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Liberaliza#on	and	services	trade	

•  We	know	rela#vely	liOle	about	how	services	trade	is	
affected	by	efforts	at	liberaliza#on.				

					Why?	

•  Measurement:	
–  Services	trade	data	are	highly	aggregated;		
–  Values,	not	P	and	Q	

•  Policy	change	is	difficult	to	quan#ty:	
–  Rules	are	complex	and	regulate	how	services	are	provided	
–  Literature	uses	indices,	relies	on	cross	country	comparisons	



Data	on	avia#on	and	policy	change	

•  We	have	detailed	transac#ons	data	on	U.S.	passenger	
avia#on,	1993-2008.	
–  Prices,	quan##es	for	each	carrier	compe#ng	for	
precisely	defined	services	(San	Francisco	->	Munich)	

•  We	have	a	nice	source	of	policy	change:			

–  From	1992-2007,	the	US	signs	87	bilateral		Open	Skies	
Agreements	(OSA)	that	liberalize	avia#on	markets.	

– Another	21	agreements	signed	between	2008-2013.	
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The	quan#ty	of	interna#onal	
passengers	leaving	the	US	
doubles.	

While	prices	fell	15-20%	
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The	quan#ty	of	interna#onal	
passengers	leaving	the	US	
doubles.	

While	prices	fell	15-20%	

Were	these	changes	
caused	by	liberaliza#on?			



This	Paper	

I.  Model	of	passenger	avia8on	market:	
–  Hub	and	spoke	network	
–  Uncertain	demand	+	consumer	heterogeneity	
–  Capacity-constrained	price	compe##on	
Predic#ons	map	#ghtly	into	our	empirics	
	

II.  Diff-in-diff	es8ma8on:			

							How	does	liberaliza#on	affect:	
–  Carrier	entry/exit;		
–  capacity	alloca#on	
–  P,	Q,	quality	
	

III.				Consumer	welfare	calcula8on	
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Exis#ng	regulatory	regime:		
Bilateral	Air	Service	Agreements	

•  Early	efforts	at	mul#lateral	agreements	failed	
–  Avia#on	is	outside	General	Agreement	on	Trade	in	Services	
–  In	place	of	mul#lateral	agreement:		complex	web	of	bilaterals	

•  Restric#ve	bilateral	air	service	agreements	
	

					Example:		US	China-Avia#on	Treaty	(1980):		
–  Entry	restric#ons:		2	carriers	per	country		
–  Capacity	restric#ons:	2	flights	per	week	for	a	given	city-pair	route	
–  Route	restric#ons:		flights	between	4	US	and	2	Chinese	gateways	
–  Price	restric#ons:		price	changes	must	be	submiOed	to	DC,	Beijing	
for	approval	two	months	in	advance.	



Bilateral	Open	Skies	Agreements	(OSA)	

•  Star#ng	in	1992,	U.S.	begins	to	liberalize	interna#onal	air	
services	with	specific	partners	à	Open	Skies	Agreements	
–  106	agreements	between	1992-2013	

•  Remove	most	exis#ng	restric#ons	(our	focus)	
– No	limit	on	entry,	routes,	capacity	
	

•  Grant	new	benefits	(outside	our	focus)		
–  Extensive	“beyond”	market	rights	
– Allow	inter-airline	coopera#on	(alliances,	codesharing)	



Timing	of	Open	Skies	Agreements	
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Endogeneity	of	OSAs?	

•  Who	signs	OSAs	and	when?	
–  No	clear	sta#s#cal	paOern	in	who	signs	OSAs	
–  No	clear	sta#s#cal	paOern	in	the	#ming	of	signings	

	
•  Why	no	systema#c	paOerns?	

–  OSAs	are	boilerplate	agreements	nego#ated	by	U.S.	State	Dept.	

–  US	Trade	Representa#ve	(Bob	Zoellick):		“[signing	OSAs]	likely	has	
more	to	do	with	diploma#c	issues	than	economic”	

	
•  To	be	conserva#ve,	we	focus	only	on	OSA	signatory	countries	

–  iden#fica#on	is	not	from	who	signs,	but	when	each	country	signs			
–  take	#ming	as	exogenous,	condi#onal	on	country	characteris#cs	



Theore#cal	Framework	

Main	Objec#ves:	

•  Characterize	avia#on	markets	using	key	industry	features	
		
•  Understand	how	route	and	capacity	restric#ons	affect:	

– Marginal	cost	of	produc#on	and	prices	
–  Compe##on	(carrier	entry/exit)	
–  Capacity	alloca#on	across	routes	
– Quality:	consumers	valua#on	of	flights	



Model	Setup	

•  Consumers:	
–  have	unit	demands	and	heterogeneous	reserva#on	values		
–  queue	up	in	random	order	at	the	#cket	desk	(random	ra#oning)	
–  purchase	lowest	(quality-adjusted)	price	#cket	that	is	below	
reserva#on	value	

•  Firms	(air	carriers):		
–  Decide	market	entry	(city-pair	route)	
–  Make	capacity	choice	
–  Set	pricing	schedule	without	knowing:	

a.  The	reserva#on	value	of	a	specific	customer	
b.  Demand	state	(e.g.,	high	or	low)	
c.  Where	other	carriers	are	in	the	pricing	schedule	



More	Formally….	Demand	Side	

	

•  Random	market	demand:				eD(p)	
–  shock	“e”	rotates	the	demand	curve		

–  p	is	“effec#ve	price”:			
	
					
													0	<	α	<	1		disu#lity	for	indirectness	

–  Choke	price:			p = inf{p |D(p) = 0}

p =
pD        if direct flight
pI /α    if indirect flight

⎧
⎨
⎪

⎩⎪

e∈ [0,1];       e ~ F(e)

e



Supply	Side	

•  n	≥	1	carriers	in	Home	
					n	≥	1	carriers	in	Foreign	
	
•  Two	types	of	ci#es:	

–  gateways:		g,	f	
–  non-gateway	hubs:		h1,	h2	
	

Take	domes#c	hub-spoke	network	as	given.	Simplify	Foreign	network.	
	

•  Carriers	allocate	capacity	across	routes	at	constant	per-unit	cost:	
	λD	=	per-unit	cost	for	direct	interna#onal	route	
	λC	=	per-unit	cost	for	domes#c	connec#on	

	
						Key:		route	restric#ons	increase	cost	of	capacity	
										E.g.:		indirect	interna#onal	flight	h1	to	f	:			λD	+	λC	



Timing	

•  Three	stages:	
1.  Carriers	enter	and	form	interna8onal	networks	

2.  Choose	capacity	and	set	pricing	schedule	

3.  Uncertain	demand	is	realized	and	#ckets	purchased	

	

•  Focus	on	2nd	stage:			price-capacity	schedule	
–  each	carrier	decides	what	number	of	#ckets	to	offer	at	what	

price	on	each	feasible	route	(given	uncertain	random	demand)		

–  symmetric	subgame	perfect	equilibrium	(within	carrier	type)	



Price-Capacity	Schedule	

•  Nota#on:	
			qi(p)	=	number	of	units	(seats)	that	carrier	i	prices	at	value	p		

			Qi(p)	=	total	units	that	carrier	i	prices	at	or	below	p	

	
	

•  Total	capacity	chosen	by	carrier	i:	

•  Market	marginal	quan#ty	schedule:					
	

Qi (p) = qi0

p
∫ (r)dr

Qi (p) = qi0

p
∫ (r)dr

q(p) = qi (p)
i=1

n

∑



Price-Capacity	Schedule	

•  Residual	market	demand	at	price	p	
given	demand	shock	e:	

	
	

•  Market	clearing	demand	shock	at	
price	p:	

eD(p) 1− q(r)
eD(r)

dr
0

p
∫

⎡

⎣
⎢

⎤

⎦
⎥

resid D(p) = 0 

     ⇒  e(p,q) = q(r)
D(r)

dr
0

p
∫



Price-Capacity	Schedule	

•  Probability	that	all	units	priced	at	p	sell:	
	
	

																
•  Carrier	profit	func#ons:	

–  Direct	service:	

	
–  Indirect	service:	

π i (qi,q−i ) = 1−F(e(p,q)( ) p−λD⎡⎣ ⎤⎦qi0

p
∫ (r)dr

Prob(e > e(p,q)) = 1−F(e(p,q))

π i (qi,q−i ) = 1−F(e(p,q)( )αp− (λD +λC )⎡⎣ ⎤⎦qi0

p
∫ (r)dr



Equilibrium:		
Price-Capacity	Schedule	

•  In	equilibrium	set	MR	equal	to	(constant)	MC	across	possible	
demand	states	
–  Con#nuously	distributed	shock	“e”		à		smooth	pricing	func#on	

	
•  Prices	rise	as	market	nears	capacity	
					Why?	

–  expected	revenue	from	selling	#cket	at	price	p:				
	

	e(p,q)	high			à			Q(p)	high		and		Prob	(e	>	e(p,q))	low	
	e(p,q)	low				à			Q(p)	low			and		Prob	(e	>	e(p,q))	high	

–  to	keep	MR	equal	across	demand	states	=>	price	p	must	rise	when	
sale	probability	is	low	=>	p	increases	with	Q(p)	

p ⋅ 1−F(e(p,q)( )
Sale probability
! "## $##



Price-Capacity	Schedule	

Q	

p

p

p

Q p( )

Q(p) = q(s)ds
p

p

∫

Total	capacity:	
	
	
	
(total	number	of	#ckets	
sold	at	or	below	max	price)	

p solves 1−F(e(p,q) =1

p solves D(p) = 0



Q	

p

p

p

Q p( )

Max	price	at	which	a	#cket	sells:	
		
	
																													
U#lized	capacity:	
	
	

e(p,q) = e ⇒  p ≡ ρ(e,q)

Q(ρ(e,q))

Q ρ( )

		 ρ 

Price-Capacity	Schedule	
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Average	Pricing	Func#on	

eD(pavg ) =Q(ρ)

p

p

pavg(e)

p

Q p( )

Average	#cket	price	is	
defined	as:	
	
	
	
	à		price	at	which	the	
quan#ty	of	#ckets	
demanded	is	equal	to	
the	cumula#ve	market	
quan#ty	of	#ckets.		



Par#cular	Realiza#on	of	Demand	
p

p

p

Q p( )

	
	
	
Max	observed	price:	
	
	
Under-u#lized	capacity:	

	 		
	

pavg(e)
pavg

		 ρ 

Q ρ( )

Q(ρ)<Q p( )

!eD(pavg ) =Q(ρ)
Average	#cket	price:		!eD(p)

ρ( !e,q)



Route	restric#ons	&	Liberaliza#on	

Pre-OSA	 Post-OSA	

OSA	effect	on	non-gateway	hubs	(h1,	h2):	
•  Number	of	carriers	goes	up:	foreign	carriers	can	now	serve	Home	hubs	
•  Increase	consumer	valua#on	by	offering	direct	service	
•  Larger	market	capacity:	lower	costs	of	capacity	from	less	indirect	rou#ng	

OSA	effects	on	gateways:	
•  Relax	(possibly	binding)	capacity	constraints	for	consumers	at	g	



p

eD(p)

! !

Direct	flights		"

Entry		"

Liberaliza#on	Effects	on	Non-Gateway	Hubs	

Allowing	direct	flights,	foreign	entry:		raises	capacity	and	Q;		lowers	average	prices	

p

=>		Capacity	costs	fall		

=>		Total	capacity	increases	

pavg(e)

Q p( )



Relax	capacity	constraints:			increases	capacity,	lowers	average	price		

Liberaliza#on	Effects	on	Gateways	

p

Constrained	Qmax	 Unconstrained	Qmax	

p

pavg(e)

eD(p)



P,	Q	effects	depend	on	the	ex-post	demand	state	

p

Constrained	Qmax	 Unconstrained	Qmax	

p

eD(p)

pavg(e)

High	e	

Low	e	



Empirics	

•  Evidence	for	key	channels	of	the	model:	
–  Passenger	growth	through	provision	of	new	routes	
–  Carrier	entry	and	capacity	expansion	in	non-gateway	hubs	

•  Consumer	welfare:	
–  es#mate	changes	in	prices,	quan##es,	quality		
–  combine	these	into	changes	in	quality-adjusted	prices	
azer	liberaliza#on	

•  Diff.	in	diff.	es#ma#ons	



Data	Sources	

•  T	100	InternaKonal	Segment	Data	
–  Traffic	data	by	route	(city-pair)	x	carrier	
-  All	non-stop	flight	segments	crossing	the	US	border	
-  Number	of	passengers,	departures,	available	seats	
	

•  Origin-DesKnaKon	Passenger	Survey	
–  Transac8on	data:	10%	sample	of	int’l	airline	#ckets		
–  air	fare,	service	characteris#cs	(fare	class,	distance	flown,	
#	segments,	transit	airports)	

–  all	segments	of	the	i#nerary	and	carrier(s)	

	



Es#mate	the	impact	of	OSA	on		
U.S.	Interna#onal	Air	Traffic	

•  DID	regression	for	U.S.	traffic	to	country	d:	

	
	
	

•  OSA	=	1	for	any	year	that	the	agreement	is	in	effect	
	
•  Y	is	a	measure	of	passenger	traffic:		

–  total	number	of	passengers	
–  number	of	dis#nct	city-pair	routes	(extensive	margin)	
–  average	passenger	per	route	(intensive	margin)	

	
•  X	are	des#na#on-year	controls:		

–  income,	popula#on,	9/11	crisis,	Visa	Waiver	Program,			
–  region	specific	trends	

lnYdt = β1OSAdt + Xβ +αd +αt +εdt
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OSA	Effect	on	Total	Traffic	
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OSA	Effect	on	Capacity		



OSA	Effect	on	Capacity		



OSA	Effect	on	Capacity		



OSA	Effect	on	Capacity		



OSA	Effect	on	Entry/Exit	
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OSA	Effect	on	Route		
Prices,	Quan##es	and	Quality		

•  DID	regressions	at	city-pair	level	(orig-dest):	

•  Es#mate	each	equa#on	by	2SLS	to	account	for	joint	
determina#on	of	P,	Q,	Segm.	



Price	Equa#on	

•  Key	variables:	
–  Passenger	quan##es		(IV:			popula#on	at	origin,	des#na#on)	
–  Number	of	segments	flown		(exogenous	w.r.t.	prices)	
–  Measure	of	liberaliza#on:	OSA	
	

•  Controls	
–  per-capita	incomes	at	origin	and	des#na#on	
–  cost	shocks:			

•  aircraz	insurance	costs	*	world	region	dummies	
•  jet	fuel	prices	*	distance	(nonstop	and	excess	distance,	squared)	

–  fixed	effects	for	origin-des#na#on,	#me	
–  regional	trends	



Price	
Es#ma#on	
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Es#ma#on	



Price	
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Price	
Es#ma#on	



OSA	effects	on	quan##es	

Ln(P)	

Ln(Q)	

A

B	

A	à	B:					
OSA	lowers	P,	which	increases	Q	demand	
	
	



OSA	effects	on	quan##es	

C	

B	à	C:			
OSA	raises	service	quality,	which	
raises	demand	condi#onal	on	prices	
	
Quality	upgrading:	
-  Explicit:		provision	of	direct	flights	
-  Implicit:		improvement	in	flight	

frequency,	connec#vity,	aircraz	

Ln(P)	

Ln(Q)	

A

B	



Quan#ty	equa#on	

•  Key	variables:	
–  Airfare	&	number	of	segments	(explicit	quality)	

•  IV:			jet	fuel	prices	*	distance	(nonstop	&	excess	distance,	squared)	
–  Measures	of	liberaliza#on:	OSA	

•  Controls:	
–  Popula#on	&	incomes	at	origin	and	des#na#on;	bilateral	exports	
–  fixed	effects	for	origin-des#na#on,	#me	
–  region	trends	

•  OSA	variable	measures	implicit	quality:			
–  increase	in	passengers	condi#onal	on	prices	and	on	flight	segments	



Quan#ty	
Es#ma#on	
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Number	of	Flight	Segments	Per	Route	

•  Key	variables:	
–  Passenger	quan##es		(IV:			popula#on	at	origin	and	des#na#on)	
–  Measures	of	liberaliza#on:	OSA	

•  Controls	
–  per-capita	incomes	at	origin	&	des#na#on		
–  fixed	effects	for	origin-des#na#on,	#me	
–  Regional	trends	
	



No.	Segment	
Es#ma#on	
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Combining	the	OSA	Effects	into	a	
Consumer	Welfare	Measure	

•  Changes	in	P,	Q,	Segments	depend	on	OSA	and	
on	each	other	

	
•  Need	to	calculate	total	deriva8ve		of	P	and	Q		
w.r.t.	OSA	



Consumer	Welfare	



Consumer	Welfare	
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Consumer	Welfare	



Summary	and	Conclusions	

•  Regula#on	of	avia#on	markets	constrain	capacity,	routes,	entry.			

•  We	study	the	resul#ng	market	distor#ons	and	the	channels	
through	which	the	market	responds	azer	liberaliza#on.	

•  We	build	a	model	of	capacity	constrained	price	compe##on	with	
uncertain	demand	and	consumer	heterogeneity	
–  compara#ve	sta#cs	that	map	#ghtly	into	empirical	objects	

•  We	use	a	diff-in-diff	es#ma#on	strategy	to	find	that	OSAs	lead	to:	
–  new	route	offerings	
–  capacity	alloca#on	towards	constrained	routes			
–  lower	prices,	higher	quan##es,	more	direct	services	(higher	quality)	
Benefits	are	largest	for	most	constrained	ci#es.	



•  Policy	implica#ons	of	avia#on	liberaliza#on	go	beyond	
the	immediate	industry	benefits:	

–  travel	affects	the	rate	of	innova#on	and	economic	growth	

–  travel	affects	trade	and	FDI	
–  possible	channel	for	the	observed	complementarity	
between	manufacturing	and	services	trade	

Summary	and	Conclusions	



Thank	You!	


