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Context

Interest in an integrated view of local, national and global socio-
economic development on aviation

Offer an integrated view of the aviation system from the most
granular level of data that are available

Understanding airport, route and network impacts of NEXTGEN
development, policies and environmental regulations

U.S. and international aviation community focus on
— Measuring effects of new technologies and operational procedures
— Incorporate economic and uncertainty at the local and metro economies
— Maintaining strong leadership role in all areas of international aviation
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Briefing Topics

Overview & Capabilities
Modelling, Databases, and Infrastructure
Further Improvement and Research Areas

Concluding Remarks and web-site demonstration

oy
+\ Federal Aviation

/=) Administration
W




Overview & Capabillities
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TAF-Modernization Goals

Projection of future air transport activity through time

— Projection of future passengers by origin and destination (O&D)
market routes and network routes;

— Projection of aircraft operations by market and network routes

— Integrated operations and passenger flows through the NAS
network thus reducing the need for post processing

Considering inputs to represent

— Underlying demand for passengers as determined by local
economies, economics and markets and routes

— Determining aircraft operations driven by underlying passenger
demand

— Changing characteristics of aircraft fleet and routes

— Impacts of changes in economic, demographic, market, and
airport characteristics on demand
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Comparison of TAF and TAF-M

Existing TAF

Airport level Passengers & Operations

No information on passenger flow, i.e.,
no network information

Output must be post processed for use

by NAS modelers; airport consultants

Passenger and operations forecasts
linked at airport level (via assumptions
of seat/load factors)

Stand-alone modeling for Core 30 and
2"d tier airports (110 airports)

Annual forecasts adjusted by schedule

information (12 months) from FSDS

Modernized TAF

Origin-Destination and Segment
level Passengers & Operations

Embeds detailed network
information on passenger flow

Output ready for use by NAS
modelers, airport consultants and
other users

Passenger and operations forecasts
integrated at route level and driven
by allocations routines

Standard model for all commercial
airports (~500 airports)

Quarterly and annual forecasts
Incorporate short-term schedule info
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Basic Topology: Metropolitan Areas

*Source: Office of Management and Budget (OMB)

Core-Based Statistical Areas

B Metropolitan (369)
B Micropolitan (582)
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TAF-M: Integrated Schematic View

Alir passengers from geographic centers, I.e.,
Metropolitan Statistical Area (cities)
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TAF-M: Integrated Schematic View

Bi-directional BOS-SAN market: sUni-directional BOS-SAN market:
*BOS-SAN ~ SAN-BOS *BOS-SAN # SAN-BOS
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Number of Uni-Directional Markets
Number of Uni-Directional O&D Markets in the US

Number of Markets
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Uni-directional Market Passengers

Origin-Destination Market Passengers in the US
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Primary demand for air travel by
Origin-Destination city/airport pairs
]
Route
Choice

Flow of
Passengers:

By O&D and by
Routes

Aircraft (A/C)
choice by Routes
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TAF-M: Integrated Schematic View

Econometric J Primary demand for air travel by
Models Origin-Destination city/airport pairs
]
Assignment | Route
Algorithms Choice
Flow of
Passengers:
By O&D and by
Routes
Econometric | Aircraft (A/C)
Models choice by Routes
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TAF-M: Integrated Schematic View

Econometric i i O&D airport i
Models . P_rlrnary d_ema_nd fqr air travel by ~--==1 pair passenger |
Orlgln-DestmatloT city/airport pairs i. projections i
Assignment | Route
Algorithms Chi"ce
Flow of
Passengers:
By O&D and by
Routes
|
Econometric | Aircraft (A/C)
Models choice by Routes

3\ Federal Aviation

)z Administration




Econometric
Models

Primary demand for air travel by [--
Origin-Destination city/airport pairs

O&D airport
pair passenger
projections

. S

Assignment
Algorithms

|

Route

Econometric
Models

: Choice

Flow of
Passengers:

By O&D and by
Routes

Segment pair
passenger
projections

PN A

Aircraft (A/C)

: choice by Routes
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TAF-M: Integrated Schematlc View

Econometric

Primary demand for air travel by  |--

O&D airport
pair passenger
projections

. S

Models Origin-Destination city/airport pairs
|
Assignment | Route
Algorithms Choice
Flow of
Passengers:  |ooccommeeeeee
By O&D and by
Routes
|
Econometric | Aircraft(A/C) | ______________ |
Models choice by Routes

Segment pair
passenger
projections

PN A

Segment pair

aircraft operation

|  projections
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TAF-M: Integrated Schematic View

E O&D airport
| pair passenger
| projections

{ Segment pair | Rolled up to
i passenger  p-omomoTeToes | airports:
i projections i Enplanement

> Existing/Legacy TAF

i Segment pair i Rolled up to
jaircraftoperationi .| airports: A/IC [~
] projections i Operations
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TAF-M: Flow of Passenger Traffic between
Metropolitan areas

Using forecasts of the external drivers Income, Population, Hub
and assumptions/industry knowledge, Status

we generate passenger forecasts by
Metro Area O&D pairs.

Fare, Distance, Carrier,
Service/Route Frequencies

~ & Income, Population, Hub Status

Semi Log-Linear Specification
(Segmented by Market Sizes in the NAS) \

In (Pij) = ot B * In(fij) + % * In(PIi)+ X * In(PI,)
+ & * In(route/svc freq) + 1y * (hub statusOrigin) +
v; * (hub statusDestination)
+ ¢ * In(Distancej)+ p * (season) + g;

States: Bottom-Up Econometric Estimation and Implications for Administration

by O&D pairs”, J al of Air Transportation, Volume

Source: Bhadra, D. (2003). “Demand for Air Travel in the United (@5 Federal Aviation




Allocating O&D Passengers to Available Routes

« Assume 100 passengers are
predicted to fly between Austin
and Chicago.

Chicago

» We first identify valid routes flown
at present (same quarter last year: ORD a
A MDW

reference point)

« Note that the option of multiple
airports within a single MSA is
treated as part of the “route”

choice. DFW

 We allocate passengers among 0 AT
existing route segments according

to the current percent distribution
for that O&D market.

AUS %
 We currently do not attempt to

predict new routes. However, this Austin

“*” We have experimented with multi-nomial logit choice and neural network modeling

techniques to capture route choice and network evolutions. We are doing some further work in “ =\ Fed e_ra_l Avia_ltion
this area. A more detailed presentation on this aspect is also available. & Administration




Adding Up Segment Totals for the NAS

Minneapolis Chicago
* We now continue ﬂ
from one market to MSP
ORD
the next...
A MDW

e ... adding up the
segment traffic as @
we go along.
« When we have DFW
completed looping Q @
through all O&D
pairs, we have

passenger totals
by segment.
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JFK-LAX Market Case: Only Top 20 Reported in the Map Below
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From Passengers to Aircraft Departures

Passengers;
Performance
limits,

LAX to ORD, 4 short-haul

Aircraft

Distance; :>narrow-bodies, 1-stop

Operatin : ORD to DCA, 2 RJS, non-
P 9 Assignment sto

COSts; P

Types of

airports, etc.
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TAF-M: Models, Output and Forecast

Fare;
Demographics; .
_ Los Angeles to Chicago,
Income levels; —) ( Passenger J=——=> 135.000lqtr December, 2014
Distance; Chicago to Washington M
Competitive factors; Demand

DC, 42,000/qtr: etc. Add-Ons O Forecast Output

Seasonality; etc.

1. Enplaned and

Completed and Implemented
E originating

- Route Choice - Cargo R passengers for
Existing route ) LAX tg.@RD, 250,370 p / i
allocations:; — & A"p_o rt |7_,>—0‘R'5t0 IAD, 62,000 pax/qtr Lartg);e{Medlum/Small
Location, etc. Allocations % Hub airports(141)

N
I .

2. Commercial Ops for
Z Large/Medium/Small
E
D

----
~-~-
Tee—— International

Completed and Implemented ==="\(pax & cargo)

Hub airports (141)

Passengers; -
Performance Ai f LAX to ORD, 784 AEE class 3. Mostly, FAA-towered
limits, 'r(_:ra t 4 (short-haul narrobodies), airports / DOT’s
Distance; - Ch_0|ce & 1-stop; commercial-service
Operating costs; ASSIgNMENT ¢ = e airports

---

Types of airports,

L]
etc. ORD t0 IAD 190" S|

4 (RJS), non-stop

Completed and Implemented
Calibration to

OPSNET data
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Model Scheme, Process Links and Architecture

Enplanement by market,

\ 4

City-pair analyses R routes, airport
10% Ticket Sample Is_g;::c: r?;?t;atlonal economics vath network relationships
* New runways, airports H
* Fare trends
« Abnormal events . .
O-D Flight est:jma}tes by routes
Passenger Aircraft Fleets: and airports
demand by T100 Segment/ |1
CiApaik Model/observed/ " ,,
judgment Generate “bottom-up
1 route forecasts of
Regional Demographics passengers and operations|
and Economics by MSAs] ]
IHS/Global Insight _ _
National estimate
| Network information: and TAF-M enplanement
‘[Market & Coupon Datal and operations
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Database design: analysis & OD forecasts

*Raw & processed
dataresides in an

DB1B Market
Summary
Tables

TAF-M: 0&D Information

e i Completed: May, 2011; every quarter

~*Main data base: | No. of airports; ~500: all commercial airports

. DOT o «0O&D No. of market pairs: 60,000 - 72,000

At k| oA - Periods: Quarterly (QL-Q4)

- ,G:‘uI/IHS ‘ ‘ e Alrp_?_;):'eZOkUp > E(l:\/loon doerlr]se;(:llc *History periods: 1997-2010: Q4
eBminfo b B 5 G B SAS -1997:1-2010:Q4 (56 quarters)

e ‘ o b = *Forecast periods: 2011:Q1 - 2040:Q4 (120 quarters)
- !-OOk up tables i *No. of records in the history +forecast database
. Processed/summary = GI/IHS Metro ~(airports X quarters X historyforecast):

~ tables o ~4 million observations

i ok~
: e ummar

- KB
|OAIR_F41ScheduleP1A 10568 20k Jooks  fiske ok
|OAIR MasterCoordinate 1522 1248 [uoske  foke )
|[OAIR_MasterCoordinateEndDate 7522 142¢ KB 1408 kB K8 ke a b I e S
IQuery 362 144 KB leoa s k3 56 KB I

Isysdiagrams 1 56 KB Js2 k8 a8 Joks
reanguarer 1o res Je ks 1) o ks

«*: Observed airport allocations
assumed. Models for airport
allocation is being investigated
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Database design: analysis & segment forecasts

*Expanded internal
SQL server with

*Main da=ta base:
e DOT

GI/IHS
GIS info

Look up tables

Processed/summary
tables

. +

0O&D Forecast

TAF-M: 0&D Information

Completed: May, 2011; every quarter

*No. of airports: ~500; all commercial airports

*No. of market pairs: 60,000 - 72,000

*Periods: Quarterly (Q1-Q4)

*History periods: 1997-2010:Q4
-1997:01-2010:Q4 (56 quarters)

*Forecast periods: 2011:Q1 - 2040:Q4 (120 quarters)
*No. of records in the history +forecast database
—(@irports X quarters X history/forecast).

~4million observations

DB1B
Coupon

Processed
Network

-

WV EEE
Airport Pair

«*: Network evolution workshop hosted by
APO provided technical guidance in this

area.

Network
Allocation
Logic*

>

TAF-M: Segment Information

Completed: May, 2011; every quarter
*No. of market pairs: 60,000 - 72,000

~40-60 million observations

»Average no. of coupon stops per itinerary: 4 - 6
*No. of records in the history +forecast database
~(market pairs X coupon X quarters X history/forecast).

1."" Al S j
w
-
5@
ol

*Enplanement:
JFK:LAX
JFK:LAS:LAX
JFK:SFO:LAX
JFK:SAN:LAX
JFK:PDX:LAX...
236 pOSS|b|I|t|es
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Database design: analysis & departure forecasts

*Expanded internal
SQL server with

Main data base:

« DOT
* GI/IHS 7100
. GISinfo Segment
Equipment
* Look up tables ;
* Processed/summary
tables
*Network-
I m *AEE 9- augmented
« O&D Forecasts Cat-egory = assignment
« Segment Forecasts Equ[p_mer\t of
TAF-M: Segment Information
Completed: May, 2011 every quarter -Operations by
No. of market pairs; 60,000-72,0QQ -Segment-Pair airport pairs:
vAverage no. of coupon stops per tinerary: 4-6 Enplanement ABE:ATL
oNo.of records in the history +forecast database Forecasts JFKILASILAX
~(market pairs X coupon X quarters X historyfforecast). .
~40-60 millon observations YUM:PHX

APO provided technical guidance in this
area along with MITRE/Volpe work.

Administration
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Key Dimensions

Spatial
Aggregate (airport) and disaggregate (O&D markets and
routes/segments) information available

Temporal
Forecasts quarter-on-quarter

Aircraft Operations
Grouped by commonality of mission purpose, i.e., seat categories

Demand and Aircraft Operations

Passenger (by markets and routes), and operations (by markets
and routes)

Scenarios

Built-in capabilities to evaluate local socio-economic impact on
aviation demand flows
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Summary

TAF-M improves on existing forecasts and
provides technical support to inform U.S.
decision making, providing

— demand effects at granular levels (market & routes)

— eliminates post processing and provides integrated
view of the US aviation system

— analysis of multiple aviation scenarios and policy
outcomes

— flexibility in spatial representation
— providing insights into key relationships and impacts
— Opens up new areas of research
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Web-site demonstration

http://aspm.faa.gov/tafm/Default.aspx
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