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 Abstract

Contemporary studies regarding mode choice to airports have been intuitively pursued using Disaggregate Demand Analysis based on the Theory of Utility Maximisation. Rising competition and the precarious financial situation of some of the world’s leading airlines have led to a preoccupation with developing models which tend to explain passengers’ choice of airport. In this study, passengers’ mode choices are solicited by conducting a Revealed Preference (RP) survey on a cross section of local residents. A Multinomial Logit approach is adopted considering its suitability in this study where the choice set consists: car (long stay parking), car (short stay parking), taxi, metro and bus. Newcastle International Airport, which is located in the northeast of England, is chosen as the case study airport. The model developed explains passengers’ mode choices in terms of access time, household car ownership, the size of the access group and luggage count. A market segmentation approach further allows sub-models to be developed for the following homogeneous groups of air-passengers: business passengers, leisure-passengers, passengers on domestic flights, passengers to international destinations, low-income passengers (( £20,000) and high-income passengers (> £20,000). The addition of an extra automobile in a household is found to increase the odds of using car (long stay parking) to bus by a factor of approximately six. Business travellers are more sensitive to access time than passengers travelling mainly for leisure. Passengers to domestic destinations are found to be more sensitive to access time compared to international-bound passengers and finally, high income earning air travellers value time more than low income earning passengers.
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1. Introduction
The alarming growth in the demand for air travel has been reaffirmed in recent airport studies. Aviation growth has now been forecasted to double in the next 20 years and treble in the next 30 years (Upham et al., 2003) with consequent growth in the number of surface access trips made to airports mainly by air passengers. In order to sustain such growth within congestion and environmental limits, Governments around the world have sought to promote the use of public transport to airports. Shifting passengers from the use of the private car to transit in the case of airport access is an emerging challenge and has been constantly featured on the transport agenda of most Governments. This has subsequently led to the implementation of ASAS (Airport Surface Access Strategies) in the UK and ISTEA (Intermodal Surface Transportation Efficiency Act) in the US. Both pieces of legislation commonly aim at promoting the use of public transport by linking the airport to the existing ground transportation system. Modal share statistics complied by the Civil Aviation Authority in the UK (CAA, 2003) for major airports are shown in Figure 1. 
These figures indicate an overwhelming use of the automobile by air passengers in accessing airports.  Legislation now requires proactive involvement by airport authorities as a prerequisite for further expansion of facilities to cope with air travel demand.  As such, managers and airport authorities would wish to pursue those improvements that passengers reveal as most important in their choice of transport mode to airports and it is against this background that this work derives its motivation.  The principal objective of this study is therefore to analyse the choice behaviour of air passengers when accessing airports. Mode choice is a priori modelled in terms of air-travel attributes, transport system attributes and passengers’ socio economic variables sourced from a Revealed Preference questionnaire.

2. Disaggregate Modelling of Air Travel Demand
In one of the earliest studies on disaggregate modelling of airport choice; Skinner (1976) uses a MNL structure for airport choice analysis in the Baltimore-Washington D.C. area. The independent variables used were access costs and frequency of flights. In assessing the utility of passengers, access time performed just as well as access cost. Ground costs were relatively more important to non-business travellers than to business travellers in their choice of airports and elasticities associated with ground access were much higher than elasticities associated with flight frequencies.
Pels et al. (2003) performed a Nested Logit (NL) analysis of the combined choice of airport and airline. Alternative formulations of the tree structure were developed and it was found that the best explanation of the airport-airline choice occurred with the airport choice at the upper level and the airline choice at the lower level. This formulation proved statistically and theoretically superior to the nested model with a reversed decision tree for both business and leisure travellers in the San Francisco Bay area. It also outperformed the MNL model. Airfare was not included in the analysis due to unavailability of data. 
Bhat and Basar (2004) attempted to address the issue of latent availability as applied to airport choice analysis and acknowledged that not all passengers consider all available airports. In order to do this, they have proposed the use of a 2-level modelling structure in which airport choice is preceded by a choice generation stage. A Probabilistic Choice Set Multinomial Logit (PCMNL) model was proposed and this generalised the standard MNL model used in previous airport access studies. Flight frequency turned out to be the most important factor.
Hess and Polak (2005) recently considered the application of the Mixed Multinomial Logit (MMNL) structure to the analysis of airport choice in the San Francisco Bay area. The motivation was to allow for random distribution of tastes across the air-passengers. Hess and Polak (2005) is able to identify significant sampling bias in the air-passenger data set, where the passengers interviewed at the 3 main airports (San Francisco International Airport, San Jose International Airport and Oakland International Airport) are not representative of the actual real world traffic at these airports. Use is therefore made of the Weighted Exogenous Sampling Maximum Likelihood (MESML) approach to correct the biased sampling methodology where each observation is assigned a chosen alternative compared to its market share in the sample used in the analysis. Air-travel level-of-service variables investigated were airfares and frequency of flights on the different routes by the different airlines. The MMNL model used was that similarly applied by McFadden and Train (2000) as reported by Hess and Polak (2005) but within the framework of passenger sensitivity difference to such factors such as fares and frequencies. To address the issue of diminishing marginal returns in utility, the use of a non-linear specification was adopted for only flight frequency after several attempts to apply it to the other coefficients of fare and access time without any significant gains in model fit. It was found that access cost had no significant impact in any of the models and so it was not possible to give an estimate of the value of access time savings. 
3. Methodology
In this study, the general methodology applied addresses the required steps in conducting and applying a household-based RP survey to the modelling of mode choice for air passengers. The study airport is Newcastle International Airport (NCL), which is the largest airport in the northeast of England but classified overall as a medium sized airport in the UK (Ben-Akiva and Lerman, 1985). Five different travel modes are identified (car-long stay parking, car-short stay parking, taxi, metro and bus) and the choice of any one of the identified means is considered independent of any other travel choice (flight, airport or even destination). Given that there are more than 2 alternatives, a Multinomial Logit (MNL) structure is adopted under the common assumptions of IIA (Independence of Irrelevant Alternatives).
3.1 The RP questionnaire

The main philosophy behind the design of the questionnaire was a desire to minimise agitation and frustration to respondents as much as possible within pragmatic limits. In view of this, a minimum number of questions were used to solicit the needed information. This resulted in the construction of a three-section questionnaire:
· Passenger’s socio economic characteristics,

· Passenger’s journey to the airport, and

· Characteristics of passenger’s air trip. 

Variables of the transportation system that are investigated are Travel Time (TT) and Travel Cost (TC).  A priori socio economic characteristics of the air passenger, believed to influence mode choice to the case study airport, are also solicited and include Possession of drivers licence (DRVL), Personal gross annual income group (INC), Household car ownership (HHC), Sex (SEX), Age (AGE), Size of access group (GRP), Luggage count (LUGG).
Characteristics of the air passenger’s trip are expressed in terms of purpose of journey (PURP) i.e. business or leisure and the type of flight (FLT) i.e. domestic, international (scheduled) or international (charter). This enables the adoption of a market segmentation approach in the modelling of passengers’ preferred access mode to the airport. It was initially intended to collect a large enough and representative sample and thus minimise error so that estimates do not significantly differ from the true or correct values.  Practical concerns relating to resource and time served as the main consideration in this regard and a reasonable balance were achieved between accuracy and cost. The aim was therefore to collect a size that would result in sufficient statistical representation of the different mode choices. This study adopted the Random Sampling Approach to draw the sample for two main reasons:
· The derivation of the standard MNL model is based on the assumption that the data used to estimate the model is randomly drawn from the population of observations

· It allows for a relatively straightforward analysis to be performed with easy interpretation of results.

The drawback with this approach is that certain categories of passengers may eventually not be well represented in the final sample obtained. To overcome this possibility, enough time was allowed for data collection. This allowed us to conduct the survey again after the main survey in a sporadic sequence and with a more targeted approach.

The survey was administered to respondents as a paper-based face-to-face interview in order to minimise the number of incomplete responses. This also allowed for further clarification of misunderstood questions. The researcher-based method was seen as more efficient because it allowed the interview to be conducted in different environments such as shopping malls, whereas the other common approaches are typically feasible in limited environments e.g. internet or phone interviews.

In order to test the method of administering the questionnaire and to assess the general questionnaire operation in efficiency terms, a pilot survey was carried out on 30 respondents within the local area in June 2006. This further allowed the collection of relevant information about an unknown population and to evaluate respondents’ understanding to the proposed questions. The actual data collection process occurred during July 2006 at three different locations in the Tyne and Wear district in the northeast of England: 

· British Telecom (BT) Call Centre (318 questionnaires)

· Works and Pensions Department (200 questionnaires)

· The Metro Centre shopping mall in Gateshead  (106 questionnaires)
Respondents were asked whether they had accessed NCL in the past year for travel purposes. Those who responded positively, they were interviewed based on their most recent experience. These locations attract large numbers of residents for work, shopping or recreation and did provide the amount of variability required in a typical RP survey. Data cleaning was confined to the removal of questionnaires which contained illogical responses e.g. incorrect postcodes. In all, 6 of such questionnaires were identified and removed. The total number of valid responses analysed were therefore 618. 

3.2 Estimation of travel cost

During the process of data preparation it was discovered that the number of respondents who had chosen to access the airport by the car-hire mode could not permit any meaningful statistical analysis and as such this was left out of the analysis. The remaining five modes produced significant outcomes (numeric responses) and these were the alternatives that were eventually modelled. For users of public transport, travel cost was simply taken as the fare charged (out-of-pocket expense). In the case of passengers who accessed the airport via private car, the total access-cost was taken as the sum of fuel costs and any incurred parking expenses.
3.3 Estimation of parking costs

The cost of parking was derived for the respondents who chose the car alternative. This was based on how long an accompanied driver stayed at the airport or how long the traveller was away on his or her trip. Respondents were asked to state the duration of their travel or the time spent with them by an accompanied driver. Standard parking tariffs at NCL were obtained. Such information was used to estimate parking charges incurred for passengers who used the airport’s short-stay or long-stay parking facility. 
3.4 Estimation of fuel cost

Since fuel consumption is a function of distance, it was found necessary to first estimate distances travelled. Knowing the postcode of the case study airport, the methodology employed was to solicit origin postcodes of  passengers, through the  questionnaire, and then apply AUTOROUTE (an internet-based routing program on Google Maps) to obtain these distances (in miles).  A value of 10.92 pence per mile was derived for fuel consumption based on standard data published by the AA Motoring Trust for 2005. Fuel costs from these official tables are based on an average user buying a new car and replacing it after 4 years. They are also differentiated according to the purchase price of the car when new and last but not least the type of fuel (petrol or diesel). This study recognises that the application of an average value for fuel consumption across individual decision makers is an aggregate technique. Extra questions in the questionnaire could have been asked to solicit the kind of information needed to ascertain fuel consumption for the individual decision maker. It was however thought that this would make the questionnaire more complex and ultimately compromise on the quality of the responses. The result of aggregating fuel cost is mitigated in this study by obtaining a varied data set. Thus fuel cost is given as:

Fuel Cost = 10.92 (pence/mile)*Distance (miles)

3.5 Estimation of travel time 

· For car (short-stay parking), car (long-stay parking) and taxi, access time was similarly obtained from AUTOROUTE using Google Maps.

· In the case of metro or public bus, passengers were asked to state the amount of time perceived to get to the airport. This included walk and wait time in addition to in-vehicle time.
4. Modelling Approach
The basic objective of the logit model is to estimate a function that determines outcome probabilities based on utility theory. Based on the descriptive analysis of the revealed preference dataset, alternative formulations of the mode choice models were tested.  The main hypothesis used in this thesis is that travellers’ choice of mode can be explained using the Random Utility Theory (RUT). Within this context the most widely applied modelling formulation used in discrete choice analysis, namely the logit model, was used.

4.1 Model Formulations

The DCA allows the analyst to describe the utility of an alternative (U) using observed variables (V) and unobserved factors in the form of an error term (ε).  Using the notations proposed by by Ben-Akiva and Lerman (9), the utility can be expressed as follows:
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Where,

Uin: the utility of alternative i for individual n.

Vin: the systematic (deterministic) component of utility of i for individual n. 

εin : the random (disturbance or error) component of utility i for individual n.
The individual is always assumed to choose an alternative with the highest utility.  However, the utilities are not known to the analyst with certainty.  The common practice of treating this uncertainty is by considering them as random variables.  
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Where,
Pin: the probability that the individual n chooses alternative i. 

Cn: the choice set of the individual n. 

Under the assumption that εn (= εjn-εin) is logistically distributed, the probability that individual n chooses the alternative i ( Pin) is proposed by Ben-Akiva and Lerman (9) as:
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4.2 Model specification

In specifying the functional form of utility, a linear-in-the-parameter specification was ultimately used. Attempts were made to specify some of the variables as log-variables (to allow for diminishing marginal utility). However, no gains in model performance were observed and as such no transformations were made to the variables. Utilities were specified as:
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Where,

V is the deterministic component of utility derived by the nth individual in choosing alternative i. 

X is the vector of variables that vary across mode outcome by individual n. 

Z is the vector of characteristics specific to the nth traveller.

(1 is the constant term for alternative i, 

(2 represents vector of estimable parameters corresponding to X, 

(3 represents vector corresponding to variables that do not vary across alternative outcomes.            

4.3 Model estimation

The estimation of discrete choice models involves a search for the beta-values (parameter estimates) and is based on the Maximum Likelihood (ML) method. The ML estimates are the best (least variance) linear unbiased estimators of the underlying population. SPSS (v 14) was used for statistical analysis of the data. Due to excessive correlation between travel time (TT) and travel cost (TC), estimation of models was not possible with the inclusion of both variables. Both variables were therefore successively used without the other and based on model performance, TT was unanimously a more sensitive variable then TC. Travel cost did not therefore enter any of the models and as such VTTS could not be estimated.
4.4 Statistical evaluation

This basically involved determining the statistical significance of the estimated parameters in the MNL model and assessing the fit of the model to the corresponding used RP data through a goodness of fit statistic ((2).

5. Estimation Results
Empirical modelling was based on the data collected through the RP survey. The access modes modelled were taxi, metro, bus, car-long stay parking and car-dropped off. There are plans underway to construct a rail link as noted in the airport’s 2005 master plan for the year 2016 and when this unfolds, the set of available main surface access modes will include rail in addition to those modelled in this work. Results were obtained by Multinomial Logistic Regression using SPSS software (version 14). This is based on the Hessian matrix and on the selection of a reference categorical alternative, in which estimated parameters are set to zero. Household Car Ownership (HHC), Luggage (LUGG), Gender (SEX), Income (INC), Age (AGE), Purpose of Travel (PURP) Type of Flight (FLT) and Group (GRP) were successfully entered into the model as dummies in a step-wise process to see whether these attributes could capture further insight into the behaviour of passengers within the context of ground access to airports. The variables that produced marked improvements in the fit of the model and thus included were LUGG, HHC and GRP. 

5.1 Mode choice model for air passengers

Table 1 gives the results for the basic model. An attempt is made here to explain mode choice in terms of only access time (TT). Inclusion of LUGG, HHC and GRP as dummy variables improves the model, captures the choice behaviour and produces a model with a satisfactory (2 value of 0.181. All coefficients in the model are found to be significant at the 10% level. 

5.2 Models for the different market segments

Models were also estimated in this study for the different markets of air travellers. The set of variables included in these sub models depended on the value of the goodness-of-fit statistic and the significance of beta values for different combination trials. Passengers were segmented according to:
· Purpose of journey (leisure or business)

· Type of flight (domestic or international) and; 

· Gross personal income

For Leisure-bound travellers, TT, HHC and LUGG resulted in the best possible fit ((2 of 0.170). Model results for Leisure passengers are summarised in Table 2. Most of the coefficients are found to be significant.  For business travellers, TT and HHC produced the best-fit model with (2 equal to 0.256 (Table 3) resulting very high level of significance. 

Passengers travelling within the UK (domestic destinations) were also modelled and the best possible fit ((2 of 0.140) was obtained by combining TT, LUGG and GRP. All coefficients were found significant at the 10% level (see Table 4).  Passengers to international destinations produced a best-fit model ((2 value of 0.188) with TT, LUGG, HHC and GRP and most of the coefficients are found to be significant (see Table 5).  

Two income groups were formulated and modelled based on the gross personal earnings of respondents:

· Income Group 1 (less than or equal to £20,000)

· Income Group 2 (greater than £20,000)

For Income Group 1, TT, LUGG, HHC and GRP were all included to yield a best-fit value of 0.199 (see Table 6). Table 7 (Appendix 1) gives modelled results for Income Group 2. TT, HHC and GRP were combined to produce a (2 value of 0.214 making all coefficients to be significant at the 10% level.
6.  Interpretation of Results
The results of empirical analysis show that the estimated models can be used as an effective tool to represent the actual behaviour of resident passengers as they embark on the independent decision to choose an access mode to an airport. Revealed preference data on passengers’ choices indeed provides the most reliable measure of actual behaviour and was sufficient to meet the objective of this study. However the decision to use such a technique should be considered in line with the main objectives of any study for the following reasons:

· Variables of interest may be correlated for some or even all of the alternatives. This can cause severe problems in the estimation process and even when estimation is possible, the reliability of the estimated coefficients is uncertain. In this respect, an SP experiment can be used to “custom-tailor” the variables of interest so that the effects of multicollinearity are minimised.
· If choice behaviour of the different markets is a prime objective of the study than care should be taken when using a random sampling technique because there is less chance of obtaining significant number of choices for the alternatives in the subgroups of interest as the number of alternatives increases. A more efficient sampling strategy (e.g. stratified sampling) is suggested in such situations, so that sub-samples can be supported statistically. If the standard MNL structure is chosen, then the use of such advanced sampling techniques would have to be taken into account in order to correct the estimated parameters.

Multinomial Logistic Regression is found appropriate for this study primarily because the number of alternatives confronting the passenger is more than two. Secondly, it is used because it allows for a practical means of comparing the probability of selected outcomes with any of the other alternatives in the choice set. Finally it is chosen because it computationally tractable and provides simple interpretation of results.

The basic model reasonably demonstrates the mode choice behaviour of passengers in terms of access or travel time.  The mode constant is positive for all modes suggesting passengers’ preference for these alternatives over bus. This is an expected outcome because passengers generally consider bus to be an inferior mode with greater waiting times and inconsistent schedules. In the case of car (long stay), however, this was not a significant claim and we attribute this to the fact that high parking costs associated with car (long stay) is well perceived and makes it not so popular against bus. In the basic model, all the modes are found to be preferred to bus for shorter access times although this could not be significantly stated for car (long stay). Bus is not competitive in terms of cost over short distances in the study zone. Passengers are therefore drawn to the other modes in such cases given their other advantages.

Model results obtained in subsequent addition of dummy variables (LUGG, HHC) followed a similar trend with 2 or more of the estimated coefficients not being significant at the 10% level. HHC had an overwhelming influence, with passengers preferring all the modes to bus as the number of cars available to them increases. With the exception of metro, the influence of luggage was also unanimous, with passengers again preferring these modes to bus as the number of luggage increases. Passengers were however observed to be drawn towards bus rather than metro for progressive increase in luggage (all other factors remaining constant).

The inclusion of the GRP variable provided the best goodness-of-fit measures with all the coefficients being significant at the 10% level. These results indicate that the variables or data selected to explain mode choice variation fit with the developed models. In the final model, TT, HHC and GRP produce alternating opposite effects on passengers’ choices with passengers preferring all the modes to bus for shorter access times to the airport as the number of household cars increase with less people in the access group. All the modes except metro are preferred over bus as luggage increases. The disparity luggage causes in the case of metro is explained as follows:
· Buses often offer safe luggage compartments (internally or externally) that relieve the passenger of the burden of having to watch over personal possessions while on the bus.

· Greater disutility is associated with having to carry luggage up and down escalators and ramps commonly found at many of the Tyne and Wear metro stations.

In the analysis of the different markets, passengers travelling for business purposes proved to be more sensitive to travel time than passengers travelling for leisure. This was in agreement with the outcome of previous studies. Whereas luggage significantly explained the choice behaviour of business travellers, it could not add to model performance in the case of leisure. Resident passengers were shown to be attracted more to taxi against bus, whereas leisure-bound passengers naturally prefer metro to bus. Domestic passengers however were more sensitive to access time than international passengers. We attribute this to the fact that domestic flights have tighter time requirements for checking in of items whereas passengers to international destinations are normally required to check-in 2-3 hours before departure. Also worth noting is the fact travel time, luggage, car availability and size of access group entered into the model for international passengers whereas HHC failed to improve the model for domestic passengers. Both markets were however greatly drawn to metro than the other modes when compared to bus. The models developed for the two formulated income groups had very high measures of fit (0.199 and 0.214 respectively). However passengers earning more than £20,000 (Income Group 2) proved to be more sensitive to travel time than those earning less than £20,000 (Income Group 1). Size of the access group was a more sensitive determinant of mode choice for Income group 1 whereas HHC was the more sensitive independent variable for Income Group 2 (compared to Income Group 1). All the models developed for the different market segments had either one or two insignificant coefficients except for “Domestic Passengers” and “Passengers earning 20,000 or more” in which all parameters estimated were significant at the 10% level.

6.1 Quantitative interpretation of beta values

A quantitative interpretation of the estimated parameters (β values) is given in this study using the concept of odd ratios which is expressed mathematically by equation 5 [8, 9]:
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Thus for every one unit increase in an independent variable Xi (travel time, size of access group, household car ownership or luggage count), the odds (Pi/1-Pi) increases by a factor EXP(. Applying this to the case of the base model (Table 1), some findings obtained are:

· The addition of an extra automobile in a household has the effect of increasing the odds of using car (long stay) rather than bus by a factor  of  6 (approximately)
· For every 10-minute increase in travel time, the odds that a passenger will select car (long stay) rather than bus is reduced by a factor of  0.4( approximately)
· The odds of using car (dropped off) rather than bus reduces by 0.632 (greater than half) if the size of the access group increases by one member.
This approach can also be extended similarly to test the sensitivity of the independent variables on mode choice for the various market segments modelled in this study.
6.2 Policy Implications

Marginal Rate of Substitution (MRS) values were calculated for pairs of variables in the developed utility functions for each mode.  This provided the trade-offs that passengers are making between the attributes.  For MNL models, MRS values are obtained by simply dividing the coefficients of the two variables of interest:
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Some sensitivity results of this analysis are obtained as:

· ~18 minutes increase for a reduction in one piece of access-group luggage (metro).

· ~11 minutes increase for a reduction in the size of the access-group by one person (car-dropped off).

· ~16 minutes increase for a reduction in the size of the access-group by one person (car-long-stay).

· ~12 minutes increase for a reduction in the size of the access group by one person (taxi).

7. Conclusions
This study looks at surface access to airports in terms of the different travel modes that are used by individuals. Investigating certain factors, believed to influence the use of a particular mode over other available modes, is the principal motivation for this work. Newcastle International Airport is taken as the case study. The scope is defined in the early stages of this research to comprise only resident passengers. However due to the increasing number of visitors to the North East of England the number of surface trips made by this category of air-travellers has become very significant. It would therefore be an interesting area of research to investigate the choice behaviour of visitors as well. 

This study considers mode choice as an independent, stand-alone or last minute decision of the passenger. This stance differs from the majority of studies conducted in this field where access time and access cost (factors determining mode choice) have primarily been considered as choices among a set of other choices (mainly frequency of flight) responsible for the selection of an airport. The approach used in this study is in response to the need for airport authorities to promote public transport to airports in order to sustain growing trends in air-travel demand. The empirical analysis used RP data collected on passengers’ preferred mode in the access of the case study airport. The initial task undertaken to solicit such information was the preparation of a questionnaire based on carefully selected variables thought to affect mode choice. The profile questions directly or indirectly permitted the time and cost incurred by respondents to access the airport to be determined. The second group of questions asked were the number of people who accessed the airport together, the number of pieces of luggage included and the number of cars available in the respondent’s household. The third group of questions were geared towards finding out a passenger’s purpose for air-travel (business or leisure), and the type of flight taken by the passenger (international or domestic). Finally, passenger’s socio-economic details were asked such as age, income and sex. The questionnaire was first of all piloted on a sample of 30 local residents who had accessed Newcastle International Airport for the purpose of air-travel in the past year. This was done in order to ascertain the effectiveness of the questionnaire as well as the operational requirements for the actual survey. Discrete choice models were developed in this study to analyse passenger’s mode travel behaviour as they access Newcastle International Airport with explicit consideration of travel behaviour variations of users. A general multinomial logit model was estimated to explain mode choice (in terms of access time) for ground access using the RP sample obtained from the questionnaire survey. This model was successively improved by the inclusion of other specified variables as dummies in order to capture real insights of the behavioural aspects of travellers. The sample was finally segmented into different identified markets. Those market subgroups, which could be supported statistically, were then modelled in order to assess these subgroups in terms of mode-access behavioural interpretation. 
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Figure 1: Modal Split for Air-travellers accessing UK Airports

Table 1: Estimation Results of Final Model (TT+LUGG+HHC+GRP)

	Variables
	Parameter
	t-statistic

	Alternative Specific Constant
	
	

	Car (dropped Off)
	1.801
	2.943

	Car (long stay)
	-1.831
	2.830

	Taxi
	1.397
	2.666

	Metro
	4.007
	6.897

	Travel Time (TT)

	Car (dropped Off)
	-0.092
	-6.133

	Car (long stay)
	-0.040
	-2.857

	Taxi
	-0.064
	-5.333

	Metro
	-0.052
	-4.000

	Luggage Count (LUGG)

	Car (dropped Off)
	0.575
	2.489

	Car (long stay)
	1.030
	4.328

	Taxi
	1.012
	4.192

	Metro
	-0.926
	-3.907

	Household Car Ownership (HHC)

	Car (dropped Off)
	1.584
	6.798

	Car (long stay)
	1.730
	6.948

	Taxi
	0.904
	4.147

	Metro
	0.551
	2.406

	Size of Access Group (GRP)

	Car (dropped Off)
	-1.001
	-5.056

	Car (long stay)
	-0.644
	-3.111

	Taxi
	-0.788
	-4.529

	Metro
	-0.518
	-2.815

	Summary Statistics
	

	Number of RP Observations
	618

	LL (O)
	-873.0615

	LL (β)
	-703.5905

	((
	0.181


                                           Bold figures are significant at the 90% confidence interval

                                             
Table 2: Estimation Results for Leisure Passengers

	Variable
	Parameter
	t-statistic

	Alternative Specific Constant

	Car (dropped off)
	1.820
	2.673

	Car (long stay)
	-1.909
	-2.407

	Taxi
	0.906
	1.557

	Metro
	4.048
	6.180

	Travel Time(TT)

	Car (dropped off)
	-0.075
	-4.412

	Car (long stay)
	-0.030
	-1.875

	Taxi
	-0.038
	-2.923

	Metro
	-0.033
	-2.357

	Luggage Count (LUGG)

	Car (dropped off)
	-0.124
	-0.549

	Car (long stay)
	0.666
	2.883

	Taxi
	0.497
	2.510

	Metro
	-1.478
	-5.796

	Household Car Ownership(HHC)

	Car (dropped off)
	1.285
	5.120

	Car (long stay)
	1.281
	4.675

	Taxi
	0.576
	2.430

	Metro
	0.492
	1.960

	Summary Statistics
	

	Number of RP Observations
	484

	LL (O)
	1247.278

	LL (B)
	1001.893

	((
	0.17


                                            Bold figures are significant at the 90% level of significance

                                           
 Table 3: Estimation Results for Business Passengers

	Variable
	Parameter
	t-statistic

	Alternative Specific Constant

	Car (dropped off)
	1.468
	1.231

	Car (long stay)
	-2.628
	-1.782

	Taxi
	3.531
	3.400

	Metro
	2.898
	2.379

	Travel Time(TT)

	Car (dropped off)
	-0.110
	-3.235

	Car (long stay)
	-0.032
	-0.97

	Taxi
	-0.127
	-4.097

	Metro
	-0.087
	-2.486 

	Household Car Ownership(HHC)

	Car (dropped off)
	2.045
	4.026

	Car (long stay)
	2.877
	5.065

	Taxi
	1.354
	2.956

	Metro
	-1.399
	1.700

	Summary Statistics
	

	Number of RP Observations
	134

	LL (O)
	345.009

	LL (B)
	241.111

	((
	0.256


                                            Bold figures are significant at the 90% confidence interval

                                     Table 4: Estimation Results (Passengers to Domestic Destinations)

	Variable
	Parameter
	t-statistic

	Alternative Specific Constant

	Car
	2.643
	2.539

	Taxi
	3.137
	2.752

	Metro
	5.340
	4.242

	Travel Time(TT)

	Car
	-0.083
	-3.458

	Taxi
	-0.118
	-4.214

	Metro
	-0.099
	-3.536

	Luggage Count(LUGG)

	Car
	0.844
	2.014

	Taxi
	0.831
	1.884

	Metro
	-1.286
	-2.395

	Size of Access Group(GRP)

	Car
	-0.522
	-1.813

	Taxi
	-0.539
	-1.690

	Metro
	-0.182
	-0.550

	Summary Statistics
	

	Number of RP Observations
	170

	LL (O)
	427.22

	LL (B)
	364.837

	((
	0.14


                                            Bold figures are significant at the 90% confidence interval

                                                     Table 5: Estimation Results (International Destinations)

	Variable
	Parameter
	t-statistic

	Alternative Specific Constant

	Car (dropped off)
	2.149
	2.773

	Car (long stay)
	-1.051
	-1.361

	Taxi
	1.593
	2.485

	Metro
	3.897
	5.496

	Travel Time(TT)

	Car (dropped off)
	-0.079
	-4.158

	Car (long stay)
	-0.051
	-2.833

	Taxi
	-0.055
	-3.667

	Metro
	-0.039
	-2.438

	Luggage Count(LUGG)

	Car (dropped off)
	0.213
	0.753

	Car (long stay)
	1.079
	3.924

	Taxi
	0.946
	4.008

	Metro
	-0.993
	-3.624

	Household Car Ownership(HHC)

	Car (dropped off)
	2.048
	6.095

	Car (long stay)
	2.169
	6.324

	Taxi
	1.386
	4.386

	Metro
	1.291
	3.924

	Size of  Access Group(GRP)

	Car (dropped off)
	-1.150
	-4.323

	Car (long stay)
	-1.011
	-3.758

	Taxi
	-1.038
	-4.455

	Metro
	-0.842
	-3.409

	Summary Statistics
	

	Number of RP Observations
	448

	LL (O)
	1262.535

	LL (B)
	1011.699

	((
	0.188


                                            Bold figures are significant at the 90% confidence interval

                                                          Table 6: Estimation Results (income ( £ 20,000)

	Variable
	Parameter
	t-statistic

	Alternative Specific Constant

	Car (dropped off)
	1.018
	1.279

	Car (long stay)
	-2.789
	-3.206

	Taxi
	0.280
	0.418

	Metro
	3.544
	5.063

	Travel Time(TT)

	Car (dropped off)
	-0.101
	-4.81

	Car (long stay)
	-0.044
	-2.316

	Taxi
	-0.046
	-3.067

	Metro
	-0.039
	-2.600

	Luggage Count(LUGG)

	Car (dropped off)
	1.048
	3.327

	Car (long stay)
	1.502
	4.470

	Taxi
	1.407
	4.954

	Metro
	-0.719
	-2.479

	Household Car Ownership(HHC)

	Car (dropped off)
	1.671
	5.57

	Car (long stay)
	1.562
	4.791

	Taxi
	0.869
	3.082

	Metro
	0.788
	2.755

	Size of Access Group(GRP)

	Car (dropped off)
	-0.992
	-3.860

	Car (long stay)
	-0.446
	-1.599

	Taxi
	-0.730
	-3.274

	Metro
	-0.682
	-2.952

	Summary Statistics
	

	Number of RP Observations
	426

	LL (O)
	1193.371

	LL (B)
	944.415

	((
	0.199


                                            Bold figures are significant at the 90% confidence interval

                                                          Table 7: Estimation Results (income > £ 20,000)
	Variable
	Parameter
	t-statistic

	Alternative Specific Constant

	Car (dropped off)
	3.864
	3.715

	Car (long stay)
	0.440
	0.395

	Taxi
	5.068
	4.901

	Metro
	3.543
	3.305

	Travel Time (TT)

	Car (dropped off)
	-0.13
	-4.483

	Car (long stay)
	-0.074
	-2.643

	Taxi
	-0.165
	-5.500

	Metro
	-0.078
	-2.889

	Household Car Ownership (HHC)

	Car (dropped off)
	1.841
	4.213

	Car (long stay)
	2.403
	5.135

	Taxi
	1.523
	3.567

	Metro
	-0.344
	-0.688

	Size of Access Group(GRP)

	Car (dropped off)
	-0.905
	-3.352

	Car (long stay)
	-0.426
	-1.664

	Taxi
	-0.567
	-2.259

	Metro
	-0.803
	-2.582

	Summary Statistics
	

	Observations
	192

	LL (O)
	541.136

	LL (B)
	414.794

	((
	0.214


                                             Bold figures are significant at the 90% confidence level
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