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Presentation

• Aviation demand (historical perspective)
• Forecast methods
• Constrained demand
• Examples
• Conclusions
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Introduction

• Demand forecast is part art and part science
• Demand forecasts have substantial amount of uncertainty
• Most airport and aviation forecasts are off by 25% in 5 

years (deNeufville and Maldonado)
• Demand should be estimated for multiple airport 

development scenarios
• Estimate demand uncertainty and include alternatives that 

will minimize the investment risk for the airport authority
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Why so Much Demand Uncertainty?

• Many exogeneous factors
• Deregulation, low cost carriers
• Terrorism
• Uncertainty in the economy of the country or 

regions of the World
• Environmental impacts and constraints
• Multi-airport competition
• Political factors
• Demographic changes and land use
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Impact of Demand Uncertainty

• We need to develop multiple scenarios in how the 
airport will develop

• Plan the development of the airport so that 
demand changes can be accomodated with 
minimum risk

• Decision analysis is a tool used to examine 
multiple demand forecast solution

CEE 4674 – Airport Planning and Design (copyright A. Trani)



6

Goodness of Airport  Aviation 
Forecasts

• Percent Absolute Error of FAA Terminal Area Forecast (Five year 
forecast)

6

Source:  Friedman 
2004

Average 5-
year forecast 

is 20% off 
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Uncertainty in Aviation Forecasts 
Applies to Many Markets

• Average difference between a 5-year forecasts and actual 
international passenger demand was 22% 

• Average difference between a 10-year forecasts and actual 
international passenger demand was 40% (Nishimura, 1999) 

Source:of map
http://www.yadyad.com
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United States Airport Master Plan 
Forecasting Experience

• Longer term forecasts have higher inaccuracies than short-term 
forecasts 

Source:  Maldonado 
1990
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Example Volatility in Airport Demand
(Cincinnati International Airport - CVG)

• Cincinnati was a hub for Delta Airlines
• Delta moved its hub operations from CVG in 2005

Source:  FAA Terminal Area Forecast 2013

1998 
Forecast

Actual Passenger 
Demand
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Example: Passenger Enplanement 
Forecasts for Atlanta International Airport 

Source:  ACRP 76
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Example Volatility in Airport Demand
(Saint Louis International Airport)

• St. Louis was a hub for Trans World Airlines (TWA)
• TWA merged with American Airlines in 2001

Source:  FAA Terminal Area Forecast 2013

TWA merges with 
American Airlines

American Airlines
cuts flights in half

Master plan
suggest a 

new
runway 
needed

1997 Forecast

New runway
construction
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Example Volatility in Airport Demand
(Saint Louis International Airport)

Source:  FAA Terminal Area Forecasts

2001 Forecast

New runway
construction

2002 Forecast

2009 Forecast

1998 Forecast

2013 Forecast

• St. Louis passenger demand forecasts over time
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Saint Louis International Airport
• Saint Louis International added a new runway (at the 

cost of 1.02 billion dollars in 2005)

Source:  http://www.thebhc.org/publications/BEHonline/2011/rust.pdf

New runway 11-
29 

added in 2005

Acquisition of 
1600

acres and 2300 
homes (5,680 

people affected)
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Example Volatility in Airport Demand
(Bellingham International Airport - US)

Source:  FAA Terminal Area Forecasts and BLI Data

2003 Forecast

2013 Forecast

2001 Forecast

• Demand at Bellingham has developed more rapidly than 
anticipated due to flight by a Low Cost Airline (Allegiant Air) 

United 
Express 
airlines
leaves 

the 
airport

Allegiant 
Air starts 
service at 
the airport
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Summary of Airport Forecast 
Accuracy

• Previous studies suggest airport forecasts are 
off by an average 20-23% in five years

• Longer-term forecasts (15 years) can be off 
by an average absolute error of 76%

• For this reason, airport planning should rely 
on careful examination of various alternatives

• Short-term forecasts can favor mathematical 
models

• Long-term forecasts require both modeling 
and also common sense (i.e., expert opinion) 
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Dealing with Airport Forecast 
Uncertainty

• Airport master planning is not a linear process: Risk 
assessment is key in today’s airport planning 
environment

• Strategic thinking requires a solid understanding of the 
airport/airline industry in the context of the airport 
development

• Airport are connected systems and thus affected by 
other airports in a national and international 
environment 

• National government directed plans are rare in today’s 
competitive airport environment

• Flexible or dynamic strategic airport planning requires 
an assessment of risk and financial planning 
simultaneously
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Techniques to Deal with Airport 
Demand Uncertainty

• Data-driven approaches
– Low-High forecast
– What-if analysis
– Sensitivity analysis
– Prediction intervals in Time-Series methods
– Extrapolation of empirically observed errors
– Distribution fitting and Monte Carlo simulation

• Judgement procedures
– Delphi techniques
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Example of Sensitivity Analysis Applied to a 
Forecast of General Aviation Demand in the US

Li and Trani, 2013

$80 per barrel $120 per barrel
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Airport Cooperative Research Program 
Method to Address Airport Demand Uncertainty 

• Multi-step process to deal with airport demand 
uncertainty

• Step # 1 - Identify risk and 
uncertainty

• Step # 2 - Quantify 
cumulative impacts

• Step # 3 - Identify risk 
response strategies

• Step # 4 - Evaluate 
response strategies

• Step # 5 - Risk tracking 
and evaluation

Source:  Airport Cooperative Research Program Report 76
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Methodology and Its Variations to Deal 
with Airport Demand Uncertainty 

Source:  Airport Cooperative Research Program Report 76
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Step # 1: Sources of Airport 
Forecast Uncertainty

• Global, regional or local economic conditions
• Airline strategy changes
• Low cost carrier market share growth
• Multi-airport systems competition
• Technology changes
• Social and cultural factors
• Exogenous shock events
• Regulatory and government policies
• Statistical model errors
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Step # 1: Summary Plot of Risks and 
Uncertainties

Source:  Airport Cooperative Research Program 
Report 76

Determination of 
impacts and 
probabilities

can be derived from 
historical data or 
though elicitation 

(survey)
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Step # 2: Assess Cumulative Impacts

• This steps “integrates the risks identified in Step 1 
into a structural model of uncertainty” (ACRP 76)

• Structured, logic or causal diagrams can be used to 
explain the causality between model variables

• Quantifying the cumulative impacts requires:
– Monte Carlo simulation
– Scenario analysis 

Source:  Airport 
Cooperative Research 

Program Report 76
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Step # 3: Risk Response Strategies
• This steps identifies “risk and uncertainties facing 

the airport as threats and opportunities.”
• Quantifying threats and opportunities requires:

– Anecdotal evidence
– Judgement 

Source:  Airport 
Cooperative Research 

Program Report 76

This step 
establishes 

trigger points 
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Step # 4: Evaluate Risk Response 
Strategies

• This steps quantifies “threats and opportunities 
facing the airport.” (ACRP 76)

• Specific goals are:
– Identify the highest value risk response strategy
– Demonstrate robustness over a wide range of 

outcomes
– Determine value for money

• Quantifying threats and opportunities requires:
– Anecdotal evidence
– Judgement 

Source:  Airport 
Cooperative Research 

Program Report 76
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Step # 4: Evaluate Risk Response 
Strategies

Source:  Airport 
Cooperative Research 
Program Report 76

Approaches to 
evaluate risk 
response strategies:

• Judgement
• Monte Carlo 

simulation
• Decision tree 

analysis
• Economic 

techniques (NPV, 
CBA, etc.)
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Step # 5: Risk Tracking

• This steps “is an ongoing process of review, 
revision, and engagement.” (ACRP 76)

• Specific goals are:
– Continually assess the risk environment facing 

the airport
– Identify new or changing risks, and
– Take action where necessary

• Actions
– Periodic updates
– Airport benchmarking

27

Source:  Airport 
Cooperative Research 

Program Report 76
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• Demand can be expressed as the number of passengers 
that travel or the number of flights in a given unit of time 

• Demand is sensitive to airline fares and level of service 
attributes

• The number of operations depends on how operators 
shoose to the serve the existing demand (supply side) 
which leads to canges in operator price, schedules, 
amenities, etc.

• Reasons for travel
• Business
• Pleasure (vacation)

• A passenger reacts differently if he/she pays for the trips 
than if someone else pays 

The Basic Idea Behind Demand Forecast
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Observations
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Measures of Demand, Supply and 
Efficiency

Demand
• Revenue Passenger Enplanements (RPE) = The total number of 

passengers boarding an aircraft
• Revenue Passenger Miles (RPM) = revenue passenger enplanements 

multiplied by the distance flown by the passenger

Capacity
• Flights Departures (FD) offered = number of departures (flights)
• Available Seat Miles (ASM) = number of seats offered by airlines multiplied 

by the miles flown by each flight

Productivity
• Load factor = ratio of RPM and ASM
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Source of data: Bureau of Transportation Statistics

The number of passengers enplaned tripled between 1976 and 2006

Historical Aviation Demand in the U.S.
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Growth of Passenger Enplanements 
(1976 to 2006)

Source of data: FAA Terminal Area Forecast

Virginia Tech Air Transportation Lab
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• The figure shows observed enplanement growth factors for the top
287 airports in the U.S. between years 1976 and 2006

• Note that some airports in this figure show extremely high growth
factors

• Chicago Midway (MDW) is an example of such growth
• In 1976 Midway had 12,624 enplanements with Chicago O’Hare

experiencing robust traffic levels above 18 million enplaned
passengers during the same year

• After the airline deregulation and with traffic pressures increasing at
Chicago O ’ Hare, traffic at Midway increased to 191,946
enplanements by 1980 and soared to 8.6 million in 2006.

Observations (1976 to 2006)



36

Growth in the Number of Operations - Flights 
(1976 to 2006)

Source of data: FAA Terminal Area Forecast

GIS Plot by Virginia Tech Air Transportation Lab
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• The figure illustrates the observed growth factors of the top 287
airports with commercial service between 1976 and 2006

• 50% of the airports experienced a decrease in flight operations
(arrivals and departures) between 1976 and 2006
– Twenty medium hub airports
– Forty-five are small hubs
– Ninety are non-hubs

• This trend has increased the volume-over-capacity ratio point at
which such airports operate, thus increasing delays

• Large hub airports have achieved consolidation
• Consolidation trend:

– In 1976 sixty three percent of the enplanements in the nation occurred
at large hub airports

– In 2006 that number rose to seventy percent according to FAA statistics

Some Observations
(1976 to 2006)
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Location of Airports in the U.S. System
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Results of Historical Travel Survey
(American Travel Survey)
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Travel Propensity with Time

40

Source of data: Bureau of Transportation Statistics

Analysis by Virginia Tech Air Transportation Lab (Henderson and Trani, 2006)
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Travel Trends (>100 millas)
(U.S. American Travel Survey)
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Household Income Distribution in U.S.
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Intercity Travel

• Aquellos de mas de 100 millas (de ida) distancia 
en ruta
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Our Final Objective
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Demand Estimation Techniques

• Aggregate Models - use socio-economic variables such 
as (GDP) and fare to predict aviation demand
– Causality between socio-economic factors and aviation 

demand
– Examples are the FAA Terminal Area Forecast (TAF)

• Individual choice modeling of travel demand
– People choose a mode (airline, GA, auto, rail bus, etc.) based 

on full price of travel, which includes: 
– Travel time
– Out of pocket travel costs
– Access time and cost
– Trip purpose (business vs. non-business)

– The TSAM mode choice model  employs this framework
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Aviation Forecast Techniques

• Expert opinion
• Extrapolation techniques
• Market share analysis
• Econometric models  
• Competing mode models
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Trend Extrapolation Techniques
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Trend Extrapolation Techniques (II)
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Transforming Non-linear Models
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Trend Extrapolation Methods



51

General Observations

• The logistic model is perhaps the best for long-
term behavior

• The capacity of the airport (or the system) can be 
stated in the logistic model

• The linear model can be used in short-term 
planning

• The exponential model can only be used for short 
to medium range forecasts
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Example of a Logistic Model (I)

• Grilihes developed a logistic model to estimate the 
demand for passengers at Belgrade airport

• Where: D(t) is he demand as a function of time (t) 
and t represents the time variable

• This model was derived using data from 1962 to 
1978
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Example of a Logistic Model (II)

• Lundtorp developed a model to estimate the 
number of leisure Danish passengers traveling to 
Portugal via air mode

• Where: AP is the number of annual passengers 
traveling from Denmark to Portugal

• The model was derived using historical data from 
1976 to 1986
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Another Example for Us to Do

• Airport: Chicago Midway (MDW)
• Web Site for historical data: Terminal Area 

Forecast (available at): 
http://aspm.faa.gov/main/taf.asp

• Required software: Microsoft Excel Solver
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Chicago Midway (MDW)

55

source: Google Earth TM

Airport Terminal
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Layout of Midway Airport (MDW)
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source:
www.flightaware.com
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Chicago Midway (MDW)
• Historical data of annual passengers for Chicago 

MDW airport
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Projection without Capacity Constraints

• The graph illustrates the unconstrained projection  
of the FAA Terminal Area Forecast (TAF)
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Forecast
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• MDW demand has increased by orders of 
magnitude since 1976

• In 1976 MDW processed 12,626 passengers
• In 1984 MDW processed a million enplanements
• In 2006 MDW processed 8.8 millions 

enplanements

• Can the demand grow in the future to justify our 
investment?

59

Observations for MDW Airport 

CEE 4674 – Airport Planning and Design (copyright A. Trani)



Preliminary Analysis
• MDW has 42 

gate boarding 
positions  
distributed into 
two terminals 

• The airport has 4 
runways with 
6,500 pies in 
length (1,981 
m.)
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Analysis

• Due to the proximity of MDW and other New York 
airports (La Guardia and Kennedy), the airport 
might be open at night

• Suppose we want to project the future using the 
same model 

• Where k is estimated to be 15 million passengers 
and D(t) is the demand in annual passengers

61



The Idea Behind the Model 

• To create a logistic model we need to find the 
values of a, b y k  so that the sum of square 
errors is minimized

• The values of a, b y k can be found using Excel 
Solver or a dedicated statistical packages like 
Minitab, SAS, SPSS, etc.  
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Analysis for Chicago MDW
• Historical data for MDW example (Excel)
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Analysis for MDW Airport
• Calculate the demaqnd according to the logistic 

model
• Initially assume any values for a and b (for 

example, assume a = 1 and b = 1)

64

Model Error (between Model and 
historical demand)

Sum of the square 
errors
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Excel Formulas

65

Error (difference between the Model and 
historical demand)



Complete Spreadsheet
(to develop a logistic regression)

66

Sums of square errors
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Excel Solver is Used to Estimate 
Parameters of the Demand Model
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Graphic User Interface in
Excel Solver

68

Minimize cell 
G34

(least square method)

Cells allowed to change
(J7 y J8)
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Final Solution with Excel Solver

69

Final values of
Coefficientes a y b

NOTE: the value k represents the
ultimate capacity of the airport
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Validation of Model
(Model vs Historical Data) 
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Market Share Models
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Econometric Models
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Definition of Econometric Models
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Econometric Models
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Econometric Models
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Sample of an Econometric Model
(Gohbrial y Kanafani, 1995)
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Sample of an Econometric Model
(Gohbrial y Kanafani, 1995)
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Sample of an Econometric Model
(Gohbrial y Kanafani, 1995)
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Other Models 

Forecasts by the FAA
and Boeing
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FAA National Level Model

• Domestic traffic and revenue
• Reconcile TAF and national level model (TAF 

should be within 0.5% of national level forecast)
• Top-Down model

– Inputs: GDP, PCE, Unemployment rate, ticket tax, real 
oil price, 911 dummy, post 911 dummy, segment fee)

– Assume based on trends: passenger trip length, load 
factors

– Outputs: RPMs, ASMs, real yield, enplanements, unit 
costs 

• Perform the analysis for legacy, low cost and 
regional carriers (definitions of these are 
unknown)
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Internacional Markets

• By region of the world
• Explanatory variables vary by region
• For example:
• North Atlantic Traffic = f(US and Europe GDP, Gulf War 

dummy, passengers (t-1))

• Once demand is estimated, the FAA predicts:

• ASM, aircraft stage length, seats/aircraft, departures
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FAA Terminal Area Forecast (TAF)
• Predicts the number of passengers across all 

NPIAS airports

• Web site: http://aspm.faa.gov/main/taf.asp
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Sample TAF Information for MDW
(Chicago Midway – MDW)

83

Behind an analytical mind, there is always room for keeping over the weekend
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Boeing Commercial Outlook (BCO)

• 20 year forecast
• 3-level forecast
• All jets 30 seats and over

• Boeing forecasts RPKs (Revenue Passenger 
Kilometers)
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BCO Methodology

• Forecast matches traffic derived from GDP 
growth

• Considers network and airline fleet plans

• 142 airlines modeled individually
• Includes cargo, charter and LCC

• 64 traffic flows
• 14 generic aircraft sizes are models
• International traffic considers all city pairs > 

3000 miles
• 12 world regions
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BCO Methodology

Traffic Forecast
(ASM by airline flows)

Service Forecast
(by airline)

Product Forecast
(Fleet Forecast by Airline) Bottom- UP model

Top-down model
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Results with BCO (Boeing)
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Forecast methods with Competition

• Required to baseline and measure the 
performance of the existing system  

• Requires an assessment of the cost and travel 
time of the competing models

• Can be used to predict local, regional and 
national-level effects

• Can include competition among multi-airports
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Methodology (TSAM Model)
• A multi-mode intercity trip demand model that predicts long distance travel

(one-way route distance greater that 100 miles) in the continental U.S.
• Employs a multi-step, multi-modal transportation planning framework where

trips are:
– produced,
– distributed,
– split into modes, and
– assigned to routes

• TSAM model can predict intercity travel in the presence of multi-mode
alternatives (auto, commercial air, and new aviation modes)

• Mode choice of travelers based on trip characteristics (business and noon-
business) and traveler demographics (income level)

• Mode choice is sensitive to vehicle performance, level of service and supply
cost characteristics

• County-to-county spatial model
• Accepts any user-defined airport sets
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The TSAM Model
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TSAM is an Application
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Trip Generation Trends
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Changes in the U.S. Population 
(Years 2000 to 2025)

Woods and Poole Demographic Data Implemented in 
the Transportation Systems Analysis Model
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Annual Trips

Distribution of Trips 
(LA County to all)

� 

Tij =
PiA jFijKij

A jFijKij
j
∑

Gravity Model
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Business Travel 
Blacksburg, Virginia to Cleveland, Ohio
• Suppose three alternatives are available:

– Auto
– Commercial Air
– On-demand service using VLJ aircraft (future NAS)

• To make a mode selection a user might consider:
– Travel time
– Travel cost (including lodging and rentals)
– Duration of stay
– Value of time
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Multi-route Mode Choice Model

TSAM Uses the 
Official Airline Guide (OAG)
to estimate airport-to-airport 

travel times
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Multi-mode Choice Model 
(Door-to-Door Commercial Air Travel Time)

ü TSAM considers 
airport processing 
times and airport 
egress and access 
times
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ü TSAM uses 
Mappoint to 
estimate auto travel 
times

Multi-mode Choice Model (Auto)
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Multi-mode Choice Model (GA)
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Summary Trip Information
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Analysis of Travel Bahavior

Commercial Aviation

Route1

Avi. GeneralAuto

Route2... Route n
Includes Airport Choice

Factors considered in mode split:
• Travel time
• Travel cost
• Value of time
• Route convenience
• Trip type

TSAM employs a family of Logit Models (mixed and nested)
CEE 4674 – Airport Planning and Design (copyright A. Trani)
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Logit Models used in TSAM

• Logit model

• Nested logit utility function

• Mixed logit utility function
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Calibration of the Model

CA = commercial airline, SATS = VLJ vehicle
CEE 4674 – Airport Planning and Design (copyright A. Trani)



Sample Studies Using the TSAM Model

• Advanced aircraft concepts developed by NASA 
(ADS-B, Datalink, etc.)

• Parametric studies of advanced vehicle 
technology (tiltrotors, supersonic jets)

• Studies to predict aviation demand when 
significant changes occur (i.e., high fuel costs)
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Constrained Demand

• Aviation demand can be constrained due to 
multiple reasons:

• No service to a given community (essential air 
servcice in the U.S.) 

• Service exists but is out of my pocked
• The aviation service is not offered because 1) 

good capacidad aeroportuaria, 2) pollution, 
political will, and others)
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Example 1 : Restrictions at DCA

• National (Reagan, DCA) airport does not offer 
flights > 1,250 miles (called perimeter rule)

• This is to discourage competition with Dulles 
(IAD). This last one was designed for large 
aircraft and longer stage lengths

• The availability of high-performance aircraft such 
as the Boeing 737-700/800 and Airbus A319/318 
allows medium-range operations with a decent  
payload form DCA today 
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Example 2: Long Beach, California
• The Long Beach airport should have more 

demand
• Local regulations limit the number of flights to 60 

per day
• Long Beach is located near Los Angeles (LAX) 

and  serves  one of the largest markets in the 
U.S.

CEE 4674 – Airport Planning and Design (copyright A. Trani)



108

Constrained Demand due to Noise

Airport demand with limits

Impact of noise in pollution

FAA INM (INM 7.0)

Noise Contours (Teterboro)

TSAM Model

Noise limits

_

+_

+

Airport demand without limits

5-7% Growth
In DNL 65
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Airport Capacity
Delays and Level of Service

Demand without limits

_
_ +

Demand with Limits

Airport Capacity

Quotient 
Volume/
Capacity

Airport Delays
(schedule delay) 

++

_ Negative Feedabck 
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Demand Changes due to Events of 
Septiembre 11, 2001

• After 911 airports developed new procedures to 
screen passengers for security reasons

• Airport transit times increased from 1.4 to 2.0 
hours for the average departing passenger

• This created an incentive to drive for shorter trips 
due to added airport transit times  
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Study of New Security Regulations in the U.S.
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Scenarios Investigated

• Two cases reflecting added processing times at origin and ending 
airports

• Only domestic air transportation demand studied
• Cases are labeled low and high penalty scenarios
• The following airport processing times are added to the baseline 

airport times in TSAM
– Low penalty scenario

• 20 minutes are added to passengers using large hub airports
• 15 minutes to medium hub airports
• 10 minutes to small hub and non-hub airports

– High penalty scenario
• 30 minutes are added to passengers using large hub airports
• 20 minutes to medium hub airports
• 15 minutes to small hub and non-hub airports

• Results obtained for years 2015 and 2025 (consistent with 
NextGen analyses)
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Increased Travel Times have an Impact in Short-Range 
Business Travel

Business Commercial Air Trips

No Difference
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Increased Travel Times have a Negative Impact in Short-
Range Non-Business Travel

Non-Business Commercial Air Trips

Some Minor
Differences
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Results

• 2.6% of the nationwide commercial airline person 
trips are lost in the low penalty scenario
– 3.4% of business trips lost
– 2.3% of non-business trips lost

• 3.8% of the commercial airline person trips are 
lost in the high penalty scenario
– 4.8% of business trips
– 3.3% of non-business trips

• Short commercial air trips are affected the most 
(see graphs)

• Business trips using commercial airlines are 
unaffected beyond 700 miles 
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