenger profile.
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In this case, an environmental planner needs to quickly estimate future airport vehicular traffic 
for air quality dispersion analysis. After coordination between the planner, the FAA, and local 
air agency, it was agreed that because the pollutant of concern focused on the frequency that 
an air quality standard is exceeded, a dispersion analysis would be conducted for the design day 
of the facility. The planner knows that O&D passengers are the primary determinant of airport 
related vehicular traffic but also knows that departing passengers arrive at the airport well before 
their flight leaves and that there is also a lag between the time an aircraft arrives and the deplan-
ing passenger leaves the airport. Therefore, airline schedules by themselves are not an accurate 
determinant of the hourly distribution of vehicular traffic. The Toolbox is used to generate a 
derivative design day profile that reflects the differences in the hourly distribution of activity at 
the airport roadways versus the airport gates.

The planner goes to the B. User Parameters worksheet and enters data for forecast annual 
passengers (see Exhibit 5.9). Since the planner is interested in both arriving and departing 

Exhibit 5.9.  User parameters worksheet.

Sample Problem 5.2

Problem Statement: Estimate future daily distribution of airport-related vehicular 
traffic for air quality dispersion analysis.

Airport: Large Commercial Airport in Pacific Time Zone

Forecast Element: Derivative Design Day O&D Passenger Profile

Toolbox Module: Passenger
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Exhibit 5.10.  User parameter worksheet: enplanements and load factors.

passengers, “both” is selected from the drop down menu (A) when selecting between arriving/
departure type. After consultation with relevant agencies, the 10 percent busiest day is decided 
as an appropriate busy day for the air quality analysis. Therefore, the Design Day is not defined 
as the Average Day of the Peak Month and a 10 percent definition is selected instead (B).

Since peak period information is not needed, the peak period input parameters are skipped, 
but the planner provides data on average monthly enplanements (C) and day-of-the-week load 
factor adjustments (D) from Appendix C (see Exhibit 5.10). Since connecting passengers don’t 
generate ground vehicle trips, the planner specifies that the Toolbox is to calculate O&D traffic 
(E) which accounts for 75 percent of total passenger traffic (F) at her airport. Finally, the planner 
incorporates the lead (G) and lag (H) distributions from a recent passenger survey conducted 
by the airport (see Exhibit 5.11).

The planner moves on to the Base Year Data worksheet (Exhibit 5.12) and provides OAG 
schedule data by flight for a representative day, and scheduled seat arrivals and departures for 
each day of the year as shown previously.

The environmental planner believes the airport will experience an average amount of peak 
spreading, and therefore moves past worksheet F. Derivative Profile—NS, which shows the deriva-
tive O&D passenger distribution without peak spreading and looks to worksheet H. Derivative 
Profile—PS (Exhibit 5.13), which does incorporate peak spreading, for results.

Using ratios of passengers to vehicle trips obtained from a previous airport survey, the 
planner now has the information needed to generate an hourly distribution of airport-related 
vehicle trips. It’s noted that the derivative peak hour occurs at 11:00 AM and is projected to account 
for 7.6 percent of daily activity. In passing, a glance at the non-derivative design day profile 
[G. Design Day Profile—PS worksheet (not shown)] shows that the airside peak hour occurs at 
12:00 PM and only accounts for 6.8 percent of design day activity. Without accounting for the 
different distributions of landside and airside activity, the planner would have underestimated 
the landside peak.
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Exhibit 5.12.  Base year data worksheet.

Exhibit 5.11.  User parameter worksheet: lead and lag distribution.
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Exhibit 5.13.  Derivative profile worksheet.
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After reviewing the analysis, the Airport Director asks whether a change in security procedures 
could affect the arrival distribution sufficiently to change the results. Since future security proce-
dures and their impacts on arrival distributions are difficult to predict, the planner and the planner’s 
staff meet and use their professional judgment to develop a wide range of potential lead distributions 
for scenario testing. The Toolbox allows them to quickly test each of the distribution scenarios.

They test many scenarios, two of which are illustrated here. Scenario A assumes the terrorism 
threat declines significantly and security procedures are streamlined to reflect the reduced threat. 
The assumed lead distribution for this scenario is shown in Exhibit 5.14 and the results are 
shown in Exhibit 5.15.

Scenario B assumes a much more stringent security environment that requires passengers to 
arrive much earlier than they do now. The assumed lead time distribution for this scenario is 
presented in Exhibit 5.16 and the results are presented in Exhibit 5.17.

Peak hour passenger O&D traffic at the curb ranges from 7,677 under Scenario A to 7,640 under 
Scenario B. These numbers compare to 7,844 with the baseline distributions. After examining the 
remaining scenario results, the planner reports to the Director that changes in security procedures 
are unlikely to materially change the peak hour impacts and in fact may reduce them slightly.

5.3 Comments and Cautions

When preparing design day profiles the following comments and cautions should be noted:

•	 If the data and resources are available, consider segmenting the categories when preparing 
forecasts of design day profiles. For example, domestic and international passengers have and 

Exhibit 5.14.  Lead distribution scenario.
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Exhibit 5.15.  Lead distribution results.
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are expected to continue to grow at different rates. Moreover, international traffic, because of 
the more limited windows, has a very different and more pronounced profile than domestic 
traffic. When aggregated, categories with differing growth rates and differing profiles can 
result in a marked change in the overall profile.

•	 The Toolbox assumes the relationship between the number of total passengers and O&D 
passengers is the same throughout the day. In reality, the distribution of O&D traffic at airline 
connecting hubs will differ from the distribution of total passenger traffic. Data on the hourly 
distribution of local/connecting percentages is very scarce and would need to be obtained 
from the airlines. Approaches to estimating local/connecting percentages by time of day are 
provided in more detail in Section 6.3.

•	 Also note that it may be necessary to distinguish between resident and non-resident O&D 
traffic. This may have some relevance for terminal facilities, because resident passengers will 
likely be more familiar with the airport and have shorter lead times. The distinction is much 
more relevant for landside facilities and ground transportation planning. Residents and 
non-residents tend to use very different transportation modes. Residents mostly use their 
private automobile to arrive at the airport and are the predominate user of parking facilities. 
Non-residents are the predominant user of rental cars.

Exhibit 5.16.  Assumed lead time distribution.
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Exhibit 5.17.  Assumed lead time results.

þÿ�P�r�e�p�a�r�i�n�g� �P�e�a�k� �P�e�r�i�o�d� �a�n�d� �O�p�e�r�a�t�i�o�n�a�l� �P�r�o�f�i�l�e�s ��G�u�i�d�e�b�o�o�k

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/22646


56

This chapter provides guidance on the preparation of forecast flight schedules for use 
in simulation modeling and detailed terminal and landside analysis, as well as air 
quality analysis and detailed noise modeling.

6.1 Background

Design day flight schedules are more complex and take more time to prepare than design day 
profiles. Once complete, however, they can be used to derive future design day profiles, INM 
input files, and peak period activity forecasts. In addition, because they are constructed using a 
“bottom-up” individual flight basis, they can be manipulated according to virtually any criteria 
or category desired. Design day flight schedules are required for airfield or terminal simulation, 
and are very useful for detailed alternatives analysis, which would be required in evaluating ter-
minal or concourse concepts that differ in size, configuration, or airline assignment. The format 
of these schedules depends on their intended use as shown in Exhibit 6.1. Note that air quality 
inventory analyses and INM noise analyses do not require a design day schedule as an input and 
are therefore not included in the Exhibit.

Design day flight schedules serve as input files for SIMMOD, TAAM, and other airfield 
simulation models. In airfield planning, the focus is on the individual airport under study and 
the surrounding airspace and the terminal airspace arrival and departure routes. Consequently, 
less attention is devoted to airports where arriving flights originate or departing flights terminate 
and more attention is focused on the runway and taxiway system. Aircraft gate assignments are 
important to this analysis since they help determine taxiway paths and the operational efficiency 
of the airport.

The airfield aspects of the flight schedule decline in importance when used for terminal planning. 
Gate assignments, gate times, and the local and connecting passengers associated with each flight 
are the chief elements of interest for terminal planning. Exhibit 6.2 shows a sample page from 
a design day schedule prepared for terminal building analysis at a large west coast airport. The 
O&D passenger flows derived from design day schedules, once appropriate lead and lag times 
are applied, can be converted to vehicle trips and used as inputs for landside models.

The FAA uses these schedules for current and near term national airspace planning, where 
the most important factor is the anticipated behavior of the aircraft in the air, so these schedules 
typically focus on aircraft type, flight tracks, and en route operations, as well as departure times 
and point of origin and arrivals times and destination. One of the models used to model the 
National Airspace System (NAS) is the Future Air Traffic Estimator (FATE) model developed 
by MITRE.vii
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The FAA focuses much of its modeling effort on the busiest airports because they generate the 
most delay. As a result, the FAA generates constrained design day schedules to avoid forecasting 
activity levels that cannot be supported by the current or projected airfield during busy hours. 
Their analysis has identified relationships between maximum scheduled activity and runway 
capacity that varies depending on the length of the interval studied which can be used to incor-
porate existing constraints into the preparation of gated flight schedules.viii See Chapter 9 for 
additional discussion on the application of constraints.

Air quality dispersion analysis using the EDMS and forthcoming AEDT models uses the output 
of simulation models such as SIMMOD or TAAM. Dispersion analysis therefore requires all the 
output required for airfield analysis to assess the air quality impacts of aircraft operations. To assess 
landside air quality impacts, these models require ground vehicle activity estimates, which are 
typically generated from the O&D output of the design day schedules.

The NIRS noise model requires data input on a flight-by-flight basis as provided in a design 
day schedule. Since the model focuses on evaluating aircraft noise characteristics, associated 
passenger data is not required.

Although the approaches used to prepare design day schedules are complex, they are simple 
compared to the real world elements they are intended to model. One of the key challenges is 
modeling how airlines balance various factors when planning future schedules. In addition to 
providing competitive schedule coverage, airlines need to consider revenue potential, the avail-
ability of feed traffic, behavior of competing airlines, station costs and hours, and the positioning 
of aircraft and flight crews.

6.2 Preparation of Design Day Schedules

The approach used to prepare design day flight schedules depends on the intended purpose 
and the availability of data and resources. The starting point is almost always an existing schedule. 
New flights are then added using a variety of methods. For airspace planning the FAA uses 
the Fratar algorithm to allocate new routes, depending on the anticipated growth characteristics 
of the origin and destination airports.ix The resources required for this type of network analysis 
are usually not available for the preparation of individual airport design day schedules. In some 
instances, airlines will provide future schedules from their internal network planning analysis. 
When time and budget are limited, existing flights are duplicated, with a random distribution 
factor applied to ensure that there is no exact match in flight times. This carries an assumption 
that the airport’s future daily profile will essentially be the same as the existing daily profile and 
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Exhibit 6.1.  Typical elements in design day schedule.
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Exhibit 6.2.  Sample page from design day gated flight schedule for a large west coast airport.

Ref. Gate Type Arr. Arr. Air- Equip- Arr. Arr. Type Dept. Dept. Air- Equip- Dept. Dept.
Num. Gate Type TOW D/I Origin Hour Min. PC line ment Seats L.F. OD % Depl Term . TOW D/I Dest. Hour Min. PC line ment Seats L.F. OD % Enp Orig

1 1 NB 00 00 WN WN 735 122 D PHX 07 00 WN WN 735 122 90% 100% 110 110
2 1 NB Y 08 00 WN WN 73G 137 D BNA 08 30 WN WN 73G 137 90% 98% 123 120
3 1 NB D SEA 09 25 WN WN 73G 137 77% 98% 106 104 D PHL 09 55 WN WN 73G 137 77% 95% 105 100
4 1 NB D LAS 10 10 WN WN 73G 137 90% 96% 123 119 D ABQ 10 35 WN WN 73G 137 69% 96% 94 91
5 1 NB D AUS 11 45 WN WN 73G 137 77% 97% 106 103 D OAK 12 10 WN WN 73G 137 67% 97% 92 89
6 1 NB D MDW 12 25 WN WN 73G 137 72% 96% 99 95 D PHX 13 00 WN WN 73G 137 70% 96% 96 92
7 1 NB D SJC 13 15 WN WN 73G 137 67% 97% 92 90 D LAS 13 45 WN WN 73G 137 75% 97% 103 100
8 1 NB D ABQ 14 05 WN WN 73G 137 72% 96% 99 95 D PVD 14 30 WN WN 73G 137 64% 97% 87 85
9 1 NB D PHX 15 35 WN WN 73G 137 70% 96% 96 93 D SAT 16 00 WN WN 73G 137 77% 96% 106 101

10 1 NB D MCI 16 25 WN WN 73G 137 63% 98% 87 85 D BNA 17 00 WN WN 73G 137 90% 98% 123 120
11 1 NB D ABQ 18 50 WN WN 73G 137 72% 96% 99 95 D SEA 19 15 WN WN 73G 137 77% 97% 105 102
12 1 NB D PHX 19 35 WN WN 73G 137 70% 96% 96 93 D PHX 20 05 WN WN 73G 137 70% 96% 96 92
13 1 NB D RNO 22 45 WN WN 735 122 70% 100% 86 86 00 00 WN WN 735 122
14 2 NB 00 00 WN WN 73G 137 D PHX 06 30 WN WN 73G 137 77% 100% 105 105
15 2 NB D LAS 07 45 WN WN 735 122 73% 96% 89 86 D LAS 08 10 WN WN 735 122 90% 97% 110 107
16 2 NB D SJC 09 50 WN WN 73G 137 77% 97% 106 103 D PHX 10 15 WN WN 73G 137 70% 96% 96 92
17 2 NB D LAS 11 20 WN WN 73G 137 77% 96% 106 102 D SJC 11 45 WN WN 73G 137 75% 96% 103 99
18 2 NB D OMA 12 00 WN WN 73G 137 77% 97% 106 103 D PHX 12 25 WN WN 73G 137 70% 96% 96 92
19 2 NB D LAS 12 40 WN WN 73G 137 73% 96% 100 97 D MDW 13 15 WN WN 73G 137 74% 97% 101 98
20 2 NB D PHX 16 25 WN WN 73G 137 70% 96% 96 93 D HOU 16 50 WN WN 73G 137 77% 97% 105 102
21 2 NB D BNA 17 05 WN WN 73G 137 50% 96% 69 66 D MDW 17 30 WN WN 73G 137 90% 97% 123 120
22 2 NB D MDW 18 05 WN WN 73G 137 72% 96% 99 95 D OAK 18 40 WN WN 73G 137 90% 97% 123 120
23 2 NB D OAK 19 55 WN WN 73G 137 90% 96% 123 119 D SMF 20 20 WN WN 73G 137 68% 96% 93 90
24 2 NB D PHX 21 15 WN WN 735 122 77% 100% 94 94 D RNO 21 40 WN WN 735 122 70% 98% 85 84
25 2 NB D PHX 22 25 WN WN 73G 137 70% 100% 96 96 00 00 WN WN 73G 137
26 3 NB 00 00 WN WN 73G 137 D SJC 07 45 WN WN 73G 137 90% 100% 123 123
27 3 NB D MDW 08 22 WN WN 73G 137 72% 96% 99 95 D PVD 08 50 WN WN 73G 137 90% 97% 123 120
28 3 NB D BWI 09 55 WN WN 73G 137 72% 97% 99 96 D BWI 10 25 WN WN 73G 137 71% 97% 97 94
29 3 NB D PHL 10 45 WN WN 73G 137 90% 97% 123 119 D TUS 12 35 WN WN 73G 137 63% 98% 86 84
30 3 NB D OAK 12 50 WN WN 73G 137 72% 96% 99 95 D ABQ 13 20 WN WN 73G 137 69% 96% 94 91
31 3 NB D LAS 13 55 WN WN 73G 137 73% 96% 100 97 D SJC 14 25 WN WN 73G 137 75% 96% 103 99
32 3 NB D SMF 14 50 WN WN 73G 137 70% 96% 96 93 D SMF 15 15 WN WN 73G 137 68% 96% 93 90
33 3 NB D BWI 16 55 WN WN 73G 137 72% 97% 99 96 D BWI 17 25 WN WN 73G 137 90% 97% 123 119
34 3 NB D SMF 18 35 WN WN 73G 137 77% 96% 106 102 D ABQ 19 05 WN WN 73G 137 77% 96% 105 101
35 3 NB D SMF 19 25 WN WN 73G 137 90% 96% 123 119 D TUS 19 50 WN WN 73G 137 77% 98% 106 103
36 3 NB D SEA 20 05 WN WN 73G 137 77% 98% 106 104 D OAK 20 35 WN WN 73G 137 67% 97% 92 89
37 3 NB D HOU 20 54 WN WN 73G 137 70% 98% 96 94 Y 21 24 WN WN 73G 137
38 3 NB D BWI 21 40 WN WN 73G 137 72% 100% 99 99 00 00 WN WN 73G 137
39 4 NB 00 00 WN WN 73G 137 D MCI 07 20 WN WN 73G 137 77% 100% 105 105
40 4 NB D OAK 07 55 WN WN 73G 137 72% 96% 99 95 D OAK 08 20 WN WN 73G 137 90% 97% 123 120
41 4 NB D ABQ 09 15 WN WN 73G 137 90% 96% 123 119 D LAS 09 40 WN WN 73G 137 77% 97% 105 102
42 4 NB D SJC 10 45 WN WN 73G 137 67% 97% 92 90 D PHX 11 15 WN WN 73G 137 70% 96% 96 92

Gated Flight Schedule With Preferential Gate Use- High Airfield - Constrained 2030 AAD Forecast
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implicitly assumes there will be no peak spreading. A more intensive alternative to flight duplication 
is to examine schedules on an individual market basis and to add new flights based on gaps in 
the existing schedule.

In general, the preparation of design day schedules is a complex and time-consuming process 
which in most cases is best left to specialized consultants. Exhibit 6.3 provides a summary of the 
general approach but does not show all the detail required to complete a design day schedule. 
There are three major components to the process of preparing a design day schedule:

•	 Estimating and allocating market share;
•	 Estimating aircraft operations; and
•	 Assignment of passengers to flights.

6.2.1 Estimating and Allocating Market Share

The first step (Step 1 in Exhibit 6.3) is selecting a design day forecast of passengers or aircraft 
operations (see Chapter 4). The next step (Step 2 in Exhibit 6.3) is to distribute future design 
day activity among markets. This is important because O&D markets are a major determinant 
of aircraft type and passenger characteristics. Passengers can be allocated among markets using 
one of the methodologies below ranked in order of least complex to most complex:

a. Allocate passengers according to existing share;
b. Grow passengers in each market according to recent trends and then normalize results to sum 

to original design day total;

Exhibit 6.3.  General approach to future design day gated 
flight schedule.
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c. Grow passengers in each market according to the anticipated growth in a market-demand 
proxy, such as income in the destination market, and then normalize results to sum to original 
design day total;

d. Grow passengers in each existing market in accordance with (c), use a nonstop market threshold 
analysis to identify new markets, and then normalize results to sum to original design day 
total; or

e. Prepare a separate forecast equation for each market, use a nonstop market threshold 
analysis to identify new markets, and then normalize results to sum to original design  
day total.

Once design day passenger traffic is allocated by market, the seat capacity needed to serve each 
market can be calculated. The fleet mix most likely to account for daily seat departures to each 
market can then be estimated. This is a matter of judgment but should include the following 
considerations:

•	 Existing service patterns to the market;
•	 Current airline route strategies;
•	 Degree of competition in market;
•	 Known planned aircraft orders and retirements for each airline; and
•	 Relationship between market size, average aircraft size, and flight frequency. This relationship 

tends to change with increased distance; long haul markets tend to be served by larger aircraft 
with fewer frequencies when compared to short haul markets of similar size (measured in seat 
departures).

The result is a fleet mix forecast showing airline, aircraft type, and daily frequency in each 
market.

6.2.2 Design Day Schedule of Aircraft Operations

Once the market forecast is complete, the future flight schedule can be prepared (Step 3 in 
Exhibit 6.3). This typically involves starting with an existing schedule and then adjusting the 
schedule to match the fleet mix prepared in Step 2. For each market, this requires estimating 
times for new flights taking into account existing flight times to the market, the time zone of the 
market, and the service characteristics of the airlines serving or expected to serve that market. In 
many instances, aircraft equipment must be changed to match the fleet mix identified in Step 2. 
Finally, arriving flights must be matched to departing flights while ensuring enough time at the 
gate to load and unload passengers.

For most airfield simulation requirements and for terminal planning, aircrafts must be assigned 
to gates (Step 4 in Exhibit 6.3). Gate assignments typically consider buffer times between a depart-
ing flight and the next arriving flight at the gate, requirements for spare gates, and the types of 
aircraft the gate can accommodate. In addition, the distribution of aircraft among gates must be 
balanced to match real world use.

6.2.3 Assignment of Passengers to Design Day Schedule

If the design day schedule is to be used for terminal or landside analysis, passengers must be 
estimated for each flight (Step 5 in Exhibit 6.3). This involves applying load factors, which can 
vary by airline, market, and time-of-day, to each flight to generate passenger enplanements and 
deplanements. Next, an O&D percentage (proportion of passengers accounted for by originating 
or terminating passengers) must be assigned to each flight. This percentage will also vary by airline, 
market, and time-of-day.
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Once these steps are complete, the result is a passenger-populated design day gated flight 
schedule ready for use in terminal or landside planning. Each design day flight schedule will 
provide the following information on a flight-by-flight basis:

•	 Time of arrival and departure
•	 Airline
•	 Aircraft type
•	 Domestic/international designation
•	 Origin and destination
•	 Seat capacity
•	 Enplanements and deplanements
•	 Originating and terminating passengers

The steps involved in preparing a design day schedule are covered in more detail in Chapter 6 
of ACRP WOD 14.

6.3 Comments and Cautions

The following provides a list of items to be cautious of when preparing, reviewing or using 
design day schedules:

•	 The estimate of design day schedules is a detailed and time-consuming process, so errors are 
possible. Exhibit 6.4 provides a quality control checklist that can be used to help check design 
day schedules.

•	 Since most design day schedules are prepared to perform an airport analysis, there is a tendency 
to optimize the schedule for the airport—that is to schedule flight times to best serve the 
market. However, in reality it is airlines rather than airports that determine schedules. Although 
airlines have a definite financial interest in serving airports when passengers want to fly, 
they also need to optimize the use of their aircraft and must strike a balance. The existing 
distribution of operations at an airport, or similar airports, reflect this balance and can 
serve as a guide.

•	 Although the existing schedule is useful as a general guide to future distributions, it is simplistic to 
view a future schedule as a superimposition of new flights onto the existing schedule. Oftentimes, 
when adding a new flight to an existing market, airlines will rearrange the times of existing 
flights to provide better schedule coverage. See the ACRP WOD 14 (Appendix Q).

•	 Gate buffer times and spare gates are intended to address the same issue: to provide additional 
gate capacity in case flight schedules are disrupted and off-schedule flights result in a higher 
demand for gates than anticipated under the original schedule. Therefore, it is not realistic to 
be too generous or too parsimonious with buffer times and spare gates. If an airline has high 
buffer times, it can get by with fewer spare gates. If it has low buffer times, more spare gates 
will be required.

•	 The distribution of local traffic at airline connecting hubs will differ from the distribution of 
total passenger traffic. Data on the hourly distribution of local/connecting percentages is very 
scarce and would need to be obtained from the airlines. In most cases, airlines are unwilling or 
unable to provide this data in a timely manner. Judgment will be required to convert passenger 
profiles to O&D profiles and will need to consider the factors below:
– It is useful to segregate passengers by carrier. Most connecting passengers will fly on aircraft 

flown by the hub carrier and its code-sharing and alliance partners. Traffic on airlines that 
do not have a hub operation will be almost 100 percent local.

– Unless there are redeye flights from South America, or from the West Coast at East Coast 
airports, flights that depart prior to the first arrival bank will have virtually no connecting 
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Exhibit 6.4.  Recommended quality control checks when preparing design  
day schedules.

Arrivals/Departures Match Check: 

Pairing Match Check:

Gate Overlap Check:

Are all gates occupied by only ONE aircra
 at all 	mes? 

Passenger Match Check:

Does the sum of passengers in the design day schedule match the design day es	mate?

Turnaround Time Check:

 

Is there a sufficient interval for loading and unloading passengers and cargo, as well as taking on 
fuel and supplies? Large aircra� on long-haul flights generally require more 
me than small 
aircra� on short-haul flights. This can vary by airline; for example, Southwest Airlines rou
nely 
turns flights around in 25 to 35 minutes whereas most mainline operators require 50 minutes or 
more.  Long-haul interna
onal flights o�en require two hours. Turnaround 
mes can be a poten
al 
pi�all if a future design day schedule is prepared by up-gauging from an exis
ng schedule. For 
example, if a regional flight is up-gauged to a mainline flight, the arrival 
me may have to be 
advanced or the departure 
me delayed to maintain a reasonable turnaround 
me. 

Consistency with Connec�ng Banks Check:

Are new flight 	mes for carriers with hub-and-spoke networks consistent with the connec	ng bank 
structure at their hub airports? One source of guidance is the flight 
mes from the same market 
and airline to other airports with similar distances and 
me zones. 

Schedule Coverage Check:

Are scheduled flights realis	c with origin/des	na	on 	mes, with as much coverage as possible 
through the day and with focus on the morning and a
ernoon peaks? 

Origin/Des�na�on Time Check:

Do new flight 	mes abide by all compa	ble airport curfews, and do arriving 	mes at des	na	on 
airports and depar	ng 	mes at origin airports correspond to when passengers are willing to fly and 
airlines are willing to provide service? For example, it is very unusual for an East Coast market to 
see an arrival from the West Coast prior to 2-3 PM, since such a flight would have to depart prior 
to 6 AM local 
me. Likewise, there is a dearth of departures for the East Coast at West Coast 
airports between 4 PM and 11 PM (Flights between these 
mes would arrive past midnight but not 
late enough to be a reasonable “red eye” flight arriving early in the morning). 

Buffer Time Check:

Has buffer 	me been provided between the scheduled departure 	me and the next arriving flight? 
15 minutes is usually the minimum prac
cal buffer 
me, although many airlines use 20-30 minutes. 
Since the reliability of arrival 
mes is less with long-haul flights, the buffer 
mes at interna
onal 
gates tend to be greater than at domes
c gates.   

Does the number of aircra
 arrivals match the number of aircra
 departures by airline and by 
equipment type for each airline? An excep
on may be made if the purpose is to model a specific 
day of the week rather than a more general design day.

A bo�om up prepara	on of a design day gated flight schedule can be a laborious and tedious process 
and, as such, is subject to error. The following list of QC checks is recommended prior to using the 
schedule for any simula	on or analysis. Although 	me-consuming, debugging the schedule at this stage 
is much less expensive than a
er simula	on modeling or environmental analysis is undertaken.

At a gate, do all aircra
 remain the same equipment type between arrival and departure? This is  
obvious but some
mes overlooked.
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traffic. Likewise, flights that arrive after the last departing bank will have virtually no connect-
ing traffic.

– Flights to and from small short-haul markets will have higher connecting ratios (lower O&D 
ratios) than flights to larger and longer-haul markets. Therefore, regional carrier feeder 
operations tend to have higher connecting ratios than mainline operations.

– If the resources are available, consider breaking out local/connecting splits by market. The 
U.S.DOT’s O&D survey provides O&D by market and airline. This information, coupled 
with segment passenger data from the T-100 data base, allows individual airline and market 
O&D/connecting ratios to be generated.
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This chapter provides techniques for estimating existing and future day/night splits 
and stage length profiles for use in the INM or the forthcoming AEDT. Also included  
is a discussion of the factors that may cause the balance between day and night  
operations to change, along with guidance on avoiding common pitfalls.

Estimates of existing and future day/night splits of aircraft operations by equipment type are 
required for noise analysis using the INM (see Chapter 6 for noise analysis using the NIRS model). 
These analyses require the division of aircraft operations into daytime flights (7 AM to 10 PM) 
and nighttime flights (10 PM to 7 AM). In California, an evening segment (7 PM to 10 PM) is 
also required. Noise impacts are a function of aircraft type and the payload they carry. Although 
load factors will vary, the required fuel load will be dependent on the length of the flight. When 
fuel loads are high, the aircraft is heavier, and it can gain altitude less quickly. To compensate, the 
aircraft must run on higher power to meet climb requirements, and therefore generates more noise. 
Consequently, estimates of aircraft stage length that organize aircraft departures into increments 
of 500 nautical miles are required.

This chapter first presents guidance on how to compile data on existing activity into a format 
suitable for the INM model. Next, guidance on preparing forecast day/night and stage length 
profiles is presented, followed by general comments and cautions.

7.1 INM Input for Existing Conditions

Exhibit 7.1 shows an approach for estimating an existing day/night fleet mix and involves the 
following steps:

1. Collect existing annual aircraft operations data by aircraft type and time of flight, and also 
by destination for aircraft departures. Appendix B provides a list of data sources. Generally 
the best source of data, if available, is Air Traffic Control Tower (ATCT) radar collected on 
behalf of the airport, since this data covers all operations including general aviation (GA) and 
provides actual time of arrival and departure rather than scheduled time. USDOT T-100 data 
can provide information on fleet mix and stage length for commercial passenger and cargo 
carriers, but cannot provide time of day information. Since noise studies are intended to be 
representative of the entire year, data should be collected for an entire consecutive 12 month 
period if possible.

The OAG can provide scheduled passenger operations data by airline, aircraft type, time of 
day, and stage length, but should be used with caution. The times reflect gate times rather than 
runway times, and do not account for delay. This data source therefore tends to underestimate 
the nighttime percentage of passenger operations. See Appendix I in the ACRP WOD 14 for 
additional discussion.

C h a p t e r  7

Preparation of Day/Night  
and Stage Length Profiles  
for Noise Analysis
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In most cases some manipulation will be required to convert the data into the proper format 
for noise analysis, specifically:
a. Eliminate or correct typographic errors in the radar data. In some instances the intended 

aircraft type is clear; in those instances where the aircraft type is not clear it should be 
reclassified as an unknown.

b. Scale up identified flights to match annual totals. You will need to do this to offset missing 
information or information in which the aircraft type is identified as “unknown.” This is 
best done separately by category (passenger carrier, cargo, GA, etc.) because some categories, 
such as military, tend to account for a disproportionate number of “unknown” flights.

c. Identify the airline for commercial carriers. This is important because often airlines may fly 
the same aircraft type, but still differ in the type of engine used, which in turn differ in noise 
characteristics. The engine-use information is not available from OAG, T-100, or radar data.

d. In some cases, such as general aviation operations operating under Visual flight rules (VFR), 
no operations data will be available. Estimates can be obtained from knowledgeable on-airport 
individuals such as fixed base operators (FBO). Based aircraft information can be used as a 
proxy if no other data on GA is available. However, it should be done with caution since the 
mix of transient operations does not always match the mix of based aircraft operations.

2. Designate flights as day or night based on the time of day information and the required definition 
of day and night, or evening if applicable.

Exhibit 7.1.  Preparation of INM input for  
existing conditions.

Operations by Aircraft Type,
Destination, and Time of Day (Step 1)  

Screen, Refine and Sort
Data (Step 2)  

Organize Arrivals and
Departures by Day and

Night (Step 3)  

Organize Departures by Stage
Length (Step 4)  

Convert to Average Annual Day
Operations (Step 5)  

Assign Runway Use and Flight
Tracks (Step 6)  

INM Input - Day/Night Split & Stage 
Length (Step 7)  

User Definition
of Day/Night  

Split 

Data Input 

User Determined Assumptions 

Intermediate Output 

Final Output 
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3. Categorize flights by stage length based on the distance to destinations. The stage length 
categories used by INM are as follows:
a. 0 to 500 nautical miles
b. 501 to 1000 nautical miles
c. 1001 to 1500 nautical miles
d. 1501 to 2500 nautical miles
e. 2501 to 3500 nautical miles
f. 3501 to 4500 nautical miles
g. 4501 to 5500 nautical miles
h. 5501 to 6500 nautical miles
i. 6501 and more nautical miles

4. Convert annual operations into AAD operations by dividing by the number of days in the 
year analyzed.

5. Assign flight tracks and runway use based on radar data and/or discussion with ATCT.
6. Code the operations for use in the INM or upcoming AEDT model. The INM model has 

specific categories of aircraft that do not always correspond to the categories in the radar data. 
In addition, some very new aircraft types are not modeled in the INM. In those instances, 
substitutes must be identified and approved by the FAA.

It is unlikely that any data set will be complete and totally accurate with respect to the needs of 
noise analysis. In those instances, additional research will be required on the part of the user to pre-
pare defensible assumptions to fill in the data gaps. Some assumptions will have more of an impact 
on the results than others, which should help to determine priorities in preparing these assumptions.

7.2 Future INM Fleet Mix

INM inputs representing future conditions require a fleet mix forecast. A fleet mix forecast is 
best prepared as part of the annual forecast, since the fleet mix will determine average aircraft size 
(measured in seats per aircraft). Average aircraft size, along with average load factor, determines 
passengers per passenger aircraft operation, and that in turn allows a forecast of passenger aircraft 
operations to be derived from a forecast of passenger enplanements. Ideally, therefore, the fleet 
and aircraft operations forecast will be prepared at the same time to ensure consistency.

Fleet mix forecasts require some judgment on the part of the practitioner. Important consid-
erations include:

•	 Aircraft orders by the carriers serving the airport.
•	 Announced plans on aircraft retirements.
•	 Anticipated new markets, including size and distance.

Example 7.1.  Scaling aircraft operations.

The total number of GA operations for which the aircraft type can be identified 
from the radar data is 46,000.

The known total of GA operations is 51,000. The ratio of the two numbers is 
(51,000/46,000) or 1.1087.

Multiply the operations for each identified aircraft type by 1.1087.

The sum of the results will equal 51,000.
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•	 Airfield capabilities, i.e., runway length.
•	 Level of competition—highly competitive markets tend to generate more frequencies with 

smaller aircraft than similarly sized non-competitive markets.

Exhibit 7.2 shows an approach for estimating the INM future day/night fleet mix at an airport 
which involves the following steps:

1. Select an annual fleet mix forecast and choose the year of analysis.
2. Obtain existing day/night stage length profile. If none are available, use the approach in 

Exhibit 7.1 to prepare an existing profile.
3. Organize the forecast of operations by category (passenger, cargo, GA, etc.).
4. Determine whether a change in the overall day/night split in each category is warranted. 

See Appendix I in ACRP WOD 14 for additional guidance.
5. Estimate the future day/night split for each aircraft type in each category. Typically this is 

done by assuming the same day/night split that currently applies to that aircraft type. This 
may cause a distortion in the overall distribution, however. When a new aircraft type replaces 
an existing aircraft type, it will take over the existing aircraft’s mission and therefore acquire 
its day/night distribution characteristics. Some adjustment may therefore be required to 
ensure that the aggregate nighttime percentage for the category is achieved. Example 7.2 is 
an illustration of this.

Exhibit 7.2.  Preparation of INM input for future conditions.

User Definition
of Day/Night

Split

Existing Day/Night
Split of Operations

(Step 2) 
 

Organize Operations
by Category (Step 3)

• Passenger

• Cargo, etc.

Convert to Average Annual
Day Operations (Step 7)

INM Input–Future  
Conditions (Step 9)

Prepare Day/Night
Split Targets by

Category (Step 4)

Adjust Day/Night and
Stage Length by Aircraft
Type to Match Category
Targets (Steps 5 and 6)

Forecast of Annual
Operations by

Aircraft Type (Step 1)

Increase/Decrease
in Percent of Night

Operations

Change in
Stage Length
Distribution

Assign Runway Use and
Flight Tracks (Step 8)

Existing Runway Use
and Flight Tracks

User Defined 
Changes in Runway

Use and Flight
Tracks

Data Input 

User Determined Assumptions 

 

 

Intermediate Output 

 
Final Output 
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Example 7.2.  Adjusting nighttime fleet mix to match control total.

Assume a simple case with three aircraft types showing the base year fleet mix below:

  

  

  

Annual Departures  -   Forecast With Adjustment    

  
  Day      Night      Total    Night (%)   

Boeing 737 - 800   43,891            6,109    50,000  12.2   
Boeing 737 - 700   70,226            9,774    80,000  12.2   
MD - 80   15,113            4,887    20,000  24.4   
Total          129,231            20,769         150,000    13.8   

  

Day Night Total Night (%) 
Boeing 737-800 27,000           3,000            30,000         10.0
Boeing 737-700 45,000           5,000            50,000         10.0
MD-80 40,000           10,000          50,000         20.0
Total 112,000         18,000          130,000       13.8

Annual Departures - Existing 

Day Night Total Night (%) 
Boeing 737-800 45,000           5,000            50,000         10.0
Boeing 737-700 72,000           8,000            80,000         10.0
MD-80 16,000           4,000            20,000         20.0
Total 133,000         17,000          150,000       11.3

Annual Departures - Forecast Without Adjustment 

Ratio of Future Unadjusted to Existing Night % 
13.8% divided by 11.3% = 1.22               

Assume an annual forecast that provides the fleet mix projections in green. If the base year nighttime 
percentages are applied to each aircraft type, the total nighttime percentage would fall from 13.8 percent 
to 11.3 percent. This is because the aircraft types that are growing (Boeing 737-700 and 737-800) have 
lower than average nighttime percentages in this case. 

Multiply the nighttime percentage for each aircraft type by the ratio (1.22) to generate adjusted nighttime 
percentages (in orange) for each aircraft type. Calculate adjusted nighttime departures (in blue) by 
multiplying total departures by the adjusted nighttime percentage. Daytime departures are equal to total 
departures less nighttime departures.

To adjust for this, calculate the ratio of the new unadjusted nighttime percentage (11.3 percent) to the 
base year nighttime percentage (13.8 percent). 

Note that the adjusted total forecast nighttime percentage (13.8 percent) is now the same as the base year 
nighttime percentage. 
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6. Estimate the future stage length for each aircraft type in each category. It may not be safe to 
assume that the future stage length distribution for an aircraft type will be the same as the  
existing distribution. Airlines often dedicate their newer aircraft to long-haul routes and 
older aircraft to short-haul routes since the fuel economies associated with new aircraft are 
better realized on longer routes. However, as these new aircraft take over routes from existing 
aircraft they will gradually assume some of their stage length characteristics as well. Therefore, 
some adjustment may be necessary to ensure that the aggregate stage length distributions for 
the category are achieved.

7. Divide the results from Steps 5 and 6 by the number of days in the year to produce a future 
AAD day/night fleet mix.

8. Assign future runway use and flight tracks. Incorporate any anticipated changes in air traffic 
control practices and airspace structure. Typically information on Standard Terminal Arrival 
Routes (STARs) and Standard Instrument Departure (SID) routes, along with radar data 
such as NOMS or PDARS, is used to generate model input for existing flight tracks and runway 
use distributions. These distributions can be modified to represent future conditions by using 
output from airfield/airspace simulation models or input from ATCT staff.

9. Code the operations for use in the INM or upcoming AEDT model.

7.3 Comments and Cautions

Consider the following when preparing a future day/night fleet mix:

•	 In general, long-haul travel has been growing faster than short-haul travel, and this may affect 
the overall stage length distributions. This is likely to be especially important at constrained 
airports, where airlines are more likely to preserve the more financially remunerative long-haul 
flights at the expense of short-haul flights. In addition, potential future competing transportation 
modes, such as high-speed rail, are more likely to compete with short-haul and medium-haul 
air travel than with long-haul travel.

•	 International passenger flights warrant special attention. Historically, most overseas flights 
from U.S. airports have been to Europe and Japan. These flights tend to operate almost exclu-
sively during the day due to the time zones and connecting banks at these airports. However, 
these daytime distributions do not necessarily apply to some of the newer overseas markets. 
For example, most flights to southern South America are red-eye flights which often land and 
take-off during the night at U.S. airports. Flights to South Asia (India and surrounding countries) 
and Oceania (Australia/New Zealand) also often land and take-off at night (see Appendix N in 
ACRP 03-12 Final Report). Therefore, it is essential to pay special attention to shifts in inter-
national service. For obvious reasons, these shifts will also affect stage length distributions.
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This chapter discusses how to use the Toolbox to estimate peak period activity levels  
from design day profiles based on user-specified criteria. The chapter includes 
sample problems and provides some comments and cautions on how to calculate 
and use the results.

The desired peak period will differ depending on the needs of the user and the facility being 
analyzed. Once defined, however, the process for estimating peak periods is similar regardless 
of the definition or threshold. Two sets of approaches are presented here depending on how the 
peak period is defined. The first, and simplest, approach assumes the peak period is defined as 
the busiest period in the design day. The second approach assumes a peak period definition that 
is independent of the design day. For example, if the peak period is defined as 60 minutes and 
represents a level that equals or exceeds activity in all but five percent of the year, the preparer 
would select the 438th busiest hour of the year (5 percent multiplied by 8,760 hours). The Toolbox 
uses the first approach for calculating peak period activity levels.

8.1 Peak Period Operations

8.1.1 Estimates of Existing Peak Period Operations

Exhibit 8.1 provides an outline of the steps used to estimate existing peak period operations 
based on the design day.

Required inputs are design day operations (see Chapter 4), detailed operations data for 
a representative day (including arrival and departure times) and a user definition of the peak 
period (15 minutes, 30 minutes, etc.). Potential sources for the representative data input  
day include aircraft monitoring data, if collected by the Airport, or ETMS data from the FAA. 
See Appendix B for more information on data sources.

The Toolbox calculates activity levels based on a rolling average, so that peak periods that do 
not correspond to clock hour intervals are still identified. Once the rolling averages are calculated 
the peak corresponding to the user determined peak period interval is calculated. If estimates 
for several alternative definitions of the peak period are required, the process can be repeated 
using the alternative definition.

8.1.2 Estimates of Future Peak Period Operations

Exhibit 8.2 describes two approaches for estimating future peak period operations. The first 
approach is simpler and can be applied if a peak spreading factor is not used and no major 
changes in the distribution of operations throughout the day are anticipated.
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Exhibit 8.1.  Process for estimating existing peak period  
aircraft operations.

Calculate Estimated 
Operations by Time

Period  

Operations Data by Time
of Day for Data Input Day  

User Definition of
Design Day 

Existing Design
Day Operations  

 

Calculate Ratio of 
Design Day to Data

Input Day Operations  

User Definition of
Peak Period  

Peak Period
Operations (Time

and Activity Level)

Identify Peak
Period  

Data Input

 
User Determined Assumptions

 

 

Intermediate Output

 
Final Output

Exhibit 8.2.  Process for estimating forecast peak period 
aircraft operations.

Existing Peak Period
Operations

Future Design
Day Operations

Peak Spreading 
Factor

Peak Period Forecast
Adjusted for Peak

Spreading

User Definition of
Design Day

Unadjusted Peak
Period Forecast

Data Input 

User Determined Assumptions

Intermediate Output

Final Output 
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The Toolbox methodology assumes that, without peak spreading, peak period operations will 
grow at the same rate as annual operations. It also provides an alternate calculation that assumes 
an average degree of peak spreading as the forecasted annual operations increase. See Appendix H 
in the ACRP WOD 14 for additional detail.

8.1.3 Use of Toolbox

Peak period operations can be quickly calculated using the operations module of the Toolbox. 
The following sample problem shows how to use the Toolbox to estimate future peak period 
operations.

Sample Problem 8.1

Problem Statement: Determine whether hourly runway arrival capacity will be 
exceeded within 15 years.

Airport: Large Commercial Airport in Mountain Time Zone

Forecast Element: Peak Period Aircraft Arrivals

Toolbox Module: Operations

An airport planner has been asked to project when his airport will exceed its runway capacity. 
The planner knows that under Instrument Flight Rules (IFR) conditions the design airport has 
an arrival capacity of 140 aircraft arrivals per hour and also knows that arrivals are more likely 
to be a chokepoint than departures.

As shown in the screenshot of the B. User Parameters input worksheet in Exhibit 8.3, the 
planner provides a forecast of annual operations for 2020 (A). The model will be run later with 
2025 forecast data. The planner specifies an output of arriving operations (B). The planner 
is also interested in a range of peak period thresholds, and includes two percent, five percent, 
and 10 percent design day definitions (C). The planner next chooses to analyze hourly capacity (D) 
and designates that the peak period time interval will be identified by the time in which it begins (E).

Next arrival and departure operations data by time of day for a representative day and arriving 
and departing operations by day of the year for the base year are entered in the C. Base Year data 
input worksheet (Exhibit 8.4).

The planner anticipates some peak spreading, so looks to the H. Peak Period—Spread work-
sheet for answers (Exhibit 8.5).

The planner finds that even at the two percent threshold, the demand will be 133 aircraft 
arrivals, still below the 140 operation estimated capacity. Next the model is run for 2025 activity 
levels, by typing in 2025 forecast operations in the User Parameter worksheet. No other changes 
to the inputs are required.

The planner finds that, under the 2025 forecast (Exhibit 8.6), the runway capacity of 140 arrivals 
is exceeded at all the defined thresholds including the one represented by the average day peak 
month.

At this point, the planner could easily estimate the year in which runway capacity is exceeded 
by interpolating between the two sets of results, but decides that it would be easier and more 
accurate by running the Toolbox again with annual forecast values for 2021 through 2024.
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Exhibit 8.3.  User parameter input worksheet.
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Exhibit 8.4.  Base year data input worksheet.
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Exhibit 8.5.  Peak period estimate worksheet: Future 1.
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Exhibit 8.6.  Peak period estimate worksheet: Future 2.
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8.2 Peak Period Passengers

8.2.1 Estimates of Existing Peak Period Passengers

The general approach to estimating existing peak period passengers is similar to the approach 
for estimating design day operations. Since hourly data on passenger levels is typically unavailable, 
additional steps are required for the estimate. Exhibit 8.7 shows an approach for estimating peak 
period passengers.

Required inputs are design day passengers (see Chapter 4), detailed scheduled seat arrival 
and departure data for a representative day (including arrival and departure times) and a user 
definition of the peak period (15 minutes, 30 minutes, etc.). The best source for the representa-
tive of scheduled seat information for the data input day is the OAG. See Appendix B for more 
information on data sources.

The Toolbox calculates passenger activity levels based on a rolling average, so that peak periods 
that do not correspond to clock hour intervals are still identified. Once the rolling averages are 
calculated the peak corresponding to the user determined peak period interval is calculated. 
If estimates for several alternative definitions of the peak period are required, the process can 
be repeated using the alternative definitions. Peak period passengers can be converted into peak 
period originations by applying an origination to enplanement ratio.

Impacts of unusual situations, such as schedule disruptions from adverse weather, can be 
modeled by manually adjusting the schedule input in the Toolbox to reflect those conditions.

Exhibit 8.7.  Process for estimating existing peak period  
passengers.
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8.2.2 Estimates of Future Peak Period Passengers

Exhibit 8.8 describes approaches for estimating future peak period passengers with and 
without peak spreading.

8.2.3 Use of Toolbox

Peak period passenger arrivals and departures can be calculated using the passenger module 
of the Toolbox. The following sample problem shows how to use the Toolbox to estimate future 
peak period passengers.

Existing Peak Period
Passengers  

Future Design
Day Passengers  

 

Peak Spreading
Factor  

Peak Period Forecast
Adjusted for Peak

Spreading  

User Definition of
Design Day 

Unadjusted Peak
Period Forecast  

Data Input 

User Determined Assumptions 

Intermediate Output 

Final Output 

Exhibit 8.8.  Process for estimating forecast peak  
period passengers.

Sample Problem 8.2

Problem Statement: Estimate how many security lanes will be required in 15 years.

Airport: Large Commercial Airport in Pacific Time Zone

Forecast Element: Peak Period Passenger Originations

Toolbox Module: Passenger

In Sample Problem 8.2, an airport recently lost one of its main carriers leading to a significant 
change in its flight schedule and hourly distribution of operations and seat capacity. The terminal 
planner wants to know whether this will change the number of security lanes they are planning 
as part of a terminal building renovation and expansion. As shown in Exhibit 8.9, the planner 
enters the forecast passenger enplanements (A), specifies departing passengers (B), and types in the 
design day thresholds to be analyzed (C). In addition, the peak period is defined as 15 minutes (E), 
and the time of the peak to be defined by its end point (F) was identified.

In the bottom half of the B. User Parameters worksheet the planner adds monthly enplanement 
data (G) and load factor adjustments by day of the week (H) for her airport (Exhibit 8.10).
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Exhibit 8.9.  User selected parameters.

Exhibit 8.10.  User parameter: enplanements and load factor.
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Since security requirements are primarily determined by originating passengers, the planner 
specifies originations to be analyzed (I), which account for 95 percent of enplanements (J) at the 
design airport (Exhibit 8.11). Finally, the latest available information showing the distribution 
of the times that a passenger reaches security (K) and the time their flight departs the gate are 
entered.

Next, the planner goes to the C. Base Year Data worksheet and types in existing annual 
enplanements, and scheduled seat arrivals and departures for a representative day, and the base 
year (Exhibit 8.12).

The terminal planner then goes to the J. Peak Period—PS worksheet to view the results 
(Exhibit 8.13). Results show that peak period originations would be 1665 or higher on 10 percent 
of the days and 1772 or higher on two percent of the days. Assuming that the TSA can process 
60 passengers per security lane every 15 minutes, a need for 28 total security lanes is estimated. 
The planner also notes that the peak hour occurs around noon, whereas the 15-minute peak 
period occurs shortly after 6:00 AM. Had the planner estimated the peak period as a percentage 

Exhibit 8.11.  
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Exhibit 8.12.  Base year data worksheet.
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Exhibit 8.13.  Peak period estimates worksheet.
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of the peak hour, there might have been an underestimate of the number of peak 15-minute 
originations.

8.3 Comments and Cautions

The Toolbox is not capable of analyzing all issues and problems, so the following comments 
and cautions should be considered.

•	 There are game-changing situations, such as the entry of an airline such as Southwest that 
eschews connecting banks in favor of high aircraft and gate utilization, which can materially 
change the peak period percentage at an airport. Other potential game changers that could 
affect peak hour calculations and operational profiles are changes in the relationship between 
mainline carriers and feeders, and airline consolidation. These factors could significantly reduce 
the Toolbox’s ability to forecast future peak period activity from existing data at some airports.

•	 For some types of transportation planning the peak hour is defined independently of the 
design day. For example, in highway planning, the 30th busiest hour of the year is used, without 
reference to a design day. At airports, there is no assurance that, for example, the 30th busiest 
hour will occur during the 30th busiest day. An accurate calculation would require hourly 
activity data for the entire year. Although some airports have, or can acquire this data for 
operations, it is not available for passengers. Therefore, the Toolbox estimates peak period 
activity based on the design day.
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This chapter shows how physical or policy constraints may affect the magnitude  
of the peaks and the distribution of daily activity and provides guidance on  
how to model these aspects.

One of the more difficult aspects of estimating future peak period activity or operational 
profiles is how to best incorporate the impact of airport constraints. Addressing constraints in 
annual forecasts is beyond the scope of this guidebook, so the focus will be on how to evaluate 
the impact of constraints on a daily or less-than-daily basis. Even if an airport fully intends to 
expand to accommodate increased demand, constrained forecasts are often necessary to identify 
no-action (without project) operational conditions as a baseline which can be used to measure 
project benefits and environmental impacts. Constraints can be imposed by insufficient physical 
infrastructure or by policy restrictions.

Physical constraints can include:

•	 Airfield constraints such as the lack of runway, taxiway, and queuing capacity;
•	 Terminal constraints such as the lack of gate capacity, or chokepoints within the terminal 

building, such as security clearance, people mover systems, and baggage processing; and
•	 Landside constraints, such as limits on roadway, curbside, and automobile parking capacity.

Policy constraints can include:

•	 Slot controls;
•	 Peak period pricing (higher landing fees during busy times); and
•	 Nighttime noise restrictions or curfews.

These differing constraints will affect peak or operational activity in different ways.

9.1 Airfield Constraints

The hourly throughput capacity of an airfield needs to be estimated before the impact of 
airfield constraints can be analyzed. This is best done using an airfield simulation model such as 
SIMMOD or TAAM. The result will not be a single capacity number, but rather a relationship 
that can be graphed between aircraft arrival capacity and departure capacity. Increased arrival 
capacity will come at the expense of decreased departure capacity, and vice versa.

Chen and Guldingx authored a paper, “Assessment of System Constraints for Producing 
Constrained Feasible Schedules,” that provides a means of estimating the impact of airfield 
throughput capacity on airline schedules. The authors identified the existing relationship between 
scheduled demand and existing visual meteorological conditions (VMC) capacity at John F. 

C h a p t e r  9

Application of Constraints

þÿ�P�r�e�p�a�r�i�n�g� �P�e�a�k� �P�e�r�i�o�d� �a�n�d� �O�p�e�r�a�t�i�o�n�a�l� �P�r�o�f�i�l�e�s ��G�u�i�d�e�b�o�o�k

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/22646


application of Constraints  85   

Kennedy International (JFK) and Newark Liberty International (EWR) Airports. The authors 
noted from previous FAA work that although scheduled demand could exceed capacity for short 
periods of time, significant excesses of demand over capacity were not sustainable over long 
periods of time. For example, the maximum demand/capacity ratio could be as high as 1.41 for 
a 15-minute period, but fell to 1.21 for a one-hour period, 1.14 for a two-hour period, and 
1.06 for a three-hour period (see Exhibit 9.1).

Assuming airport throughput capacity estimates are available, these ratios can be used 
to establish upper limits on the number of aircraft operations scheduled for each period. 
See Example 9.1 for a sample calculation. Multiplying the throughput capacity by the ratio will 
provide a control total for operations that will limit the extent of the peaks in constrained daily 
profiles and design day schedules.

If airfield capacity cannot accommodate unconstrained demand, airlines have several potential 
options for reducing flights:

•	 Reschedule flights to off-peak hours;
•	 Increase the size of the aircraft serving a market, while reducing frequency;
•	 Increase load factors so that more passengers can be flown with a given amount of seat 

capacity;
•	 At connecting airports, divert connecting passengers through other hubs or gateways in their 

network;
•	 Increase fares to reduce the number of O&D passengers to be accommodated; or
•	 Cease or reduce service to certain markets.

Exhibit 9.1.  Maximum demand/capacity ratio 
by peak period definition.

Peak Period Definition
Maximum Demand/Capacity Ratio 
(Aircraft Operations)

15 minutes 1.41
1 hour 1.21
2 hours 1.14
3 hours 1.06

Example 9.1.  Applying demand/capacity ratios.

Assumption: Departure Throughput Capacity = 80/hr

15 minute maximum departures = 80 dept/hr × (15 min/60min) × 1.41 = maximum 
of 28.2 scheduled departures in a 15 minute period.

1 hour maximum departures = 80 dept/hr × (60 min/60min) × 1.21 = maximum  
of 96.8 scheduled departures in a 1 hour period.

2 hour maximum departures = 80 dept/hr × (120 min/60min) × 1.14 = maximum  
of 182.4 scheduled departures in a 2 hour period.

3 hour maximum departures = 80 dept/hr × (180 min/60min) × 1.06 = maximum  
of 254.4 scheduled departures in a 3 hour period.
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The airlines’ ability to pursue the above options is limited by the following factors:

•	 Existing and planned aircraft fleet;
•	 Network requirements, especially the type of aircraft needed to serve all their markets—not 

just the airport under study;
•	 A competitive environment, which would affect both the ability to reduce frequency and to 

raise fares without losing passengers and revenue; and
•	 Market characteristics such as length of haul, which would affect passengers’ ability to use 

alternative transportation modes.

Based on empirical analysis and surveys conducted at several airports,xi the airlines would take 
the following actions, ranked in order of likelihood:

•	 Increase fares to take advantage of reduced competition and to cover increased operating 
costs, thereby reducing the number of passengers from unconstrained levels;

•	 Reschedule some flights to less busy connecting banks or off-peak hours subject to market 
requirements;

•	 Increase the average size of the aircraft serving the market, provided the required aircraft are 
in their fleet.

•	 Cease or reduce service to certain markets, starting with the lowest revenue markets (typically 
short-haul and leisure markets).

Although it is counterintuitive, the evidence from these studies suggests that there will be little 
change in load factors.

Minimal analysis has been done on the impact of airfield constraints on operations besides 
those of scheduled passengers, but the following observations are pertinent:

•	 Passenger charter and all-cargo operations generally occur off-peak and would be unaffected. 
They also tend to have greater flexibility in adjusting schedules or using available supplemental 
airports if they have adequate runway length.

•	 General aviation operations by smaller aircraft (piston and turboprop) often avoid busy com-
mercial airports even when there are no significant capacity constraints. They can typically be 
persuaded to use reliever airports.

•	 There is often a core of more sophisticated business jet operations that is difficult to dislodge. 
They are attracted to the all-weather instrument capability, access to air service, and often 
access to downtowns. Although they are often reluctant to change airports, they do have some 
flexibility to change flight times.

Because of their complexity, the above factors are best addressed by incorporating them into a 
constrained design day schedule. The design day schedule can then be used to prepare constrained 
daily profiles and peak period estimates as needed.

9.2 Terminal Constraints

The effects of terminal constraints will differ depending on whether the chokepoints are at 
the gates or at other terminal facilities. The impact of gate constraints on aircraft operations and 
passengers depends on the characteristics of the airlines serving the airport.

Gate utilization for hub carriers is limited by the number of connecting banks, and large 
hub operations such as Delta at Atlanta can sustain more connecting banks than small hub 
operations, such as Delta at Memphis. Note that average gate utilization is typically less than 
the number of connecting banks, for various reasons. Not all connecting banks are of equal size, 
and therefore some gates will be unoccupied during the smaller banks. Also, some aircrafts, 
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especially in overseas international service, may sit at a gate for more than one connecting 
bank. And, as was mentioned in Chapter 6, there is a need for excess gate capacity (spare gates) 
to accommodate disrupted schedules.

Even at spoke airports, airlines with hub-and-spoke operations will be constrained by the 
timing of the connecting banks at the origin or destination airport. Airlines without formal 
hub-and-spoke networks, like Southwest Airlines, have more schedule flexibility and can achieve 
higher gate utilization rates.

ACRP WOD 14 (Appendix O) provides some examples of the relationship between peak 
period operations and the number of gates at selected airports where gates are used intensively. 
These relationships may be used as a general guide to the maximum design day departures possible 
when the number of gates is constrained. Airline reactions to terminal constraints will be similar 
to their reactions to airfield constraints with one exception. Except at slot-controlled airports, 
such as Washington’s Reagan National Airport, airfield capacity is common-use, whereas gates 
are typically exclusive-use or preferential-use. Since individual airlines have more control over 
gate capacity than airfield capacity, they have more flexibility to “right-size” utilization to meet 
operational concerns without the risk of competing airlines backfilling the freed up capacity. 
Airlines therefore have more ability to exploit gate constraints to raise fares than they have with 
airfield constraints.

Non-gate terminal constraints modify passenger activity differently than gate constraints. 
Non-gate terminal constraints, such as security or people-mover systems, directly affect passengers 
and then indirectly affect the airlines. Gate constraints directly affect the airlines and then indi-
rectly affect passengers. Since passengers will modify their behavior to accommodate potential 
chokepoints by increasing lead or lag times, airlines generally do not feel compelled to modify 
their schedules.

ACRP Report 25 contains several mini-queuing models that can be used to estimate the impact 
of constraints in ticketing, passenger screening, and Customs and Border Protection on passenger 
flow rates, in effect providing peak period constrained forecasts.

9.3 Landside Constraints

Landside constraints are similar to non-gate terminal constraints in that they directly affect 
the passenger and only indirectly affect the airlines. If the throughput capacity is less than peak 
demand, knowledgeable passengers will extend their lead times. If possible and reasonably 
convenient, some passengers will change their transportation mode to a mode less affected by 
the constraint.

Note that automobile parking demand and any associated constraints will have a different 
profile than other landside facilities. Parking is a function of cumulative demand rather than 
peak demand. Therefore, at many airports with a strong business passenger component, parking 
demand (number of spaces occupied) tends to peak during the middle of the week when the 
majority of resident business travelers are away, even though passenger enplanement and 
deplanement activity tends to be low at that time.

9.4 Policy Constraints

Policy constraints can be grouped into two general categories, direct and indirect. Examples 
of the former would be slot controls or noise curfews, wherein activity levels are directly spelled out. 
Indirect constraints would include restrictions that limit, but do not eliminate, the ability of airlines 
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to operate during sensitive timeframes such as times of congestion or nighttime. Examples of 
indirect constraints include peak period pricing or noise budgets.

9.4.1 Direct Policy Constraints

At first glance, peak period or operational profiles would appear to be easy to estimate by 
simply defining the peak period as the regulated limit. However, even with rigorous hourly slot 
systems, airlines have latitude to schedule at different times within an hour, so peak periods may 
vary within an hour. As noted earlier, the peak 60-minute period often differs from the peak 
clock hour, and slot restrictions typically apply to the clock hour.

In these instances, it is advisable to use the approach discussed in Chapter 8 for peak period 
operations. The effects of the slot system will be reflected in the distribution of daily operations; 
the remaining steps will be the same as in unconstrained airports. Note that in some instances, 
the restrictions do not apply to off-peak hours.

Strict noise curfews restrict the operations occurring during sensitive nighttime hours which 
may or may not correspond to the INM definition of night (10 PM to 7 AM). Typically, noise 
curfews do not apply until 11:00 PM or later, so there is still potential for nighttime operations. 
The approaches in Chapter 7 can be used to estimate day/night splits even with a noise curfew, 
but the impact of the noise curfew will need to be evaluated when developing assumptions on the 
expected increase or decrease in the percentage of nighttime operations. Airports with slot restric-
tions constrain activity during peak hours which typically occur during the day and therefore are 
more likely to shift activity to the nighttime than at an unconstrained airport. This should be taken 
into account when preparing assumptions on the increase or decrease of nighttime operations.

9.4.2 Indirect Constraints

The impact of congestion pricing initiatives on peak hour operations and operational profiles 
can theoretically be modeled by estimating airline elasticities of aircraft operations to operational 
costs. In this instance, the elasticity represents the percentage decrease in aircraft operations with 
each one percent increase in operational costs including landing fees. This may not work in reality, 
since cost concerns associated with a single aircraft operation may be superseded by network 
concerns and competitive factors. Assuming the anticipated congestion pricing initiative has 
adequate flexibility, identifying or estimating the congestion reduction goals and assuming that the 
pricing mechanism will be adjusted to meet those goals may be a more effective way of estimating 
peak period activity levels.

Noise budgets typically involve a fixed noise energy allowance which airlines cannot exceed, 
but have the flexibility of accommodating with either a few relatively noisy aircraft or a greater 
number of quieter aircraft. Forecasting operations in the times affected by the noise budget will 
require knowledge of future airline fleet plans and the noise characteristics of individual aircraft 
types. It is recommended that the planner consider surveying or interviewing the airlines to 
obtain their input.

9.5 Comments and Cautions

When preparing constrained operational profiles or peak period estimates, the following 
should be considered:

•	 At present, slot controls are the only demand management tools in use in the United States, 
and only at a very limited number of airports because they must be authorized by the federal 
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government. As a result of recent regulatory revisions, airports will soon have a greater menu 
of options to choose from when managing demand. The impacts on aircraft operation and 
passenger profiles will vary depending on the type of tool used. As of yet, there is no empirical 
base that can be used to estimate and calibrate airline and passenger reactions to new demand 
management tools.

•	 The FAA is becoming increasingly sophisticated in the real-time management of demand. 
For example, gate holds (aircraft instructed to remain at the gate by FAA air traffic control) are 
now employed when the FAA anticipates more airspace congestion than can be accommodated.

•	 In adverse weather, airlines will often cancel flights rather than accept extensive delay. This means 
that in some instances, operational profiles during adverse weather (IFR conditions) will contain 
fewer operations than operational profiles in good weather (VFR conditions) during the same 
time of year. Tower data can be used to estimate which types of flights tend to be cancelled 
under these conditions.

Addressing these issues is complex and highly dependent on the particular airport and con-
straint type. It may be beneficial to have professional consulting services analyze those types of 
changes.
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iFederal Aviation Administration, ASPMHelp website, July 17, 2009, http://aspmhelp.faa.gov/index.php/Glossary, 
accessed October 21, 2010.
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A.1 Introduction

The Toolbox package is designed to help the planner generate design day estimates, de-
sign day profiles, and peak period estimates quickly and efficiently. The toolbox is based on  
Microsoft Excel, and has been programmed without the use of macros to facilitate download-
ing and uploading. The package comes in two modules, one for aircraft operations, and one 
for passengers.

A.2 Aircraft Operations Module

The aircraft operations manual includes an introductory worksheet, two input worksheets 
and six output worksheets.

A.2.1 Introductory Worksheet

The introductory worksheet summarizes the potential uses of the module, and the orga-
nization of the input and output worksheets. A key part of the instructions is highlighted in 
Exhibit A.1. Yellow cells denote information that the user is required to enter if the Toolbox is 
to operate, orange cells indicate information that is required only for some of the Toolbox func-
tions, and violet cells indicate output. Other cells are protected, and do not change. Dropdown 
menus and error messages help guide the user to correctly enter data.

A.2.2 Input Worksheets

The first input worksheet, B. User Parameters (see Exhibit A.2), provides an opportunity for 
the user to provide input parameters to be tested.

The user must provide the following data or assumptions:

•	 A name for the scenario (optional). (A)
•	 Forecast of annual operations including all aircraft arrivals and departures. The user will 

choose the source of the data. If an analysis of multiple forecast years is required, a separate 
run will be required for each year. (B)

•	 Determine whether the operations to be analyzed are arrivals, departures, or combined 
arrivals and departures. To analyze both arrivals and departures separately, the Toolbox 
must be run twice. (C)

•	 Determine if the Average Day Peak Month (ADPM) will serve as the design day definition. (D)
•	 Type in the design day definition(s). For example, if the desired design day is defined as repre-

senting all but the 10 percent busiest days of the year, enter 10. As many as 7 different definitions 
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can be included, but only one is required. The top cell entry will determine the design day defini-
tion for which the design day profile will be calculated. If the ADPM is defined as the design day, 
the top cell will be blacked out. (E)

•	 Enter the peak period definition. There are six choices (10 minutes, 12 minutes, 15 minutes, 
20 minutes, 30 minutes, or 60 minutes). To analyze multiple definitions of the peak period, 
the Toolbox must be run multiple times. (F)

•	 Indicate whether the peak period analysis should identify the beginning or the end of the peak 
period. For example, if a 20 minute peak period runs from 10:25 to 10:45, the Toolbox will 
return 10:25 if a “Beginning” is selected and 10:45 if an “End” is selected. (G)

The second input sheet, C. Base Year Data (see Exhibit A.3), is where the base year data is 
entered.

The user will need to enter complete aircraft operations data for a representative day in 
columns A through D. The following data should be entered:

•	 The time of the aircraft operation (column A). The time should reflect the facility that is being 
analyzed. For example, an airfield analysis is typically based on runway times. OAG data pro-
vides gate times; therefore an airfield analysis would require that the user adjust the gate times 
to reflect the average taxi time from gate to runway for the specific airport under analysis.

•	 Whether the operation is an arrival (A) or departure (B) (Column B).
•	 The category of operation (passenger, cargo, GA, Military) (Column C).
•	 The aircraft type (Column D).

Note that only the first two columns are required. The Toolbox will still operate if Columns C 
and D are blank.

Potential sources of these data include OAG, PDARS, and Airport Noise and Operations 
Monitoring Systems (ANOMS) data. These data are typically organized so that each flight 
consists of a record. However, the fields (columns) may need to be reorganized to match the 
input requirements of the Toolbox.

Exhibit A.1
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Exhibit A.2
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Operations by day of the year should be entered in columns F through H. The following data 
should be entered:

•	 Date (Column F).
•	 Number of aircraft arrivals during the day (Column G).
•	 Number of aircraft departures during the day (Column H).

Total operations (Column I) are calculated by the Toolbox.

A.2.3 Output Worksheets

The operations module of the Toolbox provides six output worksheets.

The first output worksheet, D. Design Day Operations, provides the base year and future year 
design day operations based on the design day definitions entered by the user (see Exhibit A.4). 

Exhibit A.3
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Operations will be calculated for arrivals, departures, or combined arrivals and departures depend-
ing on the user parameter that was entered. The worksheet also provides annual operations and a 
calculation of ADPM and average annual day (AAD) operations. Note that base year and future 
year operations and design day definition are recorded in each output worksheet to assist the 
user in tracking scenarios.

The second output worksheet, E. Design Day Profile, provides a distribution of design day 
operations by hour for the base year and the future year in which no peak spreading is assumed. 
Therefore, the percentage distribution of operations is the same for the base year and the future 
year. The total operations in the design day profile correspond to the first entry in the C. Design 
Day Operations worksheet (two percent in the example in Exhibit A.5).

The third output worksheet, F. Design Day Profile—Spread, is similar to E. Design Day Profile 
but also incorporates a peak spreading element. The peak represents the average reduction in 
the magnitude of the “peaks and valleys” of the daily distribution as airports become busier. 
Note that the base year operations are the same as in the E. Design Day Profile worksheet, but 
the future year peaks are reduced (see Exhibit A.6).

Exhibit A.4
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Exhibit A.5
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Exhibit A.6
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Exhibit A.7

The fourth output worksheet, G. Peak Period, provides the rolling peak period correspond-
ing to each of the design day selections for the base year and the forecast year. In Exhibit A.7, 
the user selected a 15 minute peak period definition; the peak 15 minute operations during the 
two percent busiest day in the forecast year are estimated at 83 operations (A). This worksheet 
assumes no peak spreading.

The fifth output worksheet, H. Peak Period–Spread, is similar to the G. Peak Period work-
sheet except that it includes an adjustment for peak spreading in the forecast year. Therefore, 
in Exhibit A.8, peak 15 minute operations during the two percent busiest day in the forecast 
year are estimated at 70 operations (B).
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The final output spreadsheet (Exhibit A.9) provides a graphic representation of the design day 
profiles, including the base year design day profile, the forecast year design day profile without 
peak spreading, and the forecast year design day profile with peak spreading. The hourly per-
centage distribution of the base year and the forecast year without peak spreading is the same, 
so they are represented by the same line.

A.3 Passenger Module

The passenger module of the Toolbox consists of an introductory worksheet, two input work-
sheets, and nine output worksheets. The format is similar to the operations manual but contains 
more features.

Exhibit A.8
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Exhibit A.9
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A.3.1 Introductory Worksheet

The introductory worksheet summarizes the potential uses of the passenger module, and the 
organization of the input and output worksheets. The instructions differ slightly from those of 
the operations module because of additional burgundy colored cells that indicate that they have 
been rendered inactive by the user’s selection of data input (see Exhibit A.10). Dropdown menus 
and error messages help guide the user to correctly enter data.

A.3.2 Input Worksheets

The first input worksheet, B. User Parameters, allows the user to input the parameters that will 
determine the type of analysis performed.

The following inputs are required from the user.

•	 The name of the scenario being run (optional)(A).
•	 The forecast of future annual enplanements (50,000,000 in the example below) (B). The user will 

choose the source of the data. If an analysis of multiple forecast years is required, a separate run 
will be required for each year.

•	 Determine whether the passengers to be analyzed are arrivals (deplanements), departures 
(enplanements), or total passengers (combined enplanements and deplanements) (C). To 
analyze passenger arrivals and departures separately, the Toolbox will need to be run twice. 
Combined enplanements and deplanements (Both) are selected in Exhibit A.11.

•	 Determine if the ADPM will serve as the design day definition (D).
•	 Type in the design day definition. For example, if the desired design day is defined as rep-

resenting all but the 10 percent busiest days of the year, type in 10. As many as 7 different 
definitions can be included, but only one is required. The top cell entry will determine the 
design day definition for which the design day profile will be calculated. In Exhibit A.12, 
the design profile will be calculated for 2 percent busiest day (E), which corresponds to the 
seventh busiest day of the year (365 days × 2 percent).

Exhibit A.10
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Exhibit A.11

Exhibit A.12

•	 Type in the peak period definition. There are six choices (10 minutes, 12 minutes, 15 minutes, 
20 minutes, 30 minutes, or 60 minutes). In Exhibit A.13, 15 minutes has been selected. To 
analyze multiple definitions of the peak period, the Toolbox will need to be run multiple 
times. Appendix D provides suggestions on appropriate peak period definitions by facility 
category.

•	 Indicate whether the peak period analysis should identify the beginning or the end of the peak 
period. For example, if a 20 minute peak period runs from 10:25 to 10:45, the Toolbox will 
return 10:25 if a “Beginning” is selected from the drop down menu and 10:45 if an “End” is 
selected. In the example in Exhibit A.14, the end time of the peak period is selected (F).

•	 Provide the date for which the input schedule data (see C. Base Year Data worksheet) was 
obtained (G).

•	 Provide monthly enplanement data for each month for the airport being analyzed (H)  
(see Exhibit A.15).

•	 Provide the load factor adjustment factor for each day of the week at the airport under 
analysis (I). If the data are unavailable, default factors can be obtained from Appendix C.
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Exhibit A.13

Exhibit A.14

Exhibit A.15
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•	 Determine whether to analyze O&D passengers, or total (All) passengers from the drop 
down menu (J). If the user needs to analyze both passenger categories separately, he or she 
will need to run the model twice. The user has selected total passengers (All) in the example 
in Exhibit A.16.

•	 If an O&D analysis has been chosen, enter the average ratio of originations to enplanements (K). 
The cell was blacked out and a “Not Applicable” note appears in the example in Exhibit A.16 
because “All” was selected.

•	 Provide the lead and/or lag time distributions. Since both arrivals and departures were selected 
(see Exhibit A.11) both lead (L) and lag (M) time distributions must be entered. If arrivals 
were selected, the user would be prompted for lag times. If departures were selected, the user 
would be prompted for lead times. The lead time distribution is the percentage of passengers 
that arrive at an airport facility prior to enplaning, broken out by time intervals. Since lead 
times in the early morning (before 9:00 am) are often more compressed, the user has the option 
of entering two sets of lead times. In Exhibit A.17, before 9:00 am, one percent of enplaning 

Exhibit A.16

Exhibit A.17
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passengers arrive 10 minutes or less prior to scheduled aircraft departure, and five percent of 
enplaning passengers arrive between 10 and 20 minutes prior to departure. Also, one percent 
of deplaning passengers arrive at the facility 10 minutes after aircraft arrival and 10 percent of 
deplaning passengers arrive at the facility between 10 and 20 minutes after aircraft arrival. The 
distributions will depend on the facility under analysis. For example, curbside arrival will have 
a different lead time distribution from passenger security screening. Note that the user has the 
option of changing the time intervals (Columns D and J) in the input worksheet.

The second input sheet, C. Base Year Data (see Exhibit A.18), is where the base year data is 
entered.

Airline schedule information for a representative day should be entered in columns B through 
E including:

•	 The time of the aircraft operation (Column B).
•	 The number of seats in the aircraft (Column C).
•	 Whether the aircraft operation is an arrival (A) or departure (B) (Column D).
•	 The category of operation (commercial jet, other jet, turboprop, piston) (Column E).
•	 The aircraft type (Column F).

Exhibit A.18
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Note that only the first three columns are required. The Toolbox will still operate if Columns E 
and F are blank.

Scheduled seats by day of the year should be entered in Columns H through J. The following 
data should be entered:

•	 Date (Column H).
•	 Number of scheduled seat arrivals during the day (Column I).
•	 Number of scheduled seat departures during the day (Column J).

Total scheduled seat arrivals and departures (Column K) are calculated by the Toolbox.

A.3.3 Output Worksheets

The passenger module of the Toolbox provides nine output worksheets.

The first output worksheet, D. Design Day, provides the base year and future year design day 
passengers based on the design day definitions entered by the user. Passengers will be calculated 
for arrivals, departures, or combined arrivals and departures depending on the user parameter 
that was entered. The worksheet also provides annual passengers and calculations of ADPM and 
AAD passengers.

In the example in Exhibit A.19, the user has selected total passengers (as opposed to O&D 
passengers). In addition, combined arriving and departing passengers were selected. Therefore, 
the annual passengers shown in the example below are double the enplanement totals entered 
in worksheets A and B.

The second output worksheet, E. Design Day Profile—NS, provides a distribution of design day 
passengers by hour for the base year and the future year in which no peak spreading is assumed 
(see Exhibit A.20). Therefore, the percentage distribution of passengers is the same for the base 
year and the future year. The total passengers in the design day profile correspond to the first 
entry in the D. Design Day worksheet (two percent in this example).

The third output worksheet, F. Derivative Profile—NS, represents the design day profile with 
a lead or lag distribution function applied. The example in Exhibit A.21 includes both arriving 
and departing passengers, so a lead factor was applied to departing passengers and a lag factor 
was applied to arriving passengers. Although the total number of passengers is the same as in 
the E. Design Day Profile example, the distribution has changed because of the application of the 
lead and lag factors. This feature is useful for analyzing the impact of passengers on terminal 
facilities away from the gate. One example would be terminal curbs: enplaning passengers arrive 
at the curb significantly before their flight departs and deplaning passengers arrive at the curb 
sometime after their flight arrives.

The fourth output worksheet, G. Design Day Profile—PS, is similar to the E. Design Day 
Profile—NS worksheet but also includes a factor for peak spreading. The peak represents  
the average reduction in the magnitude of the “peaks and valleys” of the daily distribution of 
passengers as airports become busier. Note that the base year passengers are the same as in the 
E. Design Day Profile worksheet, but the future year peaks are reduced (see Exhibit A.22).

The fifth output worksheet, H. Derivative Profile—PS, is similar to the F. Derivative Profile—
NS worksheet but also includes a factor for peak spreading. The peak represents the average 
reduction in the magnitude of the “peaks and valleys” of the daily distribution of passengers as 
airports become busier. Note that the base year passengers are the same as in the F. Derivative 
Profile—NS worksheet, but the future year peaks are reduced (see Exhibit A.23).

The sixth output worksheet, I. Peak Period—NS, provides the rolling peak period correspond-
ing to each of the design day selections for the base year and the forecast year. In the example 
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Exhibit A.19

below, the user selected a 60 minute peak period definition. In the example in Exhibit A.24, peak 
60 minute passengers during the two percent busiest day in the forecast year are estimated at 
33,565 passengers. Note that the 60 minute peak is higher than the clock hour peak of 27,954 
indicated in the “G” worksheet (Exhibit A.22). This worksheet assumes no peak spreading.

The seventh output worksheet, J. Peak Period—Spread, is similar to the I. Peak Period—NS 
worksheet except that it includes an adjustment for peak spreading in the forecast year. There-
fore, in Exhibit A.25, peak 60 minute passengers during the two percent busiest day in the fore-
cast year are estimated at 31,652 passengers.

The final two worksheets, K. Charts—Design Day Profile, and L. Charts—Derivative Profiles, 
provide graphic representations of the results. Worksheet K (Exhibit A.26) shows three of the 
design day passenger profiles, including the base year design day profile, the forecast year design 
day profile without peak spreading, and the forecast year design day profile with peak spreading. 
Worksheet L (Exhibit A.27) provides a graphic representation of the derivative profile for each 
of the three cases.
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Exhibit A.20
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Exhibit A.21
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Exhibit A.22
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Exhibit A.23
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Exhibit A.24
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Exhibit A.25
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Exhibit A.26
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Exhibit A.27
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This appendix provides a listing of data that is useful for the preparation of peak period 
and operational profile estimates. Included are potential sources for the data, a description 
of the type of data and the level of detail that is provided, and any costs or restrictions that 
are associated.

B.1. Aircraft Operations Data

Each aircraft takeoff and landing is counted as an aircraft operation. The primary source 
of aircraft operations data is ATCT counts, which can be provided at varying levels of detail. 
Additional sources such as the Official Airline Guide and U.S. Department of Transportation 
Form 41 data are also available. Small airports without air traffic control towers typically do not 
record operations data. In those instances, operations data can be supplemented with acoustical 
counters, either year round or for representative periods, to assemble estimates of annual, busy, 
and peak period activity. Following are descriptions of potential secondary sources of aircraft 
operations data.

Official Airline Guide (OAG)
Sources Official Airline Guide http://www.oagaviation.com/
 Data Base Products, Inc. http://www.airlinedata.com/
Types of Data Published commercial airline schedule information including the pub-

lished carrier, operating carrier (which may differ from the published 
carrier under code-sharing agreements), flight number, aircraft type, ori-
gin and destination, flight itinerary, scheduled time of flight (departing 
and arriving at gate), and frequency during the week.

Level of Detail Disaggregated to the individual flight level.
Costs/Restrictions Includes no data for aircraft operators that do not publish a schedule. 

Vendors charge a fee to provide data.

FAA Operations Network (OPSNET)
Sources FAA Operations and Performance website http://aspm.faa.gov/
Types of Data Provides data on operations for all FAA and FAA-contracted towered 

airports in the United States. Operations are organized according to six 
categories: air carrier, air taxi, itinerant general aviation, local general 
aviation, itinerant military, and local military. IFR and VFR operations 
are included. Detailed delay data is also included.

Level of Detail Available on a daily, monthly, or annual basis, but is not on an hourly 
basis.

Costs/Restrictions Password restricted. Password must be obtained from FAA.

A p p e n d i x  B

Sources of Data

þÿ�P�r�e�p�a�r�i�n�g� �P�e�a�k� �P�e�r�i�o�d� �a�n�d� �O�p�e�r�a�t�i�o�n�a�l� �P�r�o�f�i�l�e�s ��G�u�i�d�e�b�o�o�k

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/22646


B-2  preparing peak period and Operational profiles—Guidebook

FAA Air Traffic Activity System (ATADS)
Sources FAA Operations and Performance website http://aspm.faa.gov/
Types of Data Provides data on operations for all FAA and FAA-contracted towered 

airports in the United States. Operations are organized according to six 
categories: air carrier, air taxi, itinerant general aviation, local general 
aviation, itinerant military, and local military. IFR and VFR operations 
are included.

Level of Detail Available on a daily, monthly, or annual basis, but is not on an hourly 
basis.

Costs/Restrictions None.

Enhanced Traffic Management System (ETMS)
Sources FAA Air Traffic Airspace Lab
Types of Data ETMS contains individual flight information such as the date, time, 

aircraft identity (flight number or N-number).
Level of Detail Disaggregated to the individual flight level.
Costs/Restrictions Not generally available to the public. Requires special request from 

the FAA.

Enhanced Traffic Management System Counts (ETMSC)—Airport
Sources FAA Operations and Performance website http://aspm.faa.gov/
Types of Data Airport summary that includes counts by day, month, or year including 

aircraft type, and user group at towered airports.
Level of Detail Available on a daily, monthly, or annual basis, but is not on an hourly 

basis.
Costs/Restrictions Password restricted. Password must be obtained from FAA.

Enhanced Traffic Management System Counts (ETMSC)—Distributed OPSNET
Sources FAA Operations and Performance website http://aspm.faa.gov/
Types of Data OPSNET operations by arrival, departure, and hour at towered airports. 

Includes commercial (combined air carrier and air taxi) general aviation, 
and military.

Level of Detail Available on an hourly, daily, monthly or annual basis.
Costs/Restrictions Password restricted. Password must be obtained from FAA.

Performance Data Analysis and Decision System (PDARS)
Sources FAA Office of System Capacity and NASA Aviation Safety Program
Types of Data ETMS contains individual flight information such as the date, time, 

aircraft identity (flight number or N-number) and origin/destination
Level of Detail Disaggregated to the individual flight level.
Costs/Restrictions Not generally available to the public. Requires special request that the 

FAA must approve.

Airport Noise and Operations Monitoring System (ANOMS)
Sources Individual airports that have had the system installed.
Types of Data Individual flight information such as the date, time, aircraft identity 

(flight number or N-number).
Level of Detail Disaggregated to the individual flight level.
Costs/Restrictions Varies by airport.

B.2. Passenger Data

Passenger data can be broken out in many ways, by arrival (deplaning) or departure (enplaning), 
by local (origin/destination) or connecting, and by domestic or international origin and destination. 
Below is a listing of potential sources of passenger data.
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Airline Origin and Destination Survey (DB1B, O&D Survey)
Sources Data Base Products, Inc. http://www.airlinedata.com/
 Official Airline Guide, http://www.oagaviation.com/%20/Solutions/

Analysis-Forecasting/OAG-Traffic-Performance-Analysis
 Bureau of Transportation Statistics, Research and Innovative Technol-

ogy Administration (RITA) http://transtats.bts.gov/Tables.asp?DB_ID= 
125&DB_Name=Airline%20Origin%20and%20Destination%20
Survey%20%28DB1B%29&DB_Short_Name=Origin%20and%20
Destination%20Survey

Types of Data 10 percent survey that contains the full routing for each passenger, 
including the origin, destination, and any connecting airports.

Level of Detail Airport, airline, and destination market by quarter and year.
Costs/Restrictions Available at no cost from RITA, vendors charge a fee. Only available 

for U.S.-flag carriers. To access international data requires special 
permission from USDOT.

Form 41 Traffic Statistics (T-100 Reports)
Sources Data Base Products, Inc. http://www.airlinedata.com/
 Official Airline Guide, http://www.oagaviation.com/%20/Solutions/

Analysis-Forecasting/OAG-Traffic-Performance-Analysis
 Bureau of Transportation Statistics, Research and Innovative Technol-

ogy Administration (RITA) http://transtats.bts.gov/Tables.asp?DB_ID= 
130&DB_Name=Air%20Carrier%20Summary%20Data%20
%28Form%2041%20and%20298C%20Summary%20Data%29&DB_
Short_Name=Air%20Carrier%20Summary

Types of Data Data on all passengers and cargo on U.S. and foreign flag carriers who 
are traveling on flight segments within the United States, and flight 
segments between the United States and foreign points provided by 
airport, airline, and equipment type.

Level of Detail Monthly and annual basis.
Costs/Restrictions Available at no cost from RITA, vendors charge a fee.

Marketing Information Data Transfer (MIDT) (Travel Agency booking data)
Sources The data is available for purchase through several different vendors.
Types of Data Booking data collected by flight coupon (flight segment, or boarding 

of an aircraft) so that the full routing is provided for each passenger, 
including the origin, destination, and any connecting airports.

Level of Detail Monthly and annual basis.
Costs/Restrictions Prices vary depending on the data requested.

IATA Billing and Settlement Plan (BSP) Data  
(Foreign Point-of-Sale Travel Agency ticketing data)
Sources Available for purchase through an IATA-designated vendor.
Types of Data Ticketing data is collected by flight coupon (flight segment, or boarding 

of an aircraft) so that the full routing is provided for each passenger, 
including the origin, destination, and any connecting airports used.

Level of Detail Monthly and annual basis.
Costs/Restrictions Prices vary depending on the data requested.

Airline Reporting Corporation (ARC) Data (U.S. Point-of-Sale Travel Agency ticketing data)
Sources Airline Reporting Corporation
 http://arctravelcard.com/solutions/industry-analysis.jsp
Types of Data Ticketing data organized by flight coupon (flight segment, or boarding of 

an aircraft) so that the full routing is provided for each passenger, includ-
ing the origin, destination, and any connecting airports used.
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Level of Detail Available for specific travel dates and specific flight numbers.
Costs/Restrictions Prices vary depending on the data requested.

B.3. Annual Forecasts

In addition to the following TAF detailed, annual forecasts can be obtained from airport 
master plans or other planning studies, regional or state system plans, and private vendors. 
Additional discussion of annual forecasts is provided in Chapter 2 of this Guidebook.

FAA Terminal Area Forecast (TAF)
Sources FAA Operations and Performance website http://aspm.faa.gov/
Types of Data Enplanements for air carriers and regional carriers. Operations by Air 

Carrier, Commuter/Air Taxi, Itinerant and Local General Aviation, 
and Itinerant and Local Military.

Level of Detail Annual.
Costs/Restrictions None.

B.4. Summary of Applicable Data Sources

The following exhibits provide a summary of the data sources that are likely to be useful in the 
preparation of alternative peak period and operational profile estimates.

Exhibit B.1.  Annual and monthly aircraft operations.

Activity Category  OAG T-100  ATADS ETMSC Airport  
Scheduled 
Passenger Carrier

F F T* F* I

Non-Scheduled 
Passenger Carrier

F T* F* I

All-Cargo Carrier F T* F* I
Air Taxi T* F* I
General Aviation T* F* I
Military  T* F* I

F = Fleet mix detail
F*= Fleet mix detail for instrument operations at towered airports.
T* = Total operations at towered airports.
I = Intermittent – available at airports that compile radar data as part of their noise

monitoring operations

Exhibit B.2.  Daily aircraft operations.

Activity Category  OAG T-100  ATADS ETMSC Airport  
Scheduled 
Passenger Carrier  

F  T* T* I 

Non-Scheduled 
Passenger Carrier  

  T* T* I 

All-Cargo Carrier    T* T* I 
Air Taxi   T* T* I 
General Aviation    T* T* I 
Military    T* T* I 

F = Fleet mix detail
F*= Fleet mix detail for instrument operations at towered airports.
T* = Total operations at towered airports.
I = Intermittent – available at airports that compile radar data as part of their noise

monitoring operations
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Activity Category  OAG T-100  ATADS ETMSC Airport  
Scheduled Passenger 
Carrier  

F   T* I 

Non-Scheduled 
Passenger Carrier  

   T* I 

All-Cargo Carrier     T* I 
Air Taxi    T* I 
General Aviation     T* I 
Military     T* I 

F = Fleet mix detail
F*= Fleet mix detail for instrument operations at towered airports.
T* = Total operations at towered airports.
I = Intermittent – available at airports that compile radar data as part of their noise

monitoring operations

Exhibit B.3.  Hourly aircraft operations.

Activity Category  OAG T-
100  

ATADS ETMSC Airport  

Scheduled Passenger  
Carrier  

F F  F* I 

Non-Scheduled 
Passenger Carrier  

 F  F* I 

All-Cargo Carrier   F  F* I 
Air Taxi    F* I 
General Aviation     F* I 
Military     F* I 

F = Fleet mix detail
F*= Fleet mix detail for instrument operations at towered airports.  Seats and

payload capacity for each aircraft would need to be obtained from alternate 
sources.

T* = Total operations at towered airports.
I = Intermittent – available at airports that compile radar data as part of their noise

monitoring operations. Seats and payload capacity for each aircraft would need 
to be obtained from alternate sources

Exhibit B.4.  Annual and monthly capacity (Seats for Passenger/
Payload Capacity for Cargo).

Activity Category  OAG T-100  ATADS ETMSC Airport  
Scheduled Passenger 
Carrier  

F    I 

Non-Scheduled Passenger 
Carrier  

    I 

All-Cargo Carrier      I 
Air Taxi     I 
General Aviation      I 
Military      I 

F = Fleet mix detail
F*= Fleet mix detail for instrument operations at towered airports.
T* = Total operations at towered airports.
I = Intermittent – available at airports that compile radar data as part of their noise 

monitoring operations

Exhibit B.5.  Daily aircraft capacity (Seats for Passenger/Payload 
Capacity for Cargo).
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Exhibit B.6.  Hourly aircraft capacity (Seats for Passenger/Payload 
Capacity for Cargo).

Activity Category  OAG T-100 ATADS ETMSC Airport  
Scheduled Passenger 
Carrier  

F    I 

Non-Scheduled Passenger 
Carrier  

    I 

All-Cargo Carrier      I 
Air Taxi     I 
General Aviation      I 
Military      I 

F = Fleet mix detail
F*= Fleet mix detail for instrument operations at towered airports. 
T* = Total operations at towered airports.
I = Intermittent – available at airports that compile radar data as part of their noise 

monitoring operations

Exhibit B.7.  Annual and monthly passengers/cargo.

Activity Category OAG T-100 ATADS ETMSC Airport 
Scheduled Passenger Carrier  F   I 
Non-Scheduled Passenger 
Carrier 

 F   I 

All-Cargo Carrier  F   I 
Air Taxi     I 
General Aviation     I 
Military     I 

F = Fleet mix detail 
F*= Fleet mix detail for instrument operations at towered airports. 
T* = Total operations at towered airports. 
I = Intermittent – available at airports that compile passenger and cargo statistics. 
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A p p e n d i x  C

Default Factors
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Index of Arriving (Deplaning) Seat Factors

FAA Hub Size Time Zone Sunday Monday Tuesday Wednesday Thursday Friday Saturday

Large Eastern 1.056 1.005 0.932 0.956 1.012 1.042 1.000

Central 1.043 1.076 0.968 0.906 0.950 1.038 1.020

Pacific 1.042 1.045 0.972 0.972 0.991 1.004 0.971

Medium Eastern 1.021 1.001 0.945 0.953 1.004 1.042 1.037

Central 1.046 1.083 0.953 0.933 0.970 1.040 0.973

Non Eastern 0.793 0.856 0.908 1.088 1.089 1.131 1.150

Central 1.073 1.092 0.968 0.941 0.894 1.039 1.013

Small Eastern 1.036 1.020 0.949 0.950 0.992 1.055 0.997

Central 1.042 1.020 0.989 0.964 0.982 1.036 0.966

Index of Departing (Enplaning) Seat Factors

FAA Hub Size Time Zone Sunday Monday Tuesday Wednesday Thursday Friday Saturday

Large Eastern 1.039 1.022 0.941 0.953 1.004 1.033 1.010

Central 1.000 0.974 0.913 0.963 1.044 1.095 1.012

Pacific 1.020 0.992 0.959 0.970 1.019 1.046 0.990

Medium Eastern 1.063 1.011 0.942 0.962 1.006 1.022 0.994

Central 1.030 0.992 0.910 0.962 1.070 1.079 0.956

Non Eastern 1.107 1.177 1.047 0.909 0.802 0.909 1.013

Central 0.908 0.923 0.957 1.046 1.121 1.056 0.999

Small Eastern 1.031 1.014 0.946 0.957 1.003 1.065 0.984

Central 1.033 0.964 0.953 1.020 1.033 1.038 0.962

Table C.1.  Index of enplaning and deplaning load factors (Seat Factors) by day of the week.
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Index of Total (Deplaning and Enplaning Combined) Seat Factors

FAA Hub Size Time Zone Sunday Monday Tuesday Wednesday Thursday Friday Saturday

Large Eastern 1.048 1.014 0.937 0.955 1.008 1.038 1.005

Central 1.022 1.025 0.941 0.935 0.997 1.067 1.016

Pacific 1.031 1.019 0.966 0.971 1.005 1.025 0.981

Medium Eastern 1.042 1.006 0.944 0.958 1.005 1.032 1.016

Central 1.038 1.038 0.932 0.948 1.020 1.060 0.965

Non Eastern 0.950 1.017 0.978 0.999 0.946 1.020 1.082

Central 0.991 1.008 0.963 0.994 1.008 1.048 1.006

Small Eastern 1.034 1.017 0.948 0.954 0.998 1.060 0.991

Central 1.038 0.992 0.971 0.992 1.008 1.037 0.964

Notes:       Sample includes data from airlines accounting for 20 to 30 percent of national

enplanements and includes 59 airports.

Large Airport Hub - accounts for 1% or more of total U.S. passenger enplanements
Medium Airport Hub - accounts for 0.25% to 1% of total U.S. passenger enplanements
Small Airport Hub - accounts for 0.05% to 0.25% of total U.S passenger enplanements
Non – Hub - accounts for 2,500 enplanements to 0.05% of total U.S. passenger enplanements

Source:   Oliver Wyman

Table C.1.  (Continued).

þÿ�P�r�e�p�a�r�i�n�g� �P�e�a�k� �P�e�r�i�o�d� �a�n�d� �O�p�e�r�a�t�i�o�n�a�l� �P�r�o�f�i�l�e�s ��G�u�i�d�e�b�o�o�k

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/22646


C-4  preparing peak period and Operational profiles—Guidebook

Index of Deplaning Load Factors (Seat Factors) by Time of Day

Index of Arrival (Deplaning) Load Factors 

Hour 
Large 

Eastern 
Large 

Central  
Large 
Pacific 

Medium 
Eastern 

Medium 
Central 

Small 
Eastern  

Small 
Central 

0000 -0059 0.982  1.048  0.917  1.008  1.012  

0100 -0159 0.987  0.928  

0200 -0259

0300 -0359

0400 -0459 1.168  1.169  

0500 -0559 1.103  1.059  

0600 -0659 1.003  1.182  

0700 -0759 0.902  0.593  0.946  

0800 -0859 0.949  0.772  0.723  0.832  0.843  

0900 -0959 0.926  0.888  0.919  0.853  0.829  0.771  1.006  

1000 -1059 1.035  0.949  0.932  0.864  0.899  0.891  1.019  

1100 -1159 0.985  0.879  1.078  1.005  0.942  0.951  0.805  

1200 -1259 1.039  1.064  1.070  1.042  0.996  1.012  0.866  

1300 -1359 1.030  1.018  1.066  1.010  1.086  1.059  1.050  

1400 -1459 1.040  1.036  1.044  1.007  1.026  1.033  1.018  

1500 -1559 1.039  1.077  0.983  1.026  1.039  1.101  1.086  

1600 -1659 1.065  1.054  0.867  1.026  1.098  1.038  1.023  

1700 -1759 1.018  0.957  1.062  1.081  1.079  0.998  1.158  

1800 -1859 1.028  1.044  1.044  1.075  1.053  1.074  1.184  

1900 -1959 1.004  1.017  1.025  1.003  0.961  1.028    

2000 -2059 0.958  1.026  1.054  1.036  1.041  1.027    

2100 -2159 0.884  1.023  1.025  0.986  0.985  0.984  0.973  

2200 -2259 0.921  1.080  0.888  0.974  1.028  0.994  1.014  

2300 -2359 1.015  0.996  0.972  1.104  1.019  0.980    

Notes: Sample includes data from airlines accounting for 20 to 30 percent of national enplanements and 
includes 59 airports.

Large Airport Hub - accounts for 1% or more of total U.S. passenger enplanements
Medium Airport Hub - accounts for 0.25% to 1% of total U.S. passenger enplanements
Small Airport Hub - accounts for 0.05% to 0.25% of total U.S. passenger enplanements
Non – Hub - accounts for 2,500 enplanements to 0.05% of total U.S. passenger enplanements

Source:   Oliver Wyman

Table C.2.  Index of deplaning load factors (Seat Factors) by time of day.
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Table C.3.  Index of enplaning load factors (Seat Factors) by time of day.

Index of Enplaning Load Factors (Seat Factors) by Time of Day

Index of Departure (Enplaning) Load Factors

Hour 
Large

Eastern
Large

Central
Large
Pacific

Medium
Eastern

Medium
Central 

Small 
Eastern 

Small 
Central 

0000 -0059

0100 -0159

0200 -0259

0300 -0359

0400 -0459

0500 -0559 0.850 0.983 1.033 0.774 1.093 1.009

0600 -0659 0.919 1.052 0.913 1.023 0.965 1.032 0.991

0700 -0759 0.922 1.053 0.999 1.028 0.995 1.065 0.944

0800 -0859 0.919 1.064 1.018 1.016 1.073 1.083

0900 -0959 1.004 1.038 0.872 1.131 0.999 1.340 1.052

1000 -1059 0.992 1.035 1.094 1.063 1.031 1.120 1.114

1100 -1159 1.049 0.958 1.048 0.978 1.047 1.163 1.076

1200 -1259 0.982 1.084 1.045 1.127 1.083 0.994 1.066

1300 -1359 1.023 1.002 1.003 1.020 1.085 1.116 1.077

1400 -1459 1.032 0.857 1.014 1.009 1.090 0.892 1.004

1500 -1559 1.028 1.068 0.958 0.993 0.981 1.053 0.967

1600 -1659 1.042 0.926 0.978 1.049 0.969 0.820 0.962

1700 -1759 1.057 0.927 0.966 0.939 1.001 0.888 0.950

1800 -1859 1.042 0.908 0.785 0.900 0.960 0.878 0.901

1900 -1959 0.983 0.851 0.814 0.880 0.849

2000 -2059 0.941 0.648 0.762 0.639

2100 -2159 0.963 1.019 0.697

2200 -2259 1.004 1.071

2300 -2359 0.934 1.004

Notes: Sample includes data from airlines accounting for 20 to 30 percent of national enplanements and 
includes 59 airports.

Large Airport Hub - accounts for 1% or more of total U.S. passenger enplanements 
Medium Airport Hub - accounts for 0.25% to 1% of total U.S. passenger enplanements 
Small Airport Hub - accounts for 0.05% to 0.25% of total U.S. passenger enplanements 
Non – Hub - accounts for 2,500 enplanements to 0.05% of total U.S. passenger enplanements  

Source:  Oliver Wyman
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A p p e n d i x  d

Suggested Peak Period Definitions 
by Facility Type
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Air Carrier: The FAA definition is an aircraft with seating capacity of more than 60 seats or a 
maximum payload capacity of more than 18,000 pounds carrying passengers or cargo for 
hire or compensation.

Air Taxi: The FAA definition is an aircraft designed to have a maximum seating capacity of  
60 seats or less or a maximum payload capacity of 18,000 pounds or less carrying pas-
sengers or cargo for hire or compensation. Small regional jets and turboprop aircraft in 
scheduled service are considered air taxi in FAA statistics.

Aircraft Operation: An aircraft take-off or landing.

Aviation Environmental Design Tool (AEDT): An environmental analysis tool for noise and air 
quality being developed for the FAA that will replace the INM and EDMS models.

Airport Cooperative Research Program (ACRP): Program authorized by Congress and sponsored 
by the FAA with the goal of developing near-term, practical solutions to problems faced by 
airport operators.

Air Traffic Activity System (ATADS): A summary of tower counts that includes itinerant air 
carrier, air taxi, general aviation, and military operations, along with local civil and military 
operations, on a daily, monthly and annual basis.

Air Traffic Control Tower (ATCT): A structure from which air traffic control personnel control 
the movement of aircraft on or around the airport.

Average Day in the Peak Month (ADPM): Defined as peak month passengers or operations divided 
by the number of days in the month.

Average Weekday in the Peak Month (AWDPM): Defined as the number of weekday passengers 
or operations in the peak month divided by the number of weekdays in the peak month.

Bag Claim Device: Typically a mechanical device designed to hold and display checked luggage 
for passengers to claim upon arriving at their destination airport.

Belly Hold: Portion of aircraft below the passenger compartment frequently used to store luggage 
and cargo.

Clock Hour: A 60 minute period that begins at the beginning of the hour. For example 1:00 pm 
through 1:59 pm represents a clock hour; 1:35 pm through 2:34 pm does not.

Cloning: A process of expanding a design day schedule by duplicating flights, usually including 
a small random adjustment to the flight time to avoid exact duplication.

A p p e n d i x  e

Glossary

þÿ�P�r�e�p�a�r�i�n�g� �P�e�a�k� �P�e�r�i�o�d� �a�n�d� �O�p�e�r�a�t�i�o�n�a�l� �P�r�o�f�i�l�e�s ��G�u�i�d�e�b�o�o�k

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/22646


E-2  preparing peak period and Operational profiles—Guidebook

Connecting Bank: A group of aircraft, operated by a single airline system, which arrives at an 
airport within a narrow time interval, exchanges passengers, and then departs, also within a 
narrow time interval.

Customs and Border Protection (CBP), U.S.: Agency under the U.S. Department of Homeland 
Security (DHS) with the priority mission of keeping terrorists and their weapons out of the 
United States. It also has a responsibility for securing and facilitating trade and travel while 
enforcing U.S. regulations, including immigration and drug laws.

Data Input Day: A representative day, for which detailed schedule or operational data is avail-
able, used to determine passenger and operational distributions in design day profiles. The 
data input day does need to exactly correspond to the design day.

Day/Night Split: Distribution of aircraft operations between daytime (7 am to 10 pm) and night-
time (10 pm to 7 am).

Departure Lounge: Interior area within an airport terminal where passengers wait just prior to 
boarding aircraft.

Deplane (Deplanement): Act of getting off an aircraft; passenger getting off an aircraft.

Derivative Operational Profiles: Operational profiles that are derived from the traditional pas-
senger and aircraft operation profiles, usually by applying a lead or lag factor, to assess loads 
on specific terminal or landside facilities.

Design Day: A representative busy day selected for planning, intended to strike a balance between 
providing capacity for most periods without incurring the cost of designing for the single 
busiest day of the year.

Design Day Schedule: A constructed schedule showing individual aircraft arrivals and departures 
by time of day and aircraft type, which can also show airline, origin/destination, and passen-
gers associated with each flight, depending on the level of detail required.

Domestic Travel: Typically, that portion of air travel within the borders of a particular country; 
may also include travel from pre-clear origins within Canada and the Caribbean.

Emissions and Dispersion Modeling System (EDMS): Model currently used to estimate airport air 
quality impacts.

Enplane (Enplanement): Act of boarding an aircraft; passenger getting on an aircraft.

Enhanced Traffic Management System (ETMS): FAA database of instrument flight operations 
that includes airline, aircraft type, and time and location of origin and destination.

Enhanced Traffic Management System Counts (ETMSC): Publicly available summary of ETMS 
data.

EPA: Environmental Protection Agency.

Fare Class: Typically, premium or first class tickets and less expensive coach tickets.

Federal Aviation Administration (FAA): Agency under the U.S. Department of Transportation, 
responsible for both ensuring safety of and promoting aviation industry.

Federal Inspection Service (FIS): Facility operated by U.S. CBP, designed to process arriving 
international passengers and their luggage.

Fratar algorithm: A method of distributing projected traffic growth by route while ensuring that 
projected totals in each market are met and that time-of-day distributions in each market 
remain unchanged.
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Gate: Passageway through which passengers embark or disembark from an aircraft.

General Aviation: The FAA defines general aviation as take-offs and landings of all civil aircraft, 
except those classified as air carriers or air taxis.

Hub Airport: General industry definition is an airport at which a significant amount of connect-
ing passenger activity occurs. Also an FAA classification of airports according to how many 
passengers they accommodate annually.

IFR Flights: Fights operated under instrument flight rules which indicate that the pilot is autho-
rized to fly by instruments under conditions where visibility is impaired.

Integrated Carrier: All-cargo carriers, such as FedEx and UPS, which provide door-to-door service 
including freight forwarding and ground transportation.

Integrated Noise Model (INM): Model used to estimate airport noise impacts.

International Travel: Typically, that portion of air travel outside the borders of a particular country.

Lag Time: The interval between the time an aircraft arrives at a gate and the average time a deplan-
ing passenger arrives at a given airport facility.

Lead Time: The interval between the time an enplaning passenger arrives at a given facility, such 
as a ticketing kiosk, and the time his or her flight departs the gate.

Level of Service (LOS): A measure of the quality of service provided by a facility. For example, as it 
relates to terminals, LOS A would be defined as no congestion, free-flow and excellent level of 
comfort, and LOS F would be defined as extreme congestion, unstable flow with unacceptable 
delays, near system breakdown and unacceptable level of comfort.

Master Plan: Document outlining the general, long-term development strategy for a facility to 
meet projected activity.

Nautical Mile: A unit of measure equal to 1.15078 statute miles.

Non-revenue Passenger: Typically, airline passenger or family member working for the airline 
industry flying at no cost. Frequent flyer passengers flying on award tickets are classified as 
revenue passengers in US DOT statistics.

O&D—Origin and Destination Passenger Traffic: See definitions of originations and terminations.

Official Airline Guide (OAG): Provides a database for scheduled airline activity; available in hard 
copy (monthly) or electronically.

Operational Profile: The distribution of arriving and departing passengers or aircraft operations 
by time of day during the design day. It can be a design day profile, a design schedule, or a 
day/night stage length distribution.

Operations Network (OPSNET): FAA source of data that provides information on operations for 
all FAA and FAA-contracted towered airports in the U.S.

Originations: Passengers who are beginning their air travel at an airport, having arrived by some 
form of ground transportation.

Noise Integrated Routing System (NIRS): A noise evaluation system designed to provide an analysis 
of air traffic changes over large regions

Passenger Security Screening Checkpoint (PSSCP): Operated by TSA, a screening checkpoint 
examines both passengers and their carry-on belongings for items that are banned from the 
passenger compartment of a commercial aircraft.
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Peak Period: A period of time, often called the peak hour, representing the typical high flow 
of passenger or aircraft operations activity that must be accommodated by a given airport 
facility. Like the design day, it is intended to strike a balance between providing capacity for 
most periods without incurring the cost of designing for the single busiest period of the year.

Peak Spreading: The tendency of peaks of passengers and aircraft operations to decline as a 
percentage of daily activity, as an airport becomes busier.

Performance Data Analysis and Reporting System (PDARS): Joint FAA/NASA program for track-
ing flight data to measure facility performance.

Pre-cleared Airport: An international airport where passengers headed for the United States 
can go through the CBP process, thereby avoiding processing upon landing at their U.S. 
destination.

Processing Rate: Number of entities that a single resource can process in a given unit of time.

Processing Time: Time interval between the beginning of a process on one entity and the begin-
ning of a process on the next entity, assuming a constant rate of demand and a queue.

Regional Carrier: Airlines that operate small aircraft, usually under contract or a code-sharing 
agreement with a larger air carrier. Historically, regional carriers have operated aircraft with 
fewer than 60 seats, but they are increasingly operating aircraft with 70 or more seats.

Revenue Passenger: Passenger paying a fare on a flight; includes passengers traveling on redeemed 
frequent flier miles.

Scaling: A process by which a mix of aircraft operations or passengers is increased or decreased 
proportionately to match a target level.

Scheduled Seat Arrivals: The sum of the seats in each scheduled arriving passenger flight over a 
given period of time.

Scheduled Seat Departures: The sum of the seats in each scheduled departing passenger flight 
over a given period of time.

Seat Factors: Also known as enplaning or deplaning load factors. They are calculated by divid-
ing passenger enplanements by aircraft seat departures or dividing passenger deplanements 
by aircraft seat arrivals. Seat factors differ slightly from load factors which are calculated by 
dividing revenue passenger miles by available seat miles.

SIMMOD: Computerized airport and airspace SIMulation MODel.

Spoke Airport: An airport where almost all passenger traffic is O&D.

Stage Length: The distance an aircraft travels between take-off and landing.

Standard Instrument Departure (SID): Published flight procedures for aircraft on an IFR flight 
plan immediately after take-off.

Standard Terminal Arrival Route (STAR): Published flight procedures for aircraft on an IFR 
flight plan immediately preceding landing.

TAAM: Total Airport and Airspace Modeler—a computerized simulation model.

Terminal Area Forecast (TAF): Annual FAA forecast of passenger and operations activity at 
approximately 3000 airports in the United States

Terminations: Passengers who are ending their air travel at an airport and are leaving by some 
form of ground transportation. (Also, destinations.)
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Throughput Capacity: The maximum number of units (passengers or aircraft operations) that 
an airport facility can process within a specified time interval.

Transportation Research Board (TRB): Part of the nonprofit National Research Council; pro-
vides leadership in transportation innovation and progress through research and informa-
tion exchange.

Ticket Counter/Check-in Counter: Portion of airport terminal where departing passengers purchase 
tickets, check in for flights, change itineraries, etc.

Transportation Security Administration (TSA): Responsible for protecting the U.S. transportation 
system; operates under the DHS.

Turnaround-time: The time interval between an aircraft’s arrival at the gate and its departure. 
Typically refers to the minimum time needed to prepare an arriving aircraft for its out-
bound flight.

VFR flights: Flights operated under Visual Flight Rules which indicate that visibility and weather 
conditions are such that the pilot can see where the aircraft is going.

Visual Meteorological Conditions (VMC): Weather conditions under which VFR flights are 
permitted.

Wingtip-to-wingtip flights: Multiple flights scheduled by a single airline between a single market 
pair within a few minutes of each other, typically within the same connecting bank.
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Abbreviations and acronyms used without definitions in TRB publications:

AAAE American Association of Airport Executives
AASHO American Association of State Highway Officials
AASHTO American Association of State Highway and Transportation Officials
ACI–NA Airports Council International–North America
ACRP Airport Cooperative Research Program
ADA Americans with Disabilities Act
APTA American Public Transportation Association
ASCE American Society of Civil Engineers
ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Materials
ATA American Trucking Associations
CTAA Community Transportation Association of America
CTBSSP Commercial Truck and Bus Safety Synthesis Program
DHS Department of Homeland Security
DOE Department of Energy
EPA Environmental Protection Agency
FAA Federal Aviation Administration
FHWA Federal Highway Administration
FMCSA Federal Motor Carrier Safety Administration
FRA Federal Railroad Administration
FTA Federal Transit Administration
HMCRP Hazardous Materials Cooperative Research Program
IEEE Institute of Electrical and Electronics Engineers
ISTEA Intermodal Surface Transportation Efficiency Act of 1991
ITE Institute of Transportation Engineers
NASA National Aeronautics and Space Administration
NASAO National Association of State Aviation Officials
NCFRP National Cooperative Freight Research Program
NCHRP National Cooperative Highway Research Program
NHTSA National Highway Traffic Safety Administration
NTSB National Transportation Safety Board
PHMSA Pipeline and Hazardous Materials Safety Administration
RITA Research and Innovative Technology Administration
SAE Society of Automotive Engineers
SAFETEA-LU Safe, Accountable, Flexible, Efficient Transportation Equity Act: 
 A Legacy for Users (2005)
TCRP Transit Cooperative Research Program
TEA-21 Transportation Equity Act for the 21st Century (1998)
TRB Transportation Research Board
TSA Transportation Security Administration
U.S.DOT United States Department of Transportation
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