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Congestion in Air Transporation
Jets line up for takeo�, March 27, 2006 at O'Hare International Airport in
Chicago, Illinois. (Photo by Tim Boyle/Getty Images)

• Ine�cient infrascture wastes time: Busy airports, such as JFK and Newark in

metro New York City tend to be congested 10 to 20 percent of the time. At

Newark, for example, planes average taxi times of 52 minutes during

congested periods versus 14 minutes during less busy times. Pushback times

for planes can exacerbate the situation. � Forbes
• These ine�ciencies also a�ect fuel consumptions, emissions, and noises
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Air Travel Time Has Been Increasing
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Emissions from Transporation Caught Up with the Power
Sector
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Increasing Jet Fuel Consumption
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NextGen
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Motivation

The US government has planned to implement new airspace infrastructure called
the Next Generation Air Transporation System (NextGen) since 2004. The �rst
project was completed in 2014.

The appeal: Investing in NextGen may pay for itself:

• Private bene�ts from time-savings (passenger and airlines) and fuel-savings
(indirectly associated with time-savings) via reducing delay, taxi-in and
taxi-out time.

• Social bene�ts include reducions to emission and noise.

The usual solution to the air transportation ine�ciency:

• Pigouvian tax such as peak-time pricing adjusted by market power and
network e�ect (Daniel, 1995, 2001; Brueckener, 2002; Mayer and Sinai, 2003;
Morrison and Winston, 2007).

• There can be additional welfare gains from improving infrastructure.
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Main Question and Approach

How has adopting NextGen a�ected �ight travel time?

• Infer private bene�ts of adopting NextGen for airlines (savings in crew costs
and fuel costs via improving �ight travel time) and passengers (time-savings)

• Study heterogeneous e�ects of NextGen

Approach

• NextGen has been implemented since 2014

• Use Di�-in-Di� strategy and high-frequency DOT On-Time Performance
�ight-level data from 2010 to 2017
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NextGen 30 Priority Airports

!(

!(

!(

!(

!(

_̂

_̂

!(
!(

!(

!(

!(

_̂

!(

_̂
!(

!(

!(

!(

_̂!(

!(

!(̂_

!(

_̂

!(

!(

_̂

!(

!(

!(

_̂

!(

!(
_̂!(

_̂

!(

!(!(

_̂̂_

!(!(

!(

!(

!(

!(

!(

_̂

!(

_̂̂_

!(

!(

_̂

!(

!(

_̂
!(

!(

!(

!(

!(

!(_̂

!( !(

!( !(

!(

!(

_̂

_̂

!(

!(

!(

_̂

!(

_̂̂_

_̂
!(

!(

_̂

_̂
!(

!(

_̂

!(

!(

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂
_̂

_̂

_̂̂_̂_

_̂̂_

_̂

_̂

_̂

_̂

_̂

_̂

_̂̂_

_̂̂_

_̂
_̂

_̂
ATL

TPA
MCO

MIAFLL

IADDCA
DEN

SFO

SAN

SEA

SLC

ORDMDW

EWR
JFK

LAS

LAX
PHX

MSP

MEM

IAH

DFW

DTW

BWI

CLT

BOS

PHL
LGA

±

0 250 500 750 1,000125
Miles

_̂ Airports with NextGen capabilities
!( Other airports

8 / 29



Motivation Data and Background Emprical Strategy Results and Implications Heterogeneous E�ects Robustness Next

Four Categories of NextGen Projects
• Multiple-runway operations (MRO), Performance-based navigation (PBN),
Surface operation and data sharing (SO), and Data communication (DC)

• We collect the quarterly completion history of all projects within these four
categories at treated airports
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Suggestive Evidence of Di�-in-Di�
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Data
Daily �ight-level data from DOT On-Time Performance, 2010�2017

• Scheduled and actual departure and arrival, duration of elapsed time, airborne
time, taxi-in, and taxi-out

• Tail number (this allows us to track speci�c aircraft), previous operations and
delays, and other �ight-level information

Other data

• Hourly weather data at the monitor near each airport from NOAA

• Daily terminal air travel tower information such as over�ights from FAA

• Aircraft make and model from DOT Form-B43 (linked using tail number)

• Market level data from DOT DB1B

• Airline monthly fuel consumption and costs from DOT Form-F41
Schedule-P52

• Simulated mapping from taxi-in and taxi-out time to fuel consumption,
emissions, and noises from the FAA's Aviation Environmental Design Tool
(AEDT)
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A Di�-in-Di� Design
For �ight i traveling from airport o to d operated by airline j on date t and time m

travelijodtm =β1NextGenot +β2NextGendt

+αod +αj +αo ×y +αd ×y +φ tm+uijodtm

• travel : eight dep. vars: minutes of (1) elapsed time plus departure delay, (2)
elapsed time, (3) airborne time, (4) taxi-time, (5) taxi-out time, (6) taxi-in
time, (7) departure delay, and (8) arrival delay

• NextGenkt : k = o,d the number of categories of projects (MRO, PBN, SO,
and/or DC) completed at origin/destination airport k at a given quarter

• αod : route �xed e�ects

• αj : airline �xed e�ects

• αk ×y : k = o,d , origin/destination airport �xed e�ects interacted with a
linear year trend

• φtm: separate �xed e�ects of year-by-month, day-of-month, day-of-week, and
hour-of-day
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Identifying Assumptions

travelijodtm =β1NextGenot +β2NextGendt

+αod +αj +αo ×y +αd ×y +φ tm+uijodtm

• The treated airports are not randomly assigned
• Assume conditional on controls, treatment in a given quarter is as good as
random

• The following factors work in favor for the identi�cation:
• Uncertainty and variation of the duration of the previous stages: such as
�study stage� and �implementation stage�

• Uncertainty and variation of the time it takes for airline companies to respond
to NextGen by rescheduling �ights to the Computer Reservation System
(CRS) (Forbes, 2008)

Also, we drop the �implementation period� as in Burlig et al. (2019). In practice,
we drop 2Q before the treatment and 2013. We also drop observation with missing
aircraft information (tailnum cannot be found form B43)
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How does NextGen a�ect �ight travel time? A Di�-in-Di�
Design

Flight A1: JetBlue Flight 1446 Flight B1: Another �ight
CLT�BOS, Non-stop, Embraer E-190 LAX�BOS, Non-stop, Embraer E-190
Departed at 6pm, April 19, 2015 Departed at 6pm, April 19, 2015
Flight A0: Flight B0:
Departed at 6pm, April 19, 2012 Departed at 6pm, April 19, 2012

• BOS and CLT �nished implementing its �rst project in 2015 Q1

• LAX did not complete any of the four types of NextGen projects until 2016 Q1
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E�ect of NextGen on Air Travel Time
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E�ect of NextGen from 2014 to 2017 on Air Travel Time
• Consider a scenario where airports in 2017 had not been treated, i.e., as if the
airports were in the same condition as the beginning of 2014

• Compare the actual travel performance in 2017 vs. the counterfactual level
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Evaluate Private Bene�t

Following the FAA (2016) �Economic Values for FAA Investment and Regulatory
Decision, A Guide�

• Crew cost: $1,039.58 per hour per �ight

• Fuel and oil: $2,443.23 per hour per �ight

• Maintenance: $793.39 per hour per �ight

• Passenger time (business and casual combined): $48.71 per hour per person

• The number of passengers from DOT DB1B dataset
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NextGen from 2014 to 2017: Private Bene�t per Flight

• FAA parameters that we use: Fuel and oil: $2,443.23 per hour per �ight
• We could use gallon of fuel and oil per hour per �ight recommended by FAA (2016),

and evaluate at 2017 jet fuel price from EIA
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NextGen from 2014 to 2017: Private Bene�t

Next (details at the end of the talk):

• Re�ne private bene�ts: fuel and oil consumption

• Add social bene�t: emissions (SO2, NOx, CO2, etc.) and noise

• Use FAA AEDT, DOT B52, and DOT Form-F41 Schedule-52 data
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Heterogeneous E�ects

• E�ect by weather condition

• E�ect by prior delay

• E�ect by hub status
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E�ect by Weather
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E�ect by Prior Delay
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E�ect by Prior Delay
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E�ect by Hub Status at Origin Airport
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E�ect by Hub Status at Destination Airport
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Alternative Speci�cations

• Richer �xed e�ects:
• Route # Airline # Day-of-week # Hour-of-day (667,400 cells, 36 obs per cell)
• Route # Airline # Aircraft model (38,700 cells, 226 obs per cell)

• Additional interaction with linear trend
• Airline # linear trend
• Hub status # linear trend

• Alternative measure of treatment
• Number of projects completed
• If each category of NextGen has a project completed
• Number of projects completed for each category

• Alternative sample
• Do not drop 2013 (5 million obs.)
• Add �ights not matched in form B-43 (8 million obs.)
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Next Steps and Approach
• Add CI for our counterfactuals

• Re�ne private bene�ts: fuel and oil consumption

• Add social bene�t: emissions (SO2, NOx, CO2, etc.) and noise

• Need �ight-level actual fuel consumption data. FAA started to collect the data
since the Modernization and Reform Act of 2012. Not publicly available yet

Approach: Simulate predicted and counterfactual fuel consumption, pollution
emissions, greenhouse gas (GHG) emissions, and noise using the Aviation
Environmental Design Tool (AEDT) simulator

• An engineering formula/model built upon EuroControl's Base of Aircraft Data
(BADA) and Aviation Emission Model (AEM)

• Simulated mapping from taxi-in and taxi-out time to the above outcomes at
the level of airport and aircraft

• Link to our main data using tail number and aircraft model (DOT Form-B43)
• Current testing: 90% of models in Form-B43 can be found in AEDT

• Calibrate to airline monthly fuel consumption in DOT Form-F41 Schedule-P52
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AEDT Simulated Data
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A follow-up project: �Network Propagation and Air Tra�c
Policies� with Jessica Chu and Tom Lam

• Goal: Document network propagation on delays and infer the e�ectiveness of
second-best policies

• Congestion externalities and market ine�ciences arise as hub airlines do not
internalize congestion imposed on non-hub airlines at a hub airport (Mayer
and Sinai, 2003, Morrison and Winston, 2007)

• The external cost could be propagated through a network under what we
usually regard as internalized cost. E.g., (i) �ights connection within a window
of time, (ii) sharing the runway/ATC operation resources within a window of
time, (iii) sharing aircraft (i.e., operation N and N+1), and (iv) sharing gates

• Heterogeneity (and high skewness) of social cost of congestion depending on
(i) where the minutes of delay are located in the distribution, and (ii) the
relative importance of a �ight in propagating delays. The heterogeneity may
inform us how well second-best policies can approximate the �rst-best

• Approach: (i) estimate the centrality of the propagation network (done in
sample data) and (ii) construct the social cost of delay by adjusting costs of
delay using centrality measures
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Thank you!
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Summary Statistics
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Panel Information
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List of Airports (selected)
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Total Fuel Use and Fuel Cost, 2010�2017
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Variation and Uncertainty of Implementation Period
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Summary Statistics of Conditions Associated with Air Travel
Performance
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Alternative Measure of Treatment Variable
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E�ect of Speci�c Category of NextGen Project
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E�ect of Speci�c Category of NextGen Project (cont)
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Richer Fixed E�ects
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Richer Fixed E�ects
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Alternative Sample: Add Flights not Matched in B-43 Form
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Alternative Counterfactual

43 / 29


	Motivation
	Data and Background
	Emprical Strategy
	Results and Implications
	Heterogeneous Effects
	Robustness
	Next
	Appendix
	Additional Material


