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Abstract
In this paper, we present analysis of air travel choice baviour in the San Francisco Bay
area. The analysis extends existing wdrk considering the simultaneous choice by
passengers of a departure airport, an airlargl an access mode. The analysis shows that
several factors, most notably flight frequency and in-vehicle access time, have a significant
overall impact on the attractiveness of apaiit, airline and access mode combination, while
factors such as fare and aircraft size hasggaificant effect only inrsome of the population
subgroups. The analysis highlights the needise separate models for resident and non-
resident travellers, and to segment the populdiipjourney purpose. The analysis also shows
that important gains can be made through iti@usion of airport-inertia variables, and
through using a nonlinear specification for thergmaal returns of ioreases in flight
frequency. In terms of model stture, the results suggest that the use of the different possible
two-level Nested Logit modeleads to modest, yet significant gains in model fit over the
corresponding Multinomial Logit models, which already exhibit very high levels of prediction

performance.

Keywords: airport choice, airline choice, multi airport regions, discrete choice, nested logit

JEL codes: C25, R41



1 Introduction

The analysis of air travellershoices of airports is an important component in long term
transport strategies in many metropolitan arthas are served by more than one airport. A
wide range of policy measurestentially affect airport choigencluding expansion of airport
capacity in multi airport regions, improved access service to an airport, changes to an airport’s
parking cost structure, and the introduction ofdasheck in procedures at an airport. In turn,
the outcome of travellers’ airport choice decisions will affect the commercial success of the
single airports, the financial viability ofugiliary and complementary businesses, and the
congestion in the local transportation network.

Studies of air travel choice have becomereasingly popular overecent years. While
most have used very basic models to analysechivice of departurerport, several studies
have employed advanced model structued®wing for correlation between different
alternatives (e.g. airports).eRently, it has also been shown that significant gains in model
performance can be obtained by accommodatiedgaht that passenger behaviour varies not
only deterministically across different groups todvellers (e.g. business/leisure), but also
randomly within individual groups dfavellers (Hess and Polak 2005).

However, a passenger’s choiceairport will in ganeral be closely related to a number of
other dimensions of tra behaviour, especially the choiokairline and airport access mode
and the nature of the inteteoms between, and substitution patterns within and across these
choice dimensions is not clearpriori. While some studies have recognised this issue, the
majority of published work at best looks @tly two of these choice dimensions, and uses
some form of simplification along the third dingon (c.f. Section 2)Another problem with

many existing studies is the use of over-aggted data for the air transport and ground



transportation level-of-service information. Theksdiciencies in the existing body of work are
the main motivation for the present research effort.

The main aim and contribution of this paperto formulate a model for the combined
choice of airport, airlineral access mode for passengergatiiing from the San Francisco
Bay (SF-bay) area, and to investigate thevpltence of correlation along these three choice
dimensions. Furthermore, the study aims to determine whether there are differences across
groups of travellers in the substitution patte across airport, airline and access mode
alternatives.

In common with most previous studies, oualgsis looks only at departing passengers,
due to the lack of data on arriving and connecting passengers. However, by including visiting
as well as resident passengers,ahalysis indirectly also looks #te choice of arrival airport,
given that for the latter group ofatrellers, data is collected tte return leg stage, for which
the departure airport is in fact the arrival airport frora thutbound flight (excluding the
possibility of an open jaw ticket). An additidmaason for excluding connecting passengers is
that their choice set does not generally aontmultiple airports located in the same
metropolitan area, and the analysis of the ahdietween connecting airports spread across
multiple multi airport regions is beyorlde scope of the present paper.

The remainder of this article is organisedfalfows. In the next section, we present a
brief overview of existing work in the area of &iavel choice behavioum the third section,
we discuss the various datasets used, whilgeiction 4, we present the models used in the
analysis. The results of the analysis are pteseim Section 5, and model validation is carried

out in Section 6.



2 Literaturereview

In this section, we give a brief review tife existing body of work in the area of air
travel choice behaviour modelli; for other reviews on thispic, see for example Basar &
Bhat (2004), Pels et aRQ03) and Hess and Polak (2005).

One of the first studies dirport choice was conducted Bkinner (1976), who uses a
Multinomial Logit (MNL) model for airport chaie in the Baltimore-Washington DC area, and
identifies flight frequency and ground accesdiilas the main determining factors, with
travellers being more sensitive to the latter a more recent study using a MNL model,
Windle & Dresner (1995) repeat tlearlier results, and also reveal a significant inertia effect;
the more often a traveller has used a certain airport in the past, the more likely he/she is to
choose the same airport again.

The SF-bay area has been used in several aatiesof airport choice, mainly thanks to
the availability of very good da. An early example is that of Harvey (1987), who uses a
MNL model, and finds access time and flightgwency to be significant for both leisure and
business travellers, with lower values of time li@sure travellers. More recently, Pels et al.
(2001) have conducted an analyisishis area using Blested Logit (NL) nodel to look at the
combined choice of airport and airline. Thesuks indicate that both business and leisure
travellers have a nested chommcess in which airline choice mested within the choice of
airport (notwithstanding considerations of iaiel brand loyalty). In dater study, Pels et al.
(2003) again make use of the NL model structtims, time in the jointanalysis of airport and
access mode choice, revealing high sensitivity to access time, especially for business
travellers. In andter study of airport choica this area, Basar &hat (2004) propose the use

of a two-level modelling structure in which the actual airport choice process is preceded by a



choice set generation stage, tlacknowledging the fact thatree travellers only consider a
subset of the available airpori&he results suggest that fliglhhequency is the most important
aspect in choice set compogiti while access time is the dominating factor in the actual
choice of airport. Finally, Hesand Polak (2005) have recentlyedsthe SF-bay area data in a
study that aims to show the prevalence of camdaste heterogeneity in a population of air
travellers; the resudtshow that, while a major part of thariation in tastegsan be accounted
for through a segmentation ofettpopulation, a remaining paof variation, namely with
regards to the sensitivity to access time, is purely random.

There have also been a number of studiesirport choice inthe United Kingdom.
Ashford & Bencheman (1987), who use a MNL mlofie airport choice afive airports in
England, find that access time and flight freqyeace significant factors, with flight fares
only having an impact for domestic passengerd for international lsure. In a study of
passenger route choice in central EnglandpiN et al. (1990) find that the NL model
outperforms the MNL model. Thompson & Cav993) use a MNL model to forecast the
market share for a new airport in North Englaactess time, flight frequney and aircraft size
are found to be significant, with access timenganost important for travellers living close to
the airport and frequency being more importantifavellers living further afield. Finally, in a
MNL analysis of the disibution of passengers between airpamtthe Midlands, Brooke et al.
(1994) find flight frequency to bine most important factor.

In other studies, Ozoka & Ashford (1989)us MNL model to forecast the effects of
adding a third airport to a multi airport regionNigeria; the results show access time to be
very significant, making the choice ofclation and the provisiolmf good ground access

facilities important determinants in the plannpigcess. Innes & Doucet (1990) use a binary



logit model for airport choicén Canada to show thateteris paribus, travellers prefer jet
services to turboprop flights. Furuichi & Kopgp&an (1994) use a NL model for departure and
destination airport choice in@an, showing significant effecby access time, access journey
cost and flight frequency. Rally, Veldhuis et al. (1999develop the comprehensive
Integrated Airport Competition Model, showitigat passenger behaviour is represented most
appropriately by a NL choice process thmbdels the choice of main mode above the
combined choice of airport and air route, antally the choice of aces mode at the chosen
airport.

This brief review has shown that althoutjfere exists a largbody of work on the
modelling of airport choice in multi airport regis, most studies use rather basic modelling
techniques, with a heavy @imasis on the MNL model. Flermore, to the authors’
knowledge, none of the existing studies explicitBals with the three-dimensional nature of
the choice process (airport, airline and accesdea)) with the possible exception of the work
by Veldhuis et al. (1999), whicby being applied to the Amsti&am region, cannot be seen as

a multi airport study per se.

3 Data

The SF-Bay area is served by three majoparts, San Franciscimternational (SFO)
being the busiest, with, in 1995 (the studyryesome 15 million emplaned passengers, ahead
of Oakland International (OAK), with 7.7 milliopassengers, and San Jose Municipal (SJC),
with 4.2 million passengers. Forecasts by MTC (2Q@¥@Hict significant increases in traffic;
these will inevitably lead to capacity problenasid different expansion schemes are already
under consideration (RAPC 2000), making the arealaal candidate for a study of airport

choice. In this section, we giwedescription of the varioustdaets used in our analysis.



3.1 Air passenger survey data

Data on passengers’ choice behaviour waygined from thel995 Airline Passenger
Survey conducted by the Mepolitan Transport CommissidiMTC) in August and October
1995 (MTC 1995). This contained information over 21,000 departing air travellers. The
number of passengers interviewed at the thre migoorts is not entirely representative of
the real world traffic at the airportandeed, SJC is over-sampled, while OAK is
undersampled. This needs to be taken into ad¢dauhe modelling apmach, as described in
Section 4.

It was decided to use only destinations tbaitild be reached by rdct flight from all
three airports, on every day of the week, legdo 14 destinations. After extensive data
cleaning, a final sample of 5,091 observations whtained. The resutly dataset, which is
summarised in Table 1, was split into two pasatsjataset used in tlaetual analysis (4,582
observations), and a 10% sample retairfed later validation of the models (509
observations).

Special care is required ingltase of destinations that are themselves located in multi
airport regions. In this caséhe choices of departure airpaand destination airport are
generally closely related, andist not clear from the outset whiof the two choices is more
important. This applies specifically in thease of non-resident gsengers, where, under
normal circumstances, this airport constitutes the ongtheir trip. It is in this case crucial to
guarantee that an explicit choiceamfport was made in the SF-bay area.

Destinations from two such multi airport regions, namely the wider Los Angeles (LA)
area, as well as Chicago’s O'Hare (ORD) aitparere included in the present analysis. The

decision to include airports from the LAear was motivated by the frequency of these



destinations in the survey data. During the queof observation, dailflights were available
between each of the three SF-Bay area airpodseach of the five airports in the wider LA
region. As there was relativelydh frequency on all routes, gsengers can be expected to
make a specific choice of airggan the SF-Bay area, independentiythe choiceof airport in

the LA area. The inclusion of ORD on théhet hand was motivated by the comparatively
very low frequency of direct flights to @mago’s alternative airport; Midway (MDW). A
comparison of the results produced in two sn@dles separate analyses that included and then
excluded these destinations, revealed no nmdijéerences, suggesting that the inclusion of

these airports has no ill effeabn the subsequent analysis.

3.2 Air travel level-of-service data

Air travel level-of-servicedata were obtained froBACK Aviation Solutions'. The
dataset contains daily information for each ofmeraerving the selected routes in August and
October 1995, thus making the datare detailed than that of maprevious studies that have
relied on the use of weekly or even monthly d&ight airlines were &=l in the analysis, and
these are hereafter referred to as airlidegso As. Besides the frequencies for the different
operators, the dataset contains information lagghtf times and the type of aircraft used.
Additionally, information is available on the erage fares paid on avgn route operated by a
given airline. This clearly indees a great deal of aggregatj as no distinction is made
between the fares for the different classes a¥el Furthermore, théact that no data is
available on the availability of differentcket classes at the tamof booking leads to an
assumption of similar selling speed on atlutes. These assumptions are a common

requirement in studies of air travel choicénd@our based on revedal preference passenger

! Back Aviation Solutions, 6000 Lake Forrest Drive, Suite 580, Atlanta, 38328, www.backaviation.com



survey data, and are at least a contributing factor in the problems of retrieving a significant
effect of air fares in many such studies. Finally, the dataset was complemented by information

on on-time performanée

3.3 Ground access level-of-service data

As was the case for the air transport level-of-service data, the information on the chosen
access mode contained in the passenger surtayndads to be complemented by data on the
unchosen access options at the chosen airparelhss at the different unchosen airports. For
the present analysis, ground access level-ofieinformation was obtained from the MTC
in the form of origin-destinatiotravel time and cost matricés the 1,099 travel area zones
(TAZ) used for the SF-Bay area.

The dataset contains information on travelahse, travel time and tolls for car travel,
under peak and off-peak conditions, and for wayycar occupancy (whichas an effect on
tolls and the use of car pool lanes). Similathe dataset contains information on access time,
wait time, travel time, egress time and farasgablic transport journeys. Corresponding data
for other modes, such as taxi, limousine andcep airport bus services, were calculated
separately, based on current prices and the changes in the Consumer Price Index for California
from August and October 1995 to September 2002. tDwomplications ith the treatment of
rental charges, parking costad marginal car running costs, a common car alternative was
used, where the only cost is that of any itatiurred. This led to six remaining access modes;
car, public transport (transit), lseduled airport bus services, ddo-door services, taxi and
limousine. It was assumed that taxi and limousine services are available for each origin, while

the availability of door-to-door and scheduledvgses depends on the distance to the airports.

2 Available from the Bureau of Transport Statistidg, www.bts.gov/programs/dairline_ontime_statistics
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The availability of public transport was obtained from the MTC OD matrices, and, in the
absence of appropriate information on the abdits of the car modgit had to be assumed

that car is always available.

3.4 Data assembly and choice set construction

In the data used in model calibration, eadpoadent is observed to choose a triplet of
alternatives, one in each of the three dimensmfnshoice. The triplet of alternatives for a
given respondent forms the deplent variable for that obsexion in the models. The final
sample contains data on 3 departure airp@tairlines, and 6 access modes, leading to 144
distinct triplets of alternatives. Given thedh-dimensional choice set, any given alternative
shares the attributes of 73 other alternativesgh single dimension of choice, and shares the
attributes of 14 alternatives along two sutilmensions. For each observation, data on the
attributes and availability of the sub-alternatives along each dimension was appended to the
survey data, taking into account the ground ler@in of a taveller, the sason (August vs

October), the choice of destiian, and the day of week and grof day (peak vs off-peak).

4 Modelling methodology

4.1 Discrete choice models

The analysis described in this paper males of two types of discrete choice model
belonging to the family of Generalised Eetite Value (GEV) models, namely MNL and NL.
The main difference between these two modektsires comes in the assumptions made with
regards to the error structure; here, the MNL model assumes uncorrelated errors, while the NL
model allows for varying levels of correlationtiveen the error-terms of the utility functions

of the different alternatives. In the preseamuntext, this can be exploited to allow for
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correlation between two alternatives sharingoaamon airport, or &ommon airline, or a
common access mode. This in turn leads to higher substitution patterns between these
alternatives. In a NL model, alternatives thate non-zero correlatiare grouped together in

a nestmn, where this nest: has an associated logsum (nesting) parametewhich measures
the degree of independence between alteewmtin the respective nest, with highey

meaning more independence and hence leegelation between thenobserved components

2

m

of utility of the alternatives contaiden the nest. The correlation is givenby A “, such that

a value of 1 for all structural parameters leads to the MNL model. For a more detailed

discussion of discrete clv@ models, see Train (2003).

4.2 Sampling weights

Aircraft occupancy data was used to calcutheetotal traffic on the different routes used
in the analysis, for each of thmrriers. From this, relativereights were assigned to each
airport-airline pair. A similarprocess was used to calcelatorresponding weights for the
sample data used in the present analysis.ifithgidual pairs of weiglg were then used to
calculate multiplicative weights that could be used in the analysis, where the weight for a
given airport-airline pair was given by dikg the actual population weight by the sample
weight for this pair. This process was repedtedcach observation used in the analysis, with
separate weights calculated for separate subisamip the estimation process, each term in
the log-likelihood function was then multipliday the appropriate weight for the chosen

alternative.
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4.3 Segmentation by purpose and residency status

An important question arises with respecthtmwv to acknowledge the differences that
exist between residents and visitors, and between travellers with different trip purposes.
Results by Hess and Polak (2005) on the sala& show that there exist significant
differences along both dimensions, with the défeces across trip purposes being generally
more significant than those between residemtd visitors. Following extensive diagnostic
testing, separate models were used for residamddor visitors, with additional divisions into
business travellers, holiday travellers, and tlavelisiting friends and family (VFR), leading

to a total of six distinct segments.

5 Modelling analysis

In this section, we describe the results of the modelling analysis. This is divided into
three main parts. We first present a discussiam@iutility functions used in the analysis. We
then describe the results from the MNL mogdaelsd finally summarise the findings from the

NL modelling analyses.

5.1 Utility functions

Overall, the final specifications developéor the various models are very similar,
although there are some differes¢ notably in the inclusioof air fare and access cost
coefficients, and in the segmentation of travslley income. For evemnodel, attempts were
made to include coefficients showing travellersistvity to various atibutes of the airports,
airlines and access modes. These included fastmis as flight frequency, flight time (block
time, which indirectly takes into account airpaeongestion) and air fare, as well as access
time (in-vehicle), walk time to access modeg(ego public transport station), wait time for

access mode, and access cost, while we als@rexpthe influence of aircraft type (jet
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turboprop). Both linear and various non-linegrecifications of the different explanatory
variables were tested, where the best resméiee obtained with the use of a logarithmic
transform; this however only led to an improvent in model fit when applied to flight
frequency, whereas non-linear specificationslight time, in-vehicle time, access walk time,
wait time and fare led to unsatisfactory resultlso, some potentially important influences,
such as carrier loyalty, couldot be explored, due to laakf data. Similarly, it was not
possible to identify a significantréict effect of the on-time perimance of airlines or airports
on the respective choice probabilities. Attésngvere made to segment the population by
income, where three incomeogips were defined, segmenting thopulation into low income
(<$21,000 per annum), medium income (between $21,000 and $44,000 per annum) and high
income (above $44,000 per annum).

A further specification issue @h was explored was thecinsion of airport inertia
variables in the utilityfunctions, as discussed by WindeDresner (1995). In the present
analysis, we had information on the numbeflights a given traveller took from each of the
three SF-bay airports in the past twelvenths. For each one dhe three airports, a
coefficient in the utility function was thus assoe@twith the inertia variable for that airport,
where, to account for cross effgectoefficients in aiven airport’s utilityfunction were also
associated with the inertia variables of the namg two airports. After normalisation, this led
to the use of three airport specific inertieefficients and three crexoefficients (SJC and
OAK on SFO, and SFO on SJC). The inclusminthese variables did in each case, as
expected, lead to dramatic improvements igrllkelihood (LL), wherethe gains were even
more significant when using a log-transform, stlddt this approach vgaadopted. It should of
course be noted that the inclusion of thesoefficients could Bd to problems with

endogeneity, as the values of the past chmideators may be closely correlated with the
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other explanatory vaables and with unobservables. Thee&®dence on past choices would
also make this approach inapplicable in the case where the model was used for forecasting.
However, this is not the main purpose of the present analysis; furthermore, in each one of the
models used, the values of the remaining coleffits remained largely unaffected, suggesting

that the inclusion of these inerterms did not introduce major bias.

5.2 MNL models

In the following paragraphs, we describe the findings of the analysis fitting MNL models
to the six separate estimation datasets. The results of the various models are summarised in

Table 2 for residents and Table 3 for visitors.

5.2.1 Business trips by residents

The estimation dataset contains inforroation 1,098 business trips by residents. The
estimation process revealed significant effects of walk access time, access cost, in-vehicle
access time, flight time and frequency. Also, a tiegampact on utility is associated with
turboprop planes. The initial estin@t revealed an effect of d@re, however, this effect was
of the wrong sign (positive) for medium and higicome traveller, while the effect for low
income travellers was negative, it significant. As these rdssiare counterintuitive, it was
decided to drop these coefficients from the modleé fact that no significant negative effect
of fare could be identified can be partly eaipked by the poor quality d¢iie (highly aggregate)
fare data, but could also signatlifierence to fare increases tre part of business travellers,
at least in 1995. Finally, increase flight frequency lead tocreases in utility, where the
logarithmic transform ensurelecreasing marginal returns.

It was possible to segment the sensitivity to walk time and access cost by income,

although, given very low differences betweer #stimates in the low and medium income
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group, only two coefficients were retaineshe for people earning less than $44,000 per
annum, and one for the remaining travellers. Témults show lower seitisity to cost for
people with higher income, along with higlsensitivity to increases in walk time.

In terms of the airport inertia variables, the estimates show positive direct effects for all
three airports, with positive creeffects of past usage of(Gand OAK on the utility of SFO,

and a positive (but not significant) cross-effecpast usage of SFO on the utility of SJC.

5.2.2 Business trips by visitors

The estimation dataset contains inforrmaton 1,057 business trips lisitors. Just as

for resident business travellers, the initmlodelling estimates showed a positive (but
insignificant) effect of fare for high and medn income business travellers, while the effect
for low income travellers was negative, but not significant. Again, fare was thus excluded
from the models. In-vehicle access time and ss@®st are again significant, and negative,
with increasing sensitivity tan-vehicle access time with higher income (only two groups
could be used) and lower sensitivity to coghvhigher income (two gups only). Whereas it

was not possible to estimate a significant eftéatait time for resident business travellers, a
significant negative effect coulzk identified for their non-residecounterparts. However, the
estimate for flight time was no longer significant (but still negative],iewas not possible to
include an effect of equipment type, aglilis using turboprop planesere never chosen.
Also, with this model, no effect could besasiated with access walk time, while flight
frequency again has a positive effect. Finally, unlike in the model for resident business
travellers, the inertia cross-efit of past flights at OAK hasreegative effect on the utility of
SFO, while the cross-&f€t of past flightsat SJC on the utility of SFO is now insignificant,

while there is a positive cross-effeftSFO acting on the utility of SJC.
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5.2.3 Holiday trips by residents

The model estimated on the 831 observationsefgidents’ holiday trips suggests a lower
utility for flights using turboprop aircraft, netijge impacts by access cost and in-vehicle time,
and a positive effect of flightequency. All inertia coefficiels are positive, though the cross-
effect of past flights at SFO on the utility 88C is not significant. Rally, for this group of
travellers, a negative effect could be itiiged for fare (althoughof lower statistical
significance) while no effect calilbe associated with flightme and access walk time. No
significant gains could be made through sedingrthe population by income for any of the

coefficients.

5.2.4 Holiday trips by visitors

For the 534 visitors on holiday trips, no signifit&ffect of fare ould be identified, and
the effect of access cost, although of the comsagt, is not significant at the 95% level. In-
vehicle time has a significant negative effecthas flight time, whilancreases in frequency
lead to increases in utility. Finally, the aircréfpe coefficient had to be excluded from the
model (never chosen), while no effect couldidentified for wait time, and segmentations by

income did not lead to any gains in model fit.

5.2.5 VFR trips by residents

The estimates for the model fitted to tk@mple of 641 residents on VFR trips show
significant negative effects of access cost, in-dehime and flight fare, along with positive
effects of flight frequency. The inertia crosffect estimates are not significant, equipment
size could not be included amb effects could bédentified for walk time, wait time and

flight time, while segmentations by incomel ® a loss of information in the model.
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5.2.6 VRF trips by visitors

The final subsample used in the estimationhef MNL models contains information on
421 VER trips by visitors. The results show negative impacts of fare in the medium and low
income classes (with higher sensitivity in tloev income class), while the effect for high
earners was insignificant awdas dropped from the model. In-vehicle time and flight time
have a negative effect, with a positive effemtfrequency increases. Again, the inertia cross-
effect estimates are insignificant, while noeetf could be associatedth access walk time,

wait time, and access cost, and the turboprop coefficient had to be excluded.

5.2.7 Comparison

The discussions in Sections 5.2.1 to 5.2.&ehaevealed that there are important
differences across the six segments in the @btspecification of utility. The common point
across all the segments is that a logarithepecification is always preferable to a linear
specification in the case of the frequency andtimeoefficients. Significat effects of flight
fare could only be identified for resident haidand VFR travellers, asell as for visiting
VFER travellers, where there aa¢so differences across incorgeoups in fare sensitivity. In
terms of model fit, the models for residentsfpen better than those for visitors for business
and holiday trips, while the opposite is the case for VFR trips. Finally, it is of interest to
compare the substantive results across model&nGhe potential differences in scale, such
comparisons should only be made in the form of ratios in parameters. As fare is only used in
three of the models, it was decided to give gmefice to the trade-off tveeen flight frequency
and in-vehicle time. The coefficient estimated for in-vehicle tfine gives the marginal
change in utility resulting from an irgse in in-vehicle time by one minute. The

corresponding estimate for flight frequency gitee change in utilityassociated with an
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increase in the logarithm of frequency by amé, such that, with a base frequency fiights,

and coefficient estimat@-r, the change in utility is equal gy-r(In(f+1)-In(f)). The trade-off
between increases in flight frequency andeases in access in-vehicle time is thus given by
Prr (In(f+1)-In(f)) / Bar . The results show a higher willingness to accept increases in access
time for residents (values @fr/ f4r equal to 25.28, 22.3 and 29.47 minutes per additional
flight for business, holiday andFR trips respectively) than foisitors (values of 15.93 and
26.32 minutes respectively for high and lowame business travellers, and 14.01 and 10.38
minutes respectively for holidegnd VFR trips). The differences are especially significant in
the case of VFR trips, where the relative eabf frequency increases at its highest for

residents, while it is at its lowest for visitors.

5.3 NL models

Several important issues arise in the speafifon of NL models. Té analysis looks at
the combined choice of airport, airline aadcess mode. While heightened correlation is
generally expected between the different flightians at a given airport, it must equally well
be assumed that there is heightened cdimeldbetween the different flights operated by a
given carrier, and also betwetmo alternatives sharing thersa access mode. As such, there
is potentially a need to neby airport, airline, and accessode. However, a four-level NL
model (root, plus three additionkevels of nesting) would ndbe appropriate as the lower
level of nesting would be obsolete, given thatheaest would contain just single elementary
alternative (e.g. after the choice afport and airline, there is only one remaining alternative
for each access mode). This thus means théiest, a three-level structure can be used,
discarding one of the three pdssi nesting levels. This leadis six possible tree structures,

when one notes that a tree structure with airptwove airline is not equivalent to a tree
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structure with airline above airport. The useeaich of these six three-level structures was
attempted, however, none of them led to satisfgctesults. This suggests that a multi-level
structure is not applicable with the current datd specification of alternatives. Thus, in this
paper, we are restricted to two-level structuvesere the interest now lies in a comparison of
the performance of the three possilstructures (i.e., séing either by airport, or airline, or
access mode). In this section, we describe theltszobtained with each of these approaches.
Due to space constraints, only a very limited péthe results is reproduced here; the optimal
utility function specifications of the variousodlels were however essentially identical to
those of the corresponding MNhodels, although the use ohasting structure occasionally

led to a drop in significanaef individual coefficients.

5.3.1 Nesting by airport

The first set of models nest the alternatibgsairport, leading to 48lternatives per nest
(8 airlines and 6 accessodes). The results are summarised in Table 4, with t-statistics for the
structural parameters given limackets (calculatedithh respect to unity)For comparison, the
table again gives the finabd-likelihood of the correspondingNL models. The results show
that, for every single model, the structug@rameter of the nest containing the SFO
alternatives had to be constrad to a value of 1as it would otherwiséave exceeded this
value, becoming inconsistent with utility maximisation. This suggests that there is no
heightened correlation between the differentrafidves available from SFO. All else being
equal, passengers are not more likely to shifariother alternative at SFO than they are to
shift to an alternative at another airport.

Except for the case of visitors on VFR trip#)ere the structural parameter for OAK had

to be constrained to 1, the estimates for thecttral parameters of ¢hother two airports are
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always below 1. There are differences across madehe values of the structural parameters,

and also in the relattv values of the structural parameters for the SJC and OAK nests
(althoughis,c is generally lower thamoac), suggesting important differences between the
different groups of travellers. In terms of mbdie the use of theNL models leads to a
significant increase in log-likelihood, except in the case of visitors on VFR trips, where the
log-likelihood is virtually identical to that dhe MNL model, as is the NL model itself, given

that the SFO and OAK structural parameters are equal to 1, while the structural parameter for
SJC is very close to 1. Except for VFR trips, the improvements in model fit are more
important for visitors than for residents, an@ fbwer structural parameters for visitors on
business and holiday (only for SJC) trips suggekstiwer substitution effect between airports

(i.e. higher correlation for alternatives sharingaamport) than is the case for residents.

5.3.2 Nesting by airline

The lack of information on frequent flier programme membership means that there
should be some correlation in theobserved part of ity between differehalternatives that
share the same airline. As such, it is of interest to attempt to use a nesting structure that uses a
single nest for each airline, leading to 8 nesith 18 alternatives each. The results of this
analysis are summarised in Table 5.

In the models using nesting by airlina, comparatively high nuber of structural
parameters had to be constrained to a valde Nkvertheless, except for the model for visitor
VFR trips, the use of this structure resultedignificant increases ilog-likelihood over the
corresponding MNL models. Also, the great variability in the values of the structural
parameters for given airlines across the differeatlels suggests significadifferences in the

cross-elasticities in the different models. Téeact analysis of these cross-elasticities is
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beyond the scope of the present paper (given ttyehigh number of elementary alternatives);
however, the result® Table 5 could suggestahthe models are abte pick up some effect
of correlation between alternativessociated with given airlinett can also be noted that
airlines As and Ag on average have lower structural paeters than the other airlines. This
could at least be partly relateo the fact that these twordars run a budget airline scheme;
this sets them apart from other alternatiyegentially explaining the ecelation, especially in

the absence of an appropriate treatneéihe cost structure in the models.

5.3.3 Nesting by access mode

The results of this analysis are summarige Table 6. In many regards, nesting by
access mode proved to be the most promiaimgroach. Except for the model for business
trips by visitors (for whom thear and rental car market shares are generally lower than for
other groups), the structural parameter for car is always very low, illustrating travellers’ strong
allegiance to car as an access mode. A compja@mnstant low structural parameter is
observed for the taxi nest, whilthe structural parameter fire scheduled nest especially
varies widely across models. Unlike in the medasing nesting by giort and airline, the
present nesting approach leads to universadifstant increases itog-likelihood, including
the model for VFR trips by visitors. Also, in tgtanly three of the structural parameters had
to be constrained to a value bf Nevertheless, it should be notiat three of the structural
parameters reported in Table 6 are not statitichfferent from 1. Setting these parameters
to 1 however either led to a significant dropag-likelihood or did notead to significantly
changed values of the other structural parameters and coefficients. Finally, it should be noted
that, for holiday trips by visitors, the structudrameters of the caidpor to door and taxi

nests were constrained to have the same vagiuen that the initial estimates were almost
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indistinguishable. This led to a drop in tlog-likelihood by a mere 0.028 points. Overall, the
results from this section shaWwat important gains can be mdagusing a structure that nests
alternatives by access mode, suggesting that aewaflattributes that could not be included
in the utility functions lead to heightenedriaation between alternaés sharing the same

mode.

5.3.4 Summary of NL results

The analysis has shown that some gainmaalel fit can be obtained by using a nesting
structure, although these gains are often not as significant as expected. This could be due to
two very distinct reasons. Nested Logit misddiffer from the MNL model in that they
accommodate correlation between the unobserved components of utility. The first explanation
interprets the similarity in the performancegtu two models as an endorsement of the MNL
models. This would mean that the (observedityuspecification used gaures almost all of
the correlation in utility acrosstalnatives, reducing the scopetioé NL model to capture any
correlation patterns in the remaining unobserved part of utility. An alternative explanation is
based on the reasoning that the specific nestimigtates used are ligt better than the MNL
model in capturing the trustructure of the underlying oelations in the unobserved
component of utility. The same conclusion woekiend to the multiple-level NL structures
initially explored. It is not clear from the ginical results alone which of these potential
explanations is most appropriate. Perhaps the prostising direction for future research is to
explore the applicability of more flexible struatgrsuch as a cross-nested form. If these also
prove to offer little empirical advantage oviere MNL then clearly this would reinforce

confidence in the MNL structur@and conversely if a cross-nedt structure is empirically
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superior). However, the findings are in eawdse clearly specific tthe data and utility
specification used in the present analysis.

Although the gains in odel fit were not as important @pected, several conclusions
can be drawn from the analysis discussed alfeivet, there seem to be important differences
across population groups in the values of shictural parameters. Secondly, the results
indicate differences in performance betweentlinee nesting structur@sross the six datasets
used. As such, the models nesting by access teaddo the biggest gains in model fit for the
three datasets with resident travellers, whilewisitors this is only the case for VFR trips,
with nesting by airport leading the biggest gains in model far business antoliday trips.

Finally, nesting by airline ner leads to the biggest improvements in model fit.

6 Mode validation

Model validation consisted of using thetiemted models in conjunction with the
validation sub-sample of 519 observations (not usedodel estimation) in order to test the
ability of the models to correctly recoveretlobserved choices and market shares for the
various airports, airlines and access modes.

The validation approach produces, for everyeobation, a choice probability for each of
the 144 elementary alternativeghere this choice probability iadjusted using the weights
employed during estimation. From this, the averpagobability of correct prediction for the
actual choice in the validationreple can be calculated. Aside from this probability of the
choice of the actual trigt of airport, airline ath access mode, it is also of interest to look at
the probability of correct predicin of the choice for just the aog, just the airline, and just
the access mode. These probabilities can ber@atahrough summing the probabilities of the

single elementary alternatives falling intbe given group. Given the high number of
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elementary alternatives used in the models, ¢dhoice probability estimated for the actual
chosen alternative will notetessarily be very high (although the relagprebability should

be); the use of these aggregated choice probabils thus a more accurate measure of model
performance. Additionally, the choice probabiktitor the individual elementary alternatives
were used to calculate the weighted predictedket shares for indigual airports, airlines

and access modes, which could then be comparttetactual shares of these alternatives in

the validation sample, using the root-mean-squared error (RMSE) between the observed and
predicted shares (in perd¢age points) for the different composite alternatives.

The results of this analysis are summarised in Table 7. The first observation that can be
made from this table is the surprisingly higfobability of correct prediction of the actual
chosen alternative. Indeed, even in the poorest fitting model (holiday trips by visitors), the
probability of correct prediction is close to%0 which is very high when one takes into
account the extent of the choice set. In term#hefcorrect predictionf airport choice, the
probabilities range from 68.51% &3 high as 85.39%. This comparkesy well to results in
other studies, and the rates obtained in sontheimodels in fact exceed those obtained in
many previous studies. The parhance in terms of the choice of access mode is also very
good, although generally slightlyoprer than the performance tine case of airport choice,
which can at least be partlxmained by data problems in terrokthe availability of the car
mode, and lack of information on parkinghbgiour. The performance of the models in
predicting the correct choe of airline is poorer than thatrfthe choice of airport and access
mode; however the values still always exceeth58espite the extensive choice set of eight
airlines, and the lack of infmation on airline allegiance. &A@, superior performance could
be expected if better data were available, notalilly regards to fare structures and frequent

flyer programmes. The comparatively poor perfance of the models for holiday trips
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(especially by visiting travelleysee also Section 5.2.4) carspibly partly be explained by
the fact that at leastome of the travellers on such haldtrips have purchased a package
holiday (or special flight deal¥pr such deals, the choiceggess is potentially influenced by
factors that were not directimeasurable and could thus not be included in the models.

In terms of a comparison between the Aihd MNL models, the sailts show that in
general, the NL models perform slightlyttee than the correspoimdy MNL models. Even
more so than was the case for the differences in model fit described in Section 5, these
differences are however far less significant tlespected. This can again be seen as a
reflection of the good performancé the MNL models, or the indlty of the NL models to
recover meaningful underlying correlationtteans in the unobserved utility components.
Given the high correct prediction probabilitthe former reasoning however seems more
likely. Overall, the best performance seembédaiven by the models using nesting by access
mode, while nesting by airpoltads to good results especialtyr visitors on business and
holiday trips (reflected in thgood model fits reporteith Section 5). However, the differences
in performance between the individual structaesvery low, and it isot directly clear what
measure of error should be associated with thesgabilities, such thato certain conclusions
can be drawn. Nevertheless, it is interestingnate that, while the models using nesting by
access mode regularly outperform the other models in the correct prediction of the choice of
airport and airline, this form afiesting never leads to the best results in terms of the correct
prediction of mode choice. Indeed, the bestgraraince is in this case always obtained by the
model using nesting by airpofinally, even though the NL moded® thus not lead to very
important gains in model fit or prediction pamhance, they should be preferred, given their
more intuitively correct behaviour in terms thie substitution patterns between alternatives.

This comes despite a slight iease in the cost of estimation for these structures, which is
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however nowhere nearly as severe as whbemparing closed form models to mixture
structures such as Mixed Logit.

In terms of the models’ ability to recover the sample shares of the different composite
alternatives, the performance is againyvgood, with the poorest performance beinRVASE
of a mere 5.65 percentage points. With regards to a comparison between the performance of
the MNL and NL models, the results on averdgansvery similar perfanance, with the only
major outlier being theoor performance in terms of airpahares by the NL model using
nesting by mode in the model for VFR trips by residents.

In summary, the results shoxery good prediction performae for the different models,
where the performance is comparable, and sionally even bettethan the performance
obtained during a comparable application m the actual data used during estimation
(detailed results available on regtle This suggests that theodels have not been overfitted
on the estimation data. In a direct comparisgih the previous analysis conducted by Hess
and Polak (2005), the models presented in theeptgmper on averageakbto a better correct
prediction rate (with a correspand rate of around 72% in the previous study), showing that
important gains can be made by using disaggeetevel-of-service information for air travel
(i.e. avoiding the use of measures of overaWise at an airport),rad by explicitly modelling

the choice of airline and access mode.

Conclusions

In this paper, we have peged a detailed analysis ofethpint choicesof departure
airport, airline and access mode for passendeparting from the San Francisco Bay area.
The analysis has shown that several factorsst notably flight fequency and in-vehicle

access time have a significant overall impact anappeal of a given airport, while factors
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such as fare and aircraft size have a wsibiipact only for some of the population subgroups.
Here, it should be noted that, except for passengn very flexible tiokts, frequency is not
taken into account directly bthe respondents, but capturashost of effects, including
visibility, capacity, and schedeldelay (under the assumptionaftelatively even spread of
departure times).

Our study has highlighted the need to use rs#panodels for resident and non-resident
travellers, and has alsshown the benefit of using indddal models for different journey
purposes. From a utility specifttan perspective, the researsas shown that important gains
in model fit can be obtained through the use @ion-linear specification of flight frequency,
and for some journey purposes, through a setatien of the population into different income
classes. Finally, the inclusion of airport inertiariables led to very significant improvements
in model fit across all population segments.

In terms of model structure, the analysis Baswn that statistically significant gains in
model fit can be obtained rbugh the use of a Nesteldogit model, although these
improvements are less significant than expectetido not in general translate into important
advantages in terms of model prediction penfmnce. The modest extent of the gains in
performance is at least partly due to the iligito fit a model alowing for correlation along
multiple dimensions through using a more complicated nesting structure. As it is however
clearly desirable to simultaneously account the correlationsin unobserved utility
components along these three dimensions, the use of a cross-nesting structure is an important
avenue for further research. Here, the uppeellgvould contain a nest for each of the 17
composite alternatives, and each elementaryratiz’e would belong to exactly one nest in

each group (one airport, one airline and one access mode). By using separate structural
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parameters, such a model would be able twstie relative level of correlation between the
unobserved utility components along each of tmeeldimensions. Independently of this, the
paper has clearly shown the benefit of ey modelling the three separate choice

dimensions of airporgirline and access mode.
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TABLE 1: Destinations used in the analysis (number of respondents)

Destination airport

X
T = -
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5 2 ¢ ¢ & & 2 & 2 § 2 & £
m [a) [a) 5 9 (@] (@) [a o a4 (7)) (7)) 9] (@] IE
SFO" [ 55 65 36 57 199 35 89 140 128 1 258 213 42 37 1,355
[A)i?gf)rr:”re SJ¢ | 167 71 91 163 367 111 58 106 133 156 248 169 61 247 2,148
OAK® | 211 9 25 68 381 135 1 101 51 39 139 208 43 177 1,588
Total 433 145 152 288 947 281 148 347 312 196 645 590 146 461 5,001

1. SFO = San Francisco International
2. SJC = San Jose Municipal
3. OAK = Oakland International
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TABLE 2: MNL results for reslents (selected coefficients)

Access cost ($)

Access cost ($), inc. >$44,000 p.a.
Access cost ($), inc. <$44,000 p.a.
Access in-vehicle time (min)

Walk time (min), inc. >$44,000 p.a.
Walk time (min), inc. <$44,000 p.a.
Fare ($)

Flight time (min)

Flight frequency (log of frequency)
Turboprop (dummy)
OAK on OAK

SFO on SFO

SJCon SIC

OAK on SFO

SJC on SFO

SFO on SJIC

Inertiavariables

(log of flightsin
last 12 months)

Observations

L og-likelihood
2

P

Business
estimate t-test
-0.0244 -2.86
-0.0358 -4.17
-0.0522 -12.13
-0.1531 -2.97
-0.1139 -2.47
-0.0471 -2.37
1.3183 10.77
-2.5296 -3.20
1.9993 9.44
1.1829 9.62
1.9641 8.49
0.6619 3.37
0.7845 3.68
0.1731 1.07
1,098
-1551.62
0.5934

Holiday
estimate t-test
-0.0208 -2.21
-0.0594 -12.94
-0.0131 -1.90
1.3235 9.35
-4.2294 -2.70
2.1024 5.09
1.1887 7.89
2.5909 5.04
0.8328 1.98
1.4302 2.71
0.1618 0.79
831
-1384.81
0.5198

VFR
estimate t-test
-0.0223 -2.29
-0.0490 -9.43
-0.0267 -3.03
1.4447 7.87
2.2919 5.24
2.0488 8.83
3.1690 5.87
0.4413 1.02
0.5574 1.10
0.0292 0.09
641
-1050.84
0.5157
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TABLE 3: MNL results for vigors (selected coefficients)

Access cost ($)

Access cost ($), inc. >$44,000 p.a.
Access cost ($), inc. <$44,000 p.a.
Access in-vehicle time (min)
In-vehicle time (min), inc. >$22,000 p.a.
In-vehicle time (min), inc. <$22,000 p.a.
Wait time (min)

Fare (%), inc. <$21,000 p.a.

Fare ($), inc. [$21,000,$44,000] p.a.
Flight time (min)

Flight frequency (log of frequency)
OAK on OAK
SFO on SFO
SJICon SJC
OAK on SFO
SJC on SFO
SFO on SIC

(log of flightsin
last 12 months)

Inertia variables

Observations

L og-likelihood
P 2

Business
estimate t-test
-0.0219 -2.55
-0.0286 -3.94
-0.0820 -14.43
-0.0496 -7.18
-0.2507 -3.28
-0.0293 -1.39
1.3066 11.34
1.1881 6.57
1.9324 9.39
1.3973 6.10
-0.7172 -3.36
0.0075 0.03
0.5032 2.38
1,057
-1517.68
0.4477

Holiday
estimate t-test
-0.0145 -1.66

-0.0769 -13.22
-0.0908 -3.42
1.0783 751
1.2529 2.90
0.7514 3.97
2.0564 4.42
-0.4741 -0.99
0.8318 1.86
-0.1084 -0.34
534
-1018.24
0.387

VFR

estimate t-test

-0.0698 -11.06
-0.0501 -3.55
-0.0267 -1.95
-0.1522 -5.12
0.7244 441
1.3899 2.96
1.0991 3.35
2.2569 4.17
0.1887 0.35
-0.1219 -0.17
0.1809 0.42
421
-621.81
0.5236
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TABLE 4:

NL results for nesting by airportstatistics calculated with respect to 1)

Business Holiday VFR
Resident Visitor Resident Visitor Resident Visitor
MNL LL -1551.62 -1517.68 -1384.81 -1018.25 -1050.84 -621.81
NL LL -1545.14 -1487.71 -1372.19 -999.51 -1039.67 -621.62
NL p2 0.5951 0.4586 0.5242 0.3983 0.5208 0.5237
AsFo 1.00 1.00 1.00 1.00 1.00 1.00
Asic 0.7829 (4.02) 0.5259 (10.64) 0.7627 (4.08) 0.4399 (8.79) 0.6708 (5.5) 0.9333 (0.63)
hoak 0.8925 (1.64) 0.7178 (3.7) 0.725841) 0.7373 (2.24) 0.7828 (3) 1.00
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TABLE 5: NL results for nesting by airline-§tatistics calculated with respect to 1)

MNL LL
NL LL
NL p?
>\‘A1
A A2
A A3
A a4
Aas
A a6
A a7
A ns

Business
Resident Visitor
-1551.62 -1517.68
-1536.66 -1507.62

0.5974 0.4514

0.9499 (0.25)
0.6108 (4.59)
1.00
1.00
0.7433 (3.35)
1.00
1.00
0.8389 (0.9)

0.9617 (0.14)
0.9822 (0.16)
0.8895 (0.36)
0.653§2.22)
0.6317 (2.22)

1.00

1.00
0.7921 (1.13)

Holiday VFR
Resident Visitor Resident Visitor
-1384.81 -1018.25 -1050.84 -621.81
-1371.21 -1003.93 -1034.07 -620.24
0.5245 0.3956 0.5234 0.5248
0.92@732) 0.69841.34) 1.00 1.00
0.7841 (1.05) 0.6249 (4.62)  0.8663 (1.47)  0.8606 (1.17)
1.00 0.769711) 0.8617 (0.43) 0.8549 (0.61)
1.00 0.72371.07) 1.00 0.67621.25)
0.7379%6@) 0.3917 (4.97) 0.6344 (3.92) 1.00
0.99670.03) 0.6761(2.44) 1.00 0.7938.13)
1.00 1.00 1.00 1.00

0.7240 (3.28)  5Zm8 (7.01)  0.6664 (1.35)  0.8399 (0.71)
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TABLE 6: NL results for nesting by access mdtstatistics calculatedith respect to 1)

Business Holiday VFR
Resident Visitor Resident Visitor Resident Visitor
MNL LL -1551.62 -1517.68 -1384.81 -1018.25 -1050.84 -621.81
NL LL -1520.42 -1508.79 -1351.18 -1004.26 -1007.20 -603.07
NL p 2 0.6016 0.4510 0.5315 0.3954 0.5358 0.5379
Acar 0.1793 (15.6) 0.4531 (7.4) 0.1252 (20.9) 0.1632 (11.8) 0.1325 (21.6) 0.0871 (22.0)
Ascheduled 0.1919 (10.5) 0.6378 (1.2) 0.1763 (8.9) 0.1455 (7.6) 0.0455 (39.9) 0.7961 (0.3)
Mransit 0.3118 (5.3) 0.2473 (4.6) 0.3023 (5.1) 0.3299 (2.6) 1.00 0.0180 (49.1)
Adoor-2-door 0.2929 (6.3) 0.4988 (1.6) 0.1796 (12.3) 0.1632 (11.8) 0.1792 (9.2) 0.1192 (12.6)
Maxi 0.1283 (19.7) 0.3805 (7.2) 0.0901 (29.3) 0.1632 (11.8) 0.1731 (10.5) 0.0543 (27.9)
Mimousine 1.00 0.3636 (4.6) 0.2211 (5.6) 0.2475 (3.9) 0.3094 (5.1) 1.00
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TABLE 7: Model validaton using control sample

Recovery of weighted sample shares

Average probability of correct prediction (RMSE in percentage points)

Elementary Access Access

Segment Modedtructure alternative  Airport mode  Airline Airport mode Airline

29 MNL 47.13% 84.04% 84.04% 60.68% 4.22% 2.26% 4.18%
ﬁ E NL nesting by airport 48.02% 83.69% 85.22% 61.06% 4.34% 1.80% 4.12%
é % NL nesting by airline 47.90% 84.18% 84.92%  60.30% 4.02% 1.94% 4.21%
NL nesting by mode 48.41% 85.39%83.76% 61.33% 3.16% 2.41% 3.87%

_ 2 MNL 34.33% 70.69% 70.18% 55.39% 3.02% 2.32% 2.30%
s NL nesting by airport 36.19% 70.69% 72.39%  55.90% 3.10% 2.39% 2.46%
'(>£ é NL nesting by airline 35.00% 71.21% 71.08%  55.27% 3.09% 2.26% 2.27%
NL nesting by mode 34.65% 71.11%70.25%  55.49% 2.83% 2.37% 2.19%

I MNL 30.56% 69.58% 67.72% 54.93% 1.90% 2.88% 3.64%
% -S NL nesting by airport 31.39% 69.16% 68.91%  55.03% 1.84% 3.48% 3.55%
§ E NL nesting by airline 31.82% 70.24% 68.64%  54.79% 1.99% 3.16% 3.64%
NL nesting by mode 31.38% 70.98%67.29%  55.46% 2.22% 2.66% 3.60%

. MNL 27.21% 69.53% 63.22% 53.31% 3.51% 2.89% 5.65%
e _—S NL nesting by airport 28.97% 68.51% 66.41% 54.34% 3.19% 2.97% 5.19%
-% E NL nesting by airline 27.78% 68.61% 64.24%  51.60% 3.62% 2.95% 5.60%
NL nesting by mode 27.78% 72.41%62.11% 53.49% 3.51% 3.05% 5.65%

= MNL 36.58% 80.83% 66.47% 60.26% 0.83% 2.27% 1.50%
% E NL nesting by airport 36.74% 80.07% 67.50%  60.08% 0.99% 2.44% 1.61%
é > NL nesting by airline 36.50% 80.36% 67.26%  59.41% 0.51% 2.37% 1.58%
NL nesting by mode 39.60% 84.97%66.16% 61.36% 2.46% 2.38% 1.25%

E MNL 36.83% 73.20% 77.08% 60.97% 3.07% 5.39% 4.30%
E NL nesting by airport 36.81% 73.13% 77.25%  60.73% 3.09% 5.45% 4.33%
-*Ug, NL nesting by airline 36.93% 73.26% 76.96%  60.52% 3.19% 5.38% 4.29%
> NL nesting by mode 37.83% 74.46%76.98% 61.04% 3.08% 5.19% 4.11%
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