


optimality of their decision from a social point of view. It is accordingly. Thus, the higher its market share, the larger the
plain that the socially optimum policy cannot consist inproportion of the externality that is internalized. Brueckner
reducing to zero neither the difference between schedulg@003) show that congestion is fully internalized at airports
travel time and minimum travel time (the buffer delay), nor thedominated by a monopolist. Under a Cournot oligopoly,
difference between realized and scheduled travel time (tH@owever, carriers are shown to internalize the sole congestion
apparent delay). There is indeed a trade-off between travel-tintkey face. These models explain why airports without a single
decline (average efficiency) and delays reduction (scheduledominant carrier could have high delays. However they do not
reliability). Optimal delays (hence social costs of delayskxplain the persistence of congestion at airports with a
depend upon market situation. dominant large carrier. Moreover, Daniel (1995) rejects
Characterizing the optimal policy and providing a guidelineinternalization of conge§tjon at Minr_lea_poli_s—St Paul airpqrt.
for its implementation would be a very difficult exercise Brueckner (2002) *exhibits some |nd|c_at_|ons of negative
Instead, we assess first the potential benefits of such a pol'icorrelatmn .betweeln congestion and alrlm_e concentration,
through, a simulation. The results of our calibration exercisg >+ < o' ey|dence 1S weak. I_\/Ic_)rrlson and Wlnston (2007) did
suggest that, in the (;onsidered cddeOptimal buffer delays ot find this negative association. Con_gest|on (hence (_jelays)
aresmallerth,an actual buffer delaysd. travelers would prefer _cannot_be explained _by the_ sole failure of companies to
) ' ; internalize the externality they impose on others.
to have shorter journeys, even at a cost of more delayg)iand
the welfare losses that follow from sub-optimal scheduling are In Mayer and Sinai (2003), delays follow not only from
relatively small as compared to the potential benefits thatongestion externalities but also from network benefits
would follow from a decrease in ticket prices. However thesattached to the hub-and-spoke system. The authors consider
results maybe highly determined by the characteristics of theelays as the difference between actual travel time and
particular network studied on the empirical section. minimum travel time. Therefore they consider both apparent
delays and buffer delays. According to their model, longer

The paper is organized as follows. In section I, we revie . - e
the few applied studies that reckon costs of delays and tvéeelays at hub airports are the efficient equilibrium outcome of a

theoretical literature on models of congestion and congestig ub airline equating marginal (congestion) costs of an
; . , g cong dditional flight with its marginal (network) benefits. A single
charging. Section Il introduces the main assumptions of th

model. Section IV presents the fim's problem and outline Found-trlp flight from (and to) a Hub connected with N airports

how demand parameters can be recovered. The maximizati ﬁnerates indeed 2N different journeys.

of social welfare is discussed in section V. In section VI, we The latter argument provides a rationale for observing
describe the data for the market under scrutiny. Then using tltengestion even in situations where there is no externality
calibrated demand parameters and these data, we apply iesue. However, the very fact that congestion may be profitable
proposed methodology in section VII. Last section presents the firms does not say anything about its social desirability. The
conclusions. very idea of social gains coming from congestion is present in
Betancor and Nombela (2002): although it may generate
Il. STUDIES ONCOSTS OFDELAYS: FROM delays, an increase in frequency of services can increase the
APPARENT DELAYS TO BUFFER DELAYS welfare of travelers. Nombela et al (2004) suggest that socially
Delays can be caused by several phenomena such @gtimum buffer delay is likely to be strictly positive.
adverse meteorological conditions, strikes, accidents or

congestion. Theoretical literature has focused on the later sinE More generally, the assessment of the transportation system
around half of the observed delays occur due to congestion an%

nnot spare an explicit reference to social optimum. Some
C

. X -congestion might be desirable, even from a social welfare point
congestion can be forecasted quite accurately. Congestion  : : : o
OT view. Therefore, when attempting to estimate “social costs

charging is broadly accepted as a key to achieve efficiency ! delays’, it does not make sense to consider theokslerved

congested airports and reduce overall delays. Several StUd'(‘feﬁa < and qive them a monetary value by coinina a value of
have been devoted to this subject, both theoretically ar:f Y 9 y y 9

- . me. This was the traditional approach until now in the
empirically e.g. Carlin and Park (1970), Park (1971) an iterature even if few studies have been yet devoted to the

Morrison et al (1989). However congestion pricing presents_ ..~ .. o
several problems. First, as suggested by Schank (2005), ite;sstlmann of these costs. We highlight the research undertaken

hard to implement effectively. Second, given the lack ot Nombela etal. (2002) and the reports by the Institut du
com etitorspat most of the Ealr'o ean romyjtgs and the difficult ransport Aérien (2000), and by the University of Westminster

P g P o (2004). The estimated values for airlines and passengers costs
for new airlines to enter nearly all European Hubs, linkin

congestion fees and market powee.(charging more small gdepend heavily upon estimations of value of time from
9 KeL p : 9ing ._previous works and are relatively heterogeneous. Both ITA and
operators) calls for undesirable effects that may well outweig

expected benefits niversity of Westminster consider observed and buffer delays
P ' for the cost estimation.

Several authors study the relationship between congestion A inted in the | . h addi . f
and market power of airlines. Typically an airline would not S pointed out in the latter, It IS worth adding minutes o
; buffer delay to the airline schedule “up to the point at which

account for the congestion it imposes on competitors howev?ﬁe cost of doing this equals the expected cost oftaktical]

airlines can anticipate congestion and adapt their behavior



delays they are designed to absorb”. It is plain that whea buffer delayd > 0. By doing so, however, the company
estimating the inefficiencies streaming from delays, one shoulghcreases the expected travel time of connecting passengers.
not consider the difference between realized travel time arifhere is thus a first trade-off between the costs and benefits of
minimum travel time. For society, the real costs of delayshe (buffer) delay for connectios, Observe that this trade-off
stream from the difference between actual travel time antegards connecting passengers only.

optimum travel time. The social cost of “delays” (observed and
buffer) is therefore the loss in welfare that follows from the Because of the later, we know that> 0 so that the

scheduling not to be “socially optimum” but decided by theexpected travel time will be larger than the minimum possible

firm. And the sole “delay” for which the firm can be time (missing the plane is CO.StIY)' We also knowtﬁnﬁ(ﬁ) <1’..
unequivocally rebuked is the difference between the schedulége@ning that the plane will arrive too late with positive

buffer delay and the optimal one. This is at least the approacH{Obabi”ty' Thus, when the realization (_)f _the stochastig delay
adopted in this model and the view we advocate. gj exceeds the buffers delagis + ¢ the airline may consider
delaying departure of the second flight pya real delay as

. THE MODEL: NOTATIONS AND DEFINITIONS opposed t@ which consists in scheduling later the departure).
A’his would benefit connecting passengers but would create a

We consider a simple Hub-and-Spokes network (HS) in cost to all passengers of the departing flight.. Passenger with an

mgiﬂdwl\l/lt: Ztr?dc htaztlﬁoﬁlgsbazg;egg:g ggfﬁegﬂetileawgg arrival Qelay,g, smaller thanfj + ¢ + y will not miss their

and M is denotedX;. The travel time between citid4 andM;, conngctlng ﬂ'g_ht' Thus one car? expect t.h;aE 0 (same .
equals the minimum technical time required to flight betweerimarginal benefits from delay but higher marginal costs). Again
the two cities,T;, plus some stochastic delays distributed ~ Since postponing the departure has a cost, we also know that
according to the cumulative distributiapy(¢). Distributions of ~ @i(¢j + 6 + 7)) <1. We also have>0 (missing the connection
delays are considered to be (exogenously) given. In particul#@s & cost) so that, as result of delays of other flights’ delays,
they do not depend upon (the pattern of) flows. In that sensBassengers of direct flights will arrive late with positive
the model doesot consider congestion issues. It rather focusegrobability. Note however that the later phenomena is
on the following issue: given the uncertainty attached to theonditional on the delay being “sufficiently large” (it must be
(air) transportation system, how does socially optimafarger than the buffers delays, izg.> (j + 0)), and yet, not

scheduling compare to the firms’ profit-driven ones? “too large” (for the costs of delaying the flight not to overcome

. . L _ ) the benefits for the connecting passengers).
Airlines control this uncertainty introducing buffer tinig,

in other words, announcing longer travel journeys than the IV.  AIRLINE AND PASSENGERSPROBLEM
minimum travel time. The scheduled travel time is equal to th%\ Airline Problem
minimum required travel timel;, plus the buffer timej. The '

cost to conveyX; passengers fromi; to M; is assumed to obey ~~ We assume that a monopoly is serving the three city pairs.
the following functional form: As we will explain in Section VI, the considered market for the

calibration exercise is close to a monopoly situation. However,
the lessons drawn from this model go much beyond this
G (XU. ) =f+ (a *BX, ) T+4 G 1) particular case as this situation is quite common within regional
markets. In particular, despite the liberalization of the market,
where Tj represents the minimum travel time between thehere is still a low level of competition on European markets as
cities, f, a andg are strictly positive paramete; is the cost suggested by Billette de Villemeur (2004) or Neven et al
linked to adding one minute of buffer time, which is expected2006). Moreover, we observe that the optimal level of delays
to be smaller than the cost for a minute of observed delageems to be independent of the competitive structure of the
Obviously, the optimal network depends on the (expectedharket. In our model, the airline uskk as a Hub. The firm
pattern of flows. A single company operates over this networloffers two direct flights between citieM(, M,) and M,, Ms).
We assume that the HS network is an equilibrium outcome df also offers indirect services from; to M3 throughM,. The
our model. But we also assume that the resulting economies sifeam of profits attached to direct flights is expressed by
density are high enough for this very same network to be
socially optimal (On this, see Brueckner, J. K., and Zhang, Y. PX - f-(a+BX)T - CZ, - Ce, )
(2001)) U URg ij BN

In the context of a Hub-and-Spoke network, some whereP; is the (one way) price for a seat on a flight that
passengers have to take a connecting flight in order to reaghk the city pair ¥;, Mj), andX; is the demand for that flight.
their final destination. Under optimal conditions a passengebbserve that, in addition to the (deterministic) operational costs
requiresg minutes to get his connection. Airlines could sellaready presentedt(a+s X;) T; airlines face some costs due

tickets with a connecting ti_me equal dp however missing a to arrival delays, both re&l.s;, and bufferC,;: We assume
connection represents a high cost for passengers. In ordertat demand takes a linear form:

decrease the probabilty of missing connections and
equivalently to the buffer time introduced on direct flights, the _
company schedules later the connecting flights by introducing Xii =g+ l? ( E + V":\'rt)~ (3)
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wherea;>0 and b;>0 are constants that are specific to the X, =a,+ b23( P+ \,( T+, + rqu)) (5)
routes. By contrast, the constant=0 is common to all
routes. It denotes passengers’ value of time wiklg q i < -5 L, q
comprises the scheduled time plus the average delay for rouFe = .[ (612~ Cr0m 0% £~ {5 =) (£ @ £ 1) de fle

(1p+0 {1ptE+ p3td-€ 1,
(Mi, M). C+d o .
There are three distinct markets, each associated to one cft{ I @, (£2,)de+ J ¢lz(flz)dflz]Lw(fzs—(zs‘f) 23 € 29 0€ 55
pair (Mi, M). There are thus three demanilg, X3 and X3 0 Gztory
where the latest stands for journeys connechkihgwith M;
through the HubM,. Because Nl;, M,) and M,, Mj) are

distinct markets and passengers are offered a single alternative, Passengers flying frorM, to M through the Hub face the
their demand depend upon the sole characteristics of thefl9est and most complex journey. Their travel time equals the

journeys (price and expected travel time). minimum travel time required for the tri;, + 6 + Tz3 plus
the buffers{i, + 0 + {53 if delays are smaller than the latter. If

By assuming that consumers refer to the sole characteristigglays are comprised betwegn + d and(i, + 6 + y , the
of the products they consume, we neglect substitution effectairline introduces an extra delays ¢, - (12 - 6, to ensure the
Observe however that these same characteristics are still vefgnnection. If delays are bigger théan + 6 + y passengers
much linked to each other. In particular, the expected travebse their connecting flight and will have to attend for the next
time associated to each of the three possible journeys depergie. This implies an extra waiting time that we deribie
a-priori upon the whole flight schedule. The airline gives compensati@ to each passenger losing its

This is not the case however for passengers flying fvhm conne(_:tion. ”? any of th? 3 cases passengers can suffer a delay
to M,, the Hub. Since they enjoy a direct service, their expecte@ their last flight to attain their destination.

travel time is equal to the scheduled travel tifgf (1o, plus Given these demands, the firm maximizes the expected
the average delay. Delays, as unexpected events, present higlgsl profit choosing prices, buffer delay, and maximum extra
costs for passengers than costs linked to scheduled travel tinfigne that it can introduce to facilitate connection for
De Palma and Rochat (1996), Noland and Polack (2002), apfhssengers. Profit is a function of observed delays, # ({12
Bates et al. (2001) among others estimate the ratio betweens), connecting passengers catch their flights. The firm does

cost of scheduled time and cost of delays (late arrival). Thifot need to introduce extra delays and profits are at their
ratio, r, is comprised between 1.03 and 2.69 according to thefhaximum level,

estimations. Therefore cost of delays is denotedrby
M (R] 0, y’Zij |‘€12 < (le + 5)) = PlZ3X123_5C6 - (le +Zzs)c<' +

. (6)
RoXp = f=(a+ B(Xpy + X)) T~ G [, (6, = )Jo(e, ) dey +

The literature has traditionally modelized costs of delays o el =
linearly even thought passengers penalize more long delayéDBX23 ol Bt X)) T Qj(za(g" Z“)co(g”)dg”
than short delays. We consider the possibility that passengers
do not punish companies for small delays introducing a non-
linear approach. Passengers value the scheduled time sp
travelling at a price. If they suffer a delay but this is small, no
cost is observed. On the contrary, when delays are superior t
significant threshold £ , travelers suffer a costr. We expect
this cost to be higher than the cost linked to scheduled ¥ime,
thereforevr>v andr>1.

X, =a,+ qz( P+ \,( T A0 lj.:ﬂ(g—iu —?)qz(g)ds)) 4)

where C, represents the cost per minute for the airline of
ering a delay.C; represents an opportunity cost for the
airline, i.e., the cost an airline supports choosing how long
Ignes are stopped at airports and how much time they are
lying. When an airline decides to increase buffer delay at the
Hub, it reduces the number of plane’s rotations; therefore the
plane spends more time at airports than flying, and
consequently costs per day decrease. If the airline reduces
Passengers frorivl, (the Hub) toM; also benefit from a buffer delay, the plane has to wait less time at the Hub and is
direct flight. However their expected travel time is subject to able to increase its rotations in a day so that total costs are
higher uncertainty. If the realized delay attached to flights fronincreasing.
M, to M, exceeds the buffer delay, that is:if > ({1, + ), the

) : \ > + irli [
company can decide to introduce an extra delay in order for If &15 > (Ci + 0) the airline can introduce an extra delay at a
cost per minute o€,, or make the passengers flying fravi

connecting passengers to get their correspondence. We e ; . .
. . : . 0 M; lose their connecting flight and pay a pendly per
going to denote this extra delay pythe maximum time the ! .
airline will wait for its connecting passengers passenger due to the new regulation on dela)_/s. In the first case
’ (612 - (12 - 9) C, is subtracted to (6) anG X153 in the second
Therefore the expected travel time for passengers flyingne. The firm maximizes total profit choosing;, j,0 andy.
from the Hub is increased by the expected extra delagt equilibrium, profit maximizing conditions together with
introduced by the airline. Their demand has the followingdemand equations must be satisfied. From this system of
form: equations we can recover all unknown parameters.
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B. Passenger Problem Table 1: Average data

Passengers are assumed to maximize their net utility given pjrect Flights Toulouse-Paris  Paris-Nice
by U;-P;X; -cE;X; whereUj is the gross utility that consumers Total bassenaers 177414 166831
obtain from travelling. To maximize their net utility Total P ffl'ght 1430 1228

' % . = otal n° of flights
U(X)=P+cEt =P t b tisfied, wher® th .

( ”). U mus ? SaUSTed, Where, 1s the Average Pax / flight 123.9 135.9
generalized price. Once we calibrate the parameters of deman j’TraveI time (minutes) 80 85
gross utility obtained by passengell, can be recovered by Frequencied 235 20.1
integration of the generalized priclé.,, over Xij . Airplane® A320 A320

Capacity’ 161.9 168.1
X, —a Average occupation 76.5% 80.8%

X, =3+ (p+ckt)= a+pP = P=—

3 Average frequency of flights per ddyMost frequent plan€; Average
i capacity of the planes operated on the route.

)
2
(Xu) _ﬁ airline) which transport 14.78 % and 16.3 % of daily
b b passengers respectively. As shown in section VII, the level of
! ! competition on the observed market has small effects over the
optimal level of delays. Tariffs are available for different kinds
V. WELEARE of consumers under different conditions, though the average

. . . . ._price per passenger as well as the percentages of business and
The report aims at evaluating the difference in soma[J per p 9 P 9

: i eisure travelers remains unknown. The chosen prices are 80
welfare betw_egn optimum and equilibrium. Welfare res.u“%uros for Toulouse-Paris, 95 Euros for Paris-Nice and 120
from the addition .Of PasSENgers surplus for each flight MINUE ros for Toulouse-Nice via Paris. All prices are one-way
the cost of producing the flights. ' ’

U, = ?u'(x)dx:} P(X) dx=

No information is available about passengers travelling
MaxU,, + U, +U,,,— Costs for passengers + Firm's Prof(8) from Toulouse to Nice through Pari,,; On average 5 % of
oy passengers arriving to Paris from Toulouse and Nice take
another plane to get their final destination. We assume that
Given that we aim at maximizing welfare two options areconnecting passengers on Paris-Nice represent also 5 % of the
possible: maximize with respect do, j andy or additionally  total number of passengers on this route.
do so with respect to prices. Two ideas are behind the former. . _ .
Arrival delays in each route, are assumed to be distributed

First, the social planner cannot interfere in the companies’ di ¢ distrbuti It | 4 sh
pricing decision or when it can, the social planner believes ghgecording 1o-a gamma -distribution. 1S scale -and shape

firm works in a competitive environment and hence it will set Jarameters are estimated by maximum I|ke_.\||_hood. Delays are
price approximately equal to the social marginal cost that is t tochz_;tsnc and therefore the only tool for airlines to deal with
say the solution under social welfare maximization. Instead wg'c' 1 buffer delay for the schedule and the extra delay at the
additionally maximize with respect to prices when the sociaiactical level.

planner believes the firm is not working under competition and Concerning extra delays introduced by the airline in its
the social planner can choose the prices. departure flights from Paris to Nice, we look at all observed

We evaluate both possibilities, however, given that priCjjeparture delays. Extra delays included by the company to wait

intervention is not considered, the analysis sticks to the fir Ffr conne<(:jt|r|19 pagshengers repres$8t8%4.7_@ of the ﬂpbhserved
case and we only present the results for the latter in section VEParture delays with an average of 0.81 minutes per flight .

Therefore we comput&, §” andy’, the buffer and extra delay ~ The cost of adding an extra minute of defy,is available
that maximizes social welfare and obtain the social cost gtom different studies. Nombela et al (2002) consider a cost for
delays as the difference between welfare evaluatéfl @nd  ajrline delays of 83 €/hour. The Westminster study presents a
y and the welfare at equilibrium. similar value, 72 €/hour of delay. In contrast values provided
Vi DATA by ITA (2000) are comprised between 35.5 and 50.9 €/hour
' and IATA (1999) consider 37.5 €/hour. This difference is due
Our model is validated in a network composed of the citiego the inclusion in the first case of costs related to loss of
Toulouse, Paris and Nice where Paris operates as a Hub. Dagrket share to other airlines or to other modes and loss of
are available for all flights in the network during May and Juneorporate image. These costs are captured in our model by the
of 2004. Average data for frequencies of flights, passengers Qéry dependence of the passengers’ demand on the expected
each flight, capacity and schedule travel time are presented fiyvel time. Therefore we consider the range of values
Table 2 for each direct route of the main airline. There eXiStﬁroposed by ITA (2000) As the airline genera”y Operates the

one competitor for the routes Toulouse-Paris and Paris-Nicggme airplane’s model for both routes we assumepthas,
however the degree of competition is low since it only offers 4,4 C, are the same in both routes

daily flights in each route 23 and 20 flights offered by the main
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We consider low values fgf, between 0.005 and 0.03, Table 2: Results from the calibrated demands
since it measures the variable cost per passenger per minute 0fpajues proposed for the calibration Results
a given flight. Finally,Cy is the hard costs for the airline of a =~ p; 30 X1o 118.47 ar 323,35
passenger losing its connection, that is to say compensations p,, 05 Xoa 130.52 by -1,50
and rebooking. We are assuming that at the studied period p_, 120 Xyps 5.34 Qs 346,60

these costs were cero. The waiting time for passenger losing its

connection to take the next flighEwt, is computed from Tz 95 <1z 25 bas -1,39
frequencies of flights serving the second part of the trip. T, 64 {rs 21 Aoz 17,46
Departures are not evenly distributed so that we observe small 20 S 25.04 buos 0.05
changes on this variable depending on the hour of the day. 081 Ewt 40 v 0’69
Given the small magnitude of these variations, there is no c 40 C 40 r 1’25
restriction on assuming that this additional waiting time is 4 ¢ '
constant and equal to its average value, 40 minutes. é 0.02 Ci 0 Cs -3,19
£ 10 C: -65,13

The expected waiting time for passengers at Paris is &
stepwise function of the minimum time required for connectionhe study, at the optimal point, both parameters decrease.
J and appears to be constant over 15 minutes’ intervals. On th@ssengers prefer to enjoy a smaller average travel time and
one hand, Air France offers several flights with a connectioface a bigger probability of losing their connecting planeor in
time of 30 minutes for Paris-Orly in several route pairsgeneral suffering a delay.
combinations, included the ones studied in this case. ) o o
Consequently, it seems to be fair to assume that the minimum !f these values are imposed to the airline the gain in welfare
required time for a connectio is smaller than 30. On the for the society is 517 Euros which represents an increase in
other hand, it appears reasonable to consider it larger than #543% of welfare with respect to the equilibrium situation.

We assume a value equal to 20 minutes and test on the n&xfira delays disappear at the optimal situation since the
section the effects of changes in this variable. probability of losing a connection and the extra waiting time
are low while the cost of introducing extra delays is

VII. RESULTS considerably high for the company. Moreover few passengers
The results as well as the values proposed for th ould profit from them compared to the number of passengers

calibration are presented in Table 5. The absolute values of tHy Who it represents a cost. If these elements are attenuated we
price elasticities are 1.02 for Toulouse-Paris, 1.02 for Paridind optimal solutions where both buffer delay and extra delays

Nice and 1.03 for Toulouse-Paris-Nice. As expected, given thd® Positive and larger than zero while they are always lower
monopoly assumption, they are larger than 1. than the values at equilibrium

The cost of observed delays is in general higher than the Under the optimal solution demand increases in the three

cost of buffer delays. Even though the ratiand the value of considered routes even .if prices increases in a similar
buffer timev, can vary significantly as a function of different percentage. For route Paris-Toulouse-Nice demand increases

parameters, their product, the cost of delays remains pre;%/% while price increases 6.8%. Toulouse Paris increases 4.5%
f

stable with values comprised between 0.85 and 0.95 Euros g¥iCe increases 4.4%Paris nice+3 price +2.9%

minute (51-57 Euros per hour). It is difficult to compare our results with the ones obtained
This cost of delay, can be considered as high, especial previous studies since our analysis is focused on buffer delay
’ ’ pd not “apparent delays”, defined as the difference between

when compared to the values proposed by Nombela et X :
(2002) (21€ per hour for business travelers and 15€ per hothe realized travel time and the scheduled one. The study by the

for leisure travelers). Institut de Transport Aerien (2000)JNiversity of Westminster proposes a value comprised

assigns a range comprised between 0.57 and 0.73 Euros per2gfveen 0 and 16.3 Euros per buffer minute for airlines.
passenger and minute (34-44€ per hour) closer to our values, HOWever the study states that “these are fairly rudimentary
estimates”. Besides, it takes into account only the airline side

It is interesting to notice the role of non-linearities for costwhile we consider the overall effects over airlines and
of delays on the calibration. The ratio r increases with th@assengers.

threshold fixed for significant delays (obtaining always values
superior to 1 from 5 minutes of delay). This sustains the  1ne Study by ITA (2000) assumes that cost for passengers

hypothesis that cost of delays is not linear and increases wiflj Puffer delay is equal to the cost for a delay which seems to
the size of delays. be far from reality. It also assumes that airlines’ cost for buffer

delay is even slightly bigger than cost of delays, which makes
We can calculate the buffer and extra delays that maximizenreasonable the existence of buffer delays. And finally
the social welfared and y. We consider two different Morrison and Winston estimates a cost of 0.08€ per minute for
approaches. If the government maximizes social welfare takeuffer delay in main US airports.
into account the reaction of the firm on prices, welfare is
maximized fors" = 12.91minutes,y’ = 0 (1, = 11.75 andy; =
9.67.Whatever the changes applied to the parameters used on
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C. Sensitivity analysis Costs of delays estimations are sensible to changes in this

For any of the chosen parameters two questions can aris@riable, especially when we decrease it. By contrast the
1) What are the effects over the calibration of demand and oveptimal buffer delay and extra delays remains almost unaltered.
the optimal welfare of a measurement error in any of th&Or example, if we decrease the number of connecting
parameters? 2) If our values are correct, what effect ovéldssengers 20%, we observe that the cost of delay increases to
welfare results from a change in any of the parameters? In boi#09€/ minute (an increase of 27%). Conversely when we
cases, effects are negligible for most of the parameters. Fficrease this value, in the same proportion, 0.5%, the cost of
example, changes in the minimum time required for passengefi§lay decreases to 0.26€/minute (-19%) and the gain in welfare
to connectd, or changes in the variable cost per passepger ©© 6.15€ (-10%). If we keep increasing the number of
have insignificant effects over the calibration of demand or thgonnecting passengers the cost of delay keeps decreasing. Still,

optimal social choice. Other variables require a more detailemost no effect is observed over optimal buffer times and
analysis. gains in welfare. Also, a reduction or an increase in the number

) ) .. of connecting passengers will be clearly accompanied by a
Changes in PricesThe cost of delays for passengérs,y  reduction or increase in the minutes of extra delays introduced
and the gain in welfare remains unaffected by any change i wait for connecting passengers which implies an opposite

prices. In particular if price were 25% lower only paramedgrs effect over the calibration of buffer time.
and b; are modified on each demand but no change is observed

on cost of delays and optimal schedule choices. The price VIII.  CONCLUSIONS

elasticity of demands increases if prices decrease, but slower pejays constitute a widespread relevant phenomenon in air-
rate. By contrast, if we look at effects over welfare of a 25%ransportation. This paper is a first-attempt to make precise the
decrease in prices with the actual setting, welfare increasggyes at stake, in order to draw a consistent policy. It also
almost 13%. On the other hand, with a decrease higher tharhayides a methodology to estimate social costs of delays. The

50% in buffer delays, the increase on welfare is of onlyaier js illustrated by the means of a simple calibration.
1.4%(the same effect can be obtained with a reduction in prices

of 2.5%). Therefore, effects of changes in prices over welfare We consider a situation where there is a single, profit-

are of first order magnitude while changes of buffer delayghaximizing operator. Complex pricing schemes do not come
produce a second order effect over welfare. as an issue since we adopt a representative agent approach. All

. ) passengers have the same value of time and, for each city-pair,

Changes over welfare of introducing:(We assume that gemand is actually derived from quasi-linear preferences as
Gy = 0 at equilibrium. We study the effects of introducing represented by quadratic utilities. With this simple yet (in our
compensations for passengers losing their connections givgfew) realistic model, we obtain very clear-cut results from a
the low probability of suffering long delays on the studiedcyjibration exercise performed with exhaustive data over a two-
markets. Any compensation leads to higher prices foponth period. Airlines should decrease their buffer delays.

connecting passengers and a decrease on welfare. Only vafyt is to say socially optimal schedule would result in shorter
high compensations affect to the choice of buffer delaygourneys but more apparent delays.

increasing specially the minutes of buffer at the connecting

airports. The airline can also decide to increase buffer time for The effects over welfare of these changes appear however
the second segment of the flight (Paris-Nice) however in thit be quite small. There are several reasons to this. First, there
case it has to compensate all the direct passengers with a prigét low number of connecting passengers over the sample and
reduction. The effects remain small for small compensationg!l the cities of the network enjoy a relatively frequency of
however if we consider the highest possible compensation fé€rvices. Second, the (endogenously determined) passengers’
delays for this particular route introduced by the EuropeaMalue of time appears to be low. Third, and more importantly,
Commission, which is around 250€ welfare reduces 3.8%cheduling is only one dimension of the analysis. As long as

more than doubling the possible gain from imposing optimaPricing is not subject to any constraint, firms appear to be able
delays. to extract a fair amount of consumer (gross) surplus. Thus,

_ because an increase in consumer surplus ultimately leads to an
Effects of changes over the number of connecting,crease in their profits, airline account for travelers benefits
passengersCeteris paribus, for a higher number of connectingypile taking their scheduling decisions. This is to say: the only

passengers, we expect to find a smaller cost of delay aRfference between profit-maximizing and socially optimal
therefore a smaller gain in welfare. In fact, for a similar buffelscheduling stream from pricing imperfections.

delay and a higher number of connecting passengers (which ) .

implies that direct flight passengers have decreased), the OveraII. and in any case, the new EU pf)'le on
probability of passengers loosing connections rest unchang&@mpensation for long delays appears to be quite inadequate.
while their weight over the market has increased. Therefordore precisely, it should either be ineffective or result in
cost of delay is less important than in the case whereduced social welfare.

connecting passengers are lower. Vice versa, if we believe that 1pg paper presents several limits. First, as a consequence

the number of connecting passengers was smaller than what Weihe representative agent approach, travelers have an identical
assumed, we would expect a bigger cost of delay. value of time. It follows that market segmentation is
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exogenous. Would consumers have had heterogeneoli§]
characteristics, optimal choice theory would have indeed

provided a natural endogenous split of travelers acroddl]
available services. Second, passengers are risk neutral. Thisttliﬁ
obviously a point to take into account and we plan to look a

the consequences of risk aversion in the near future. Obserpeg;
however that the latter can only change numerical estimates.
All conclusions drawn here are robust to the introduction of14]
risk aversion as they do not hinge upon the particular values
attached to time losses. They directly follow from the

economic mechanisms at hand. [15

Finally, some may point to the monopoly assumption as
being quite restrictive. Yet, according to Tournut (2004), 600/?16
of the routes in the world are operated through a monopolistic
position. And, according to Billette de Villemeur (2004), the[17]
figure raises to 85% for the routes over the French territory.
Obviously, optimal delays (hence costs) depend upon markgis]
situation. Thus, whenever competition occur (within the air-
transportation mode or across transportation modes), it has [
be taken into account in order to derive consistent empiriciilo]
estimates. That said, we are pretty sure that our ma
conclusions would convey with such enrichment of our model.
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