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Abstract 

Recently conducted revealed preference and stated choice surveys in Sweden have 

extended data availability for travel demand modelling. Refined models with destination and 

mode choice are herein developed mainly for the long-distance business-trip market in 

Sweden.  With focus on the nonlinearity of crucial variables and the underlying pattern of 

unobserved correlation, general Box-Cox transformations as well as nested logit formulation 

together with other data techniques are employed. Finally, the model with best goodness of 

fit is recommended for the high-speed train (HST) prediction. The main findings implicate 

multiple impressive impacts of HST on the business trip market, as well as instructive and 

practical hints on the blueprint of business trip market in the long term. 
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CHAPTER 1 INTRODUCTION

1.1   Introduction 

    For the steadily growing business trip market, higher standard demand for a fast, safe, 

comfortable and economical mode of traffic has received extensive concerns from 

government and industry in Sweden. In addition, increasing roadway congestion and 

weather-sensitive airplane require an efficient and sustainable alternative to retain high 

mobility. High speed train (HST), as a mass transit to satisfy the expanding business trip 

market at national level, is introduced and synthetically investigated in this study. 

Considering the massive magnitude of capital investment and long-term operation costs in 

high speed rail (HSR), accurate prediction capability of demand modelling is motivated to 

support prudent policy decisions.  According to our current knowledge, the primary policy 

question is on the HST (and HSR) ridership prediction and the location optimization of the 

HSR network.  

      Rail, both high-speed and “conventional”, accounts for a large share of business travel in 

many countries: Japan ranks first worldwide with 45% of all business travel closely followed 

by France (40%); Sweden is ranked as the top sixth country in terms of the percentage of rail 

transactions in business trip market, where 18% share is carried by rail mode (Bellaïche, 

2007)1.Furthermore, high-speed trains can be expected to retain or even increase their 

market share in the future.2 And  the  majority  of  ridership  growth  by  HST  is  expected  to  

originate from business travellers, accounting of their high value of time. In addition, 

properties associated with particular business purpose and commuting trip is further 

segmented and examined through the modelling practice.     

    Since travel demand is the aggregated behaviour pattern derived from individual choices. 

So as to be in line with other studies, the foremost issue here is also to explore the relevant 

factors that might be confronted and accounted for in disaggregate business trip choices. 

More explicitly, these factors consist of mode properties, trip characteristics and individual 

socio-economic variables. The variables of interest are collected from recent survey and 

processed by data techniques such as outlier exclusion, redundancy reduction, data 

                                                             
1 Bellaïche, H (2007). On Track for Benefits: High-Speed Rail and Business Travel, CWTVISION, No.2. 
2 Fröidh, O (2008). Perspectives for a future high-speed train in the Swedish domestic travel market. Journal of 
Transport Geography. No. 16, 268-277. 
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integration and so on. In this study, current state of art to construct travel demand models is 

utilized and tailor-made formulations of survey-based variables are developed. Under the 

time framework of master thesis, non-linear transformation of key factors, segmentation 

with trip purpose and correlation pattern among unobserved factors is emphasized for 

model improvement. Moreover, for new alternative HST, both stated preference survey (SP) 

and revealed survey (RP) in recent year have been conducted to extend the information on 

trip makers and principle perception of transport systems as well.  

     Based on newly collected data, a nested logit (NL) model by cascading destination and 

mode  choice  is  established  as  the  focal  part  of  modelling.  The  hierarchy  of  trip  choice  is  

naturally determined by the two choice dimensions 

o Stratified destination choice and 

o Mode choice to access the chosen destination 

So as to address policy issues such as route layout of HSR network and HSR’s level of share in 

business-travel market. Through demand modelling, important new refinements in travel 

demand modelling are deemed to be critical, if not mandatory, for transportation planning 

(Bhat,  et  al.,  2000)3. Among other properties of business trip, growing concerns on 

constrained time budgets in business travelling shed light on distinct variable introduction 

and non-linear variable transformations. Accurate perception and varying weight towards 

studied variable is regarded as the primary necessity for flexible sensitivity at different 

attribute levels, herein travel time and travel cost might be variable of such kind in business 

trip context. Nonlinear transformation, which is computation-burdensome and entails local 

maximum issue, is to be employed mainly following the guidelines and trial-and-errors basis.     

      Attempts to determine elasticities of interest and value of time (VoT) across motorized 

modes and other parameter properties are also performed in this study. 

     The major sections of this paper describe the theoretical framework, modelling practice 

and HST prediction for proposed policy scenarios.  

1.2   Objectives 

   This thesis work mainly serves the purposes to 
                                                             
3 Bhat, C. R. and T. K. Lawton (2000), "Transportation in the new millennium: Passenger travel demand 
forecasting." A1C02: Committee on Passenger Travel Demand Forecasting, Transportation Research Board, U.S. 
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   1) Forecast the demand share for business trips carried by HST connecting major zones 
in Sweden, by applying the nested logit model on mode and destination choice.  

   2) Combine revealed preference (RP) and stated preference (SP) studies, based on which 
the model is expected to be established allowing for a non-existent mode (HST) and 
reliability for current modes.  

   3) Refine the multi-dimensional choice model by non-linear transformation of variables 
and other data transformation techniques. 

1.3   Scope of Research  

The scope of this research will be the multi-dimensional demand modelling by long-

distance-travel mode choice, which is conditional on destination selection in Sweden. The 

disaggregate data from business-trip respondents determine that the generated model 

serves the ridership estimation and prediction particularly for domestic long-distance 

business trip market.  

Overall, current study based on recently conducted RP survey in 2005/06 contains 85% 

more observations than earlier research (Transek, 2004)4. Thereafter sufficient variability of 

data would be served for nonlinearity investigation and other techniques application such as 

estimation based on RP combined with SP and segmentation with trip purpose. In parallel, 

SP data also assists for adequate data variance and the introduction of non-existent 

alternatives. At last, a tailor-refined model with both high explanatory power and 

appreciable applying prospects is to be established.   

 

 

                                                             
4 Transek consultancy (2004). Development of Sampers 2.1: Part 1 Model Estimations including additional Tests. 
Working Report. 
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CHAPTER 2 LITERATURE REVIEW

2.1    General Concepts 

Long-distance business trips

According to international findings, long-distance trips originating in urban and 

metropolitan areas are more likely to use public transportation modes than trips originating 

in rural and non-metro areas5. In addition, for long-distance transport, speed is obviously the 

main quality of service that makes a difference, which can break the dominance of car 

transport (Jansson, J.O., 2001)6. Both of these findings motivate high prospection for 

respectable ridership of high-speed train in the long-distance business trip market, and a 

comprehensive investigation particularly for long-distance business trip is motivated as well. 

Utility Maximization 

    Utility  as  a  constructed  measure  of  well-being  (Mankiw,  1998)7,  has  no  natural  level  or  

scale. This fact has important implications for utility maximization or simply utility 

comparison. The classical economists made the assumption of homo economicus virtually 

tautological: if an object were chosen, then it must have maximized the utility of the 

decision  maker  (C.F.  Manski  &  McFadden,  1981)8. In specific application for trip market, 

utility is what travel decision maker aims ultimately to maximize.       

    Discrete choice models are usually derived under an assumption of utility-maximizing 

behaviour by the decision maker. However, it does not preclude the model from being 

consistent with other forms of behaviour. The utility function can also be seen as simply 

describing the relation of explanatory variables to the outcome of a choice, without 

reference to exactly how the choice is made (Train, 2003)9. It’s important to note, because 

                                                             
5  Long Distance Transportation Patterns: Mode Choice. Available at website: 
http://www.bts.gov/publications/america_on_the_go/long_distance_transportation_patterns/html/entire.html 

6 Jansson, J.O. (2001). Efficient Modal Split. Presented at Threadbo conference.  
7 Mankiw, N. G. (1998). Principles of Economics. South-Western College Pub.  

8 McFadden, D. (1981). Econometric models of probabilistic choice, in: Charles F. Manski and Daniel McFadden, 

eds., Structural analysis of discrete data with econometric application, pp. 198-272.   
9 Train, K. (2003). Discrete Choice Methods with Simulation. Cambridge University Press. 
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indicator of regional attractiveness such as population, number of work place in the 

destination choice might enter into the utility function in this way.     

Utility Function  

 As McFadden presented (1974)10, suppose an individual in the population has a vector of 

measured attributes  for decision maker, and faces  alternatives, indexed = 1, … ,  and 

described by vectors of attributes . The individual has a utility function that can be written 

in form 

( ) ( ) 

   where  is nonstochastic and reflects the “representative” tastes of the population, and  

is stochastic and reflects the idiosyncracies of this individual in tastes for the alternative with 

attributes . 

Choice Probabilities 

    ( ) by definition is unknown to the analyst thus treated as random terms. The joint 

density of the random vector , … ,  is denoted ). With this density, the 

researcher can make probabilistic statements about the decision maker’s choice. Following 

McFadden (1974), the probability that decision maker  chooses alternatives  is 

)

Using the density ), this cumulative probability can be rewritten as  

 

Where ) is the indicator function, equating 1 when the expression in parentheses is true 

and 0 otherwise. The logit and nested logit that we applied have closed-form expression for 

this integral over the unobserved portion of utility.    

                                                             
10 McFadden, D. (1974). Conditional Logit Analysis of Qualitative Choice Behavior, in P. Zarembka (ed.), 
FRONTIERS IN ECONOMETRICS, 105-142, Academic Press: New York, 1974. 
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Maximum likelihood Estimation  

A sample of  decision makers is obtained for estimation. The probability of person  

choosing the alternative that he was actually observed to choose can be expressed as (Train, 

2003) 

) , 

Where = 1 if person  chose alternative  and zero otherwise. Assuming that each 

decision maker’s choice is independent of that of other decision makers, then for the whole 

sample the probability choosing among the alternatives is 

( ) = ) , 

where  is a vector containing the parameters of the model. The log-likelihood function is 

then 

( ) =  

And the estimator is the value of  that maximizes this function. McFadden (1974) shows 

that ) is globally concave for linear-in-parameter utility.  

2.2    Non-linear Transformation in Parameters 

To understand the behavioural process that leads to the individual choice on destination 

and modes, a diversity of mathematic models has been fostered based on the utility 

maximization of trip choice makers. The utility function is technically complicated and 

insufficient to fully determine the travel choice, considering the presence of measure errors, 

omissions of modal attributes etc. (Koppelman, et al., 2006) 11, in other words, the 

information that unknown to the researcher. For the deterministic part in utility function, 

factors are generally formulated with utility functions that are linear in parameters 

                                                             
11 Koppelman, F.S. et al. (2006). A Self Instructing Course in Mode Choice Modelling: Multinomial and Nested 

Logit Models. Working paper, U.S. Department of Transportation and Federal Transit Administration. 
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(Koppelman, 1981)12. The principle reason for this is the unimodality of the log likelihood 

function guaranteed by linearity in parameters (Mandel, et al., 1997)13. However, this linear 

assumption would lead to equal cross elasticities across mode alternatives and the 

independence of varied levels of attributes, which are considered as unrealistic properties 

(Mandel, et al., 1997). To address the unrealistic linearity, nonlinear transformation such as 

Box-Cox is recommended and justified with statistical evidence in case studies (Orro, et al., 

2005)14. The Box-Cox transformation for variables is formulated as follows (Box, G. E. P. 

and Cox, D. R., 1964)15: 

) =
1)

0,

= 0.
 

where  is the variable for alternative  and individual ; if is equal to 1 (or zero), then 

the variable is entered in its linear (or logarithmic) form. 

Furthermore, the violation of unimodality might also occur in the utility-based case by the 

construction of a nested destination (Baradaran, et al., 2001)16.  In  other  words,  the  local  

maximum instead of global maximum is an inherent issue in multi-dimensional choice 

modelling. Generally, in order to reflect the realistic variance across different levels of 

attribute and to address multiple local maximum of generated utility function, analytically 

different algorithms to find the maximum log-likelihood and starting values is to be 

discussed in the Chapter 4. 

                                                             
12 Koppelman, F.S. (1981). Non-linear utility function in models of travel choice behaviour. Transportation, No. 10: 
127-146. 

13 Mandel  B.  et  al.  (1997).  A  Disaggregate  Box-Cox  Logit  Mode  Choice  Model  of  Intercity  Passenger  travel  in  
Germany and its Implications for High-Speed Rail Demand Forecasts. The Annals of Regional Science. No. 31: 99-
120.  

14 Orro,  A.  et  al.  (2005)  Nonlinearity  and  Taste  Heterogeneity  Influence  on  Discrete  Choice  Model  Forecast.  
Association for European Transport and contributors. 

15 Box,  G.  E.  P.  and  Cox,  D.  R.  (1964).  “An  analysis  of  transformations”. Journal of the Royal Statistical Society, 
Series B, 211–243. 
16 Baradaran, et al (2001). Performance of Accessibility Measures in Europe. Journal of Transportation and 

Statistics,Vol.4. 
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2.3    Random Utility Functions 

To handle the unobserved component in utility functions, a series of probabilistic choice 

models by terms of distinct distribution of random terms are thereby employed to 

approximate and abstract the reality. Initially multinomial logit model is introduced by Luce 

(1959)17 as follows: 

( | ) =
( )

, 

where ) is a scale value for an alternative with measured attributes  and is 

assumed known up to a finite parameter vector , with which ( )is linear-in-

parameters. 

The popularity of MNL derived from its conveniently closed form for the underlying choice 

probabilities without any requirement of multivariate integration (Hausman & McFadden, 

1984)18. Yet its basic assumption on independence from irrelevant alternatives (IIA) might be 

violated, the most popularly cited one is “blue bus/red bus paradox” proposed by Debreu 

(1960)19. The major model to address the issue is a direct generalization of the MNL model 

to permit patterns of “non-independence” of alternatives as McFadden established (GEV 

model, 1980)20. As the most widely used member of GEV family, Nested logit (NL) is applied 

in this case to cascade the destination and mode choice as follows (Ben-Akiva and Lerman, 

1985)21: 

( ) ( ) (m|j) =
)

)
 

 

Scale coefficients for mode and destination choice is denoted respectively by  and .  

= ( ) is the composite utility of mode choice. ) denotes the joint 

probability that an individual at an origin zone  chooses to travel to destination zone  using 

transport mode . ) denotes the probability that an individual at an origin zone  

                                                             
17 Luce, R. D. (1959). Individual Choice Behavior: A Theoretical Analysis. New York: Wiley. 
18 Hausman J. & D. McFadden (1984). Specification Tests for the Multinomial Logit Model. Econometrica, Vol. 52, 
No. 5.  

19 Debreu, G. (1960). Topological methods in cardinal utility theory. Stanford, CA: Stanford Univ. Press.  

20 McFadden, D. (1980). Econometric Models for Probabilistic Choice among Products. The Journal of Business, 
Vol. 53, No. 3, Part 2: Interfaces between Marketing and Economics, pp. S13-S29.  

21 Ben-Akiva,  M.,  Lerman,  S.R.  (1985).  Discrete  Choice  Analysis:  Theory  and  Application  to  Travel  Demand,  pp.  
289-291. The MIT Press, London. 
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chooses zone  as his destination zone and ) denotes the conditional probability that 

an individual at an origin zone  chooses to travel by transport modem, given that he has 

chosen zone  as his destination. 

     In particular, in order to create a nested hierarchical model that is consistent with utility 

maximization  theory,  the  parameters  on  the  log-sum  of  the  lower  level  nests  must  be  

smaller than the parameters higher up, inducing a greater level of cross-substitution among 

alternative in the lower level nest (Newman, et al., 2010)22. 

2.4   Data Techniques 

Revealed Preference and Stated Preference Combination 

    The combination of revealed preference (RP) and stated preference (SP) data has become 

a recommended practice in many transport demand analysis, since the estimation of models 

combining RP and SP data exploits the advantages and overcomes the limitations of each 

type of data (Louviere et al. 2000)23. For joint use of RP/SP data to estimate choice models it 

is required that the variances of the error terms in RP and SP are proportional; thus the 

quotient between those variances is known as the ratio of scale parameters (Ben-Akiva & 

Morikawa 1990)24. For practical convenience, coefficient estimation scaled by SP variance 

might be adjusted to RP scale (rather than the way around) in RP/SP data 

combination.(Cherchi & Ortúzar, 2005)25. One thing to mention here is that the scale might 

be cancelled out if the ratio of coefficients is used, for example as value of time from SP data. 

Integration of disaggregate and aggregate data 

As Yao (2005)26 stated, travel demand is the result of a combination of both exogenous 

factors that determine the location of the demand curve (such as increase in population, 

economy development), and endogenous factors that determine the price-volume point 

along the demand curve (such as reduction of travel time, and travel cost). The changes in 
                                                             
22 Newman,  et  al.  (2010)  Hierarchical  ordering  of  nests  in  a  joint  mode  and  destination  choice  model.  

Transportation, published online: 17 April 2010.  
23 Louviere JJ, Hensher DA & Swait JD (2000). Stated Choice Methods: Analysis and Application.Cambridge: 

Cambridge University Press. 
24 Ben-Akiva ME & Morikawa T (1990). Estimation of travel demand models from multiple data sources. 
Proceedings of 11th International Symposium on Transportation and Traffic Theory,Yokohama, July 1990, Japan. 
25 Cherchi E & Ortúzar J de D (2005). On fitting mode-specific constants in the presence of new options in RP/SP 
models. Transportation Research B (in press). 
26 Yao, E. & T. Morikawa (2005). A study of on integrated intercity travel demand model. Transportation Research 
Part A: Policy and Practice, Vol.39, No. 4, pp367-381. 



Master Thesis-Sida Jiang 10 

exogenous and endogenous factors usually occur simultaneously, it is thereby motivated to 

combine the aggregated factors such as regional economy scale indicator for destination 

choice, and the disaggregate variables describing the behavioural pattern at individual level. 

Moreover,  the sample is  considered to  be exogenously  drawn,  that  is,  is  either  random or  

stratified random with the strata defined on factors that are exogenous to the choice being 

analyzed (Train 2003). 
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CHAPTER 3 DATA METHOD

3.1   Data Analysis 

   In the year 2005/06 a RP survey gathered information about long distance travel including 

business tours across 670 districts in Sweden. By stratified sampling a total of 1347 

interviews and more than 3800 observations were gathered for long-distance business tours 

yielding information about multi-dimensional travel behaviour, which consists of destination 

and mode choices. The RP alternatives for long-distance business trip were air, bus, car, 

conventional train (for simplicity train) and other mode in the study. On the context of long-

distance trip, non-motorised mode such as walk, bicycle is precluded from the survey stage; 

furthermore the trip with multi-mode is the extreme minority by preliminary analysis thus 

not discussed in this study. Each observation contains socioeconomic variables of choice 

makers, mode-specific variables, trip characteristics and demographic statistics for totally 21 

stratified sampling regions.  

RP data that derived from household survey is selected randomly within 670 geographical 

areas around Sweden. From August 2005 to September 2006, 1347 individuals were 

interviewed and each of individuals represents about 3,500 other “workers” in this 

nationally representative sample. At 95% confidence level, the error associated with sample 

is under 3%, and the SP data is expected to further amplify the sample size issue. 

Consistency and dissimilarity  

There is no specific database for long-distance business trip (LBT) either in Sweden or in 

EU. However, for practical reason, we can integrate pieces of existing information to give a 

picture of objective modal share. The general information constitutes of modal share in 

passenger trips in EU-27 countries, the trends of modal split of Sweden compared with other 

typical EU countries and potential share changes associated with business purpose and long 

trip length as presented in the following figures.  
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Fig. 3.1 EU-27 Modal Split of Passenger transport in percentage (left panel) and change in modal
split from 1992 to 2002 of passenger transport (right panel)

 

Source: Eurostat, ECMT, UIC European Commission and national figures.27 

  From the right panel of figure 3.1, passenger car in Sweden decrease more than other EU 

counterpart and the bus/train public mode increase dramatically above average in EU. As a 

EU report pointed out (Larsson, 2009)28:  the  modal  share  of  rail  is  expected  to  increase  

slightly while the modal share car and bus is expected to decrease by a couple of percent. 

Moreover, for time-sensitive business trip, scheduled train service is often taken as 

secondary choice as air. In general, by considering Swedish inclination to public modes and 

high dependency on train from LBT market, the generated train share in LBT market is 

expected to increase by a couple of percent than 7% in figure 2.  

Fig. 3.2 Modal Split of Passenger transport from LBT sample (left panel)

 

                                                             
27 Eurostat. http://ec.europa.eu/atoz_en.htm 
28 Larsson M. (2009). Major Trends in Modal Split. A progress report of the statistical mapping task of the 

transport group, NSC. Region Västra Götaland.  
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Basically, the sample captures the distinct share structure derived from properties of LBT 
market, and is consistent with previous discussion. From the viewpoint of sampling, it is an 
appropriate representative for the LBT population in Sweden.  

Validity 

In  this  stage,  we sought  to  examine the validity  of  observed data  based on a  priori  test.  
The first step is to remove unreasonable observations, the criterion is defined intuitively that 
with zero travel time for chosen automobile or zero number of boarding (Nbo) for chosen 
public modes, the observation record is taken as invalid and thus deleted. One might ask if 
other unreasonable observation can survive such as invalidity in other variable, for instance, 
zero  distance  for  car,  zero  in-vehicle  time  (IVT)  for  public  modes.  One  practical  way  is  to  
examine the consistency between criteria variable and other variable by scatter plot as 
follows (Fig. 3.3): 

Fig. 3.3 Validity check after pre-exclusion of unreasonable observations: Car time-Car distance
scatter plot (left panel) and Nbo-IVT Scatter plot (right panel)
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As we can observe above, the diagonal line shows the linear relation between car distance 
and car time; for this case we can only observe zero car distance if car time equalling zero, in 
other words, there is no extra invalid observation beyond the range that defined by non-
negative car time. Likewise for other public modes, we can only find one pair of IVT and Nbo 
falling  into  value  zero,  indicating  Nbo  can  be  an  appropriate  variable  for  the  criterion  of  
validity.  Meanwhile, deterministic criteria of alternative availability are also applied for 
conformity analysis. For instance, the possession of driving license for solo travel is 
examined for car users. 

Segmentation and Completeness 

A business trip is defined as a travel activity caused by business necessities, generally 
including recurrent work trip and business activities outside the normal workplace. Trips 
with either of the purposes derived from business-related activity, therefore becomes more 
unproductive and time-sensitive, than private trip, for the trip maker. Therefore, both 
commuter trip and pure business trip is enlisted in the scope of general business trip (simply 
replaced with “business trip” in the following text). However, trip characteristics such as trip 
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distance vary with trip purpose (see fig.3.4). Graphically compared with commuter trip, pure 
business trips span over longer distance with more smooth variation. One apparent property 
shared by two trip-length distribution is unimodality and positive skew. In other words, 
commuter trip and particular business trip is discrepant but highly correlated by common 
properties, thus partial segmentation of the data by purpose would be applied. From 
modelling aspect, coefficients that referring purpose-classified variables might be estimated 
on the basis of partial data: either commuter trip data or particular business trip. 

Fig. 3.4 Cumulative and probability distribution of trip Length with respect to trip purpose

 

The correlated discrepancy between commuter and business traveller can be also noticed 
in  terms  of  socio-economic  variables.  Among  other  factors,  annual  income  curve  for  two  
purposes appears distributed with different location parameter. As figure 3.5 presents, 
traveller for business trip on average has higher annual income than the commuter 
counterpart, yet the income range for both purposes makes no considerable difference.  

Fig. 3.5 Cumulative and probability distribution of travellers’ annual income with respect to two
trip purposes
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Generally, the similarity and discrepancy existing in two business purposes should be 
treated by corresponding data segmentation and variable estimation. The integrated model 
based on data segmentation is to be discussed more in the attribute identification part. 
More a-priori variables is to be tested for data segmentation, general variables playing equal 
effect for two purposes might enter the utility function normally.  

3.2   Attributes Identification  

   As a substantial step of travel demand modelling, attributes identification is mostly 
processed from the categories of trip attributes, mode-specific factor and characteristics for 
trip makers.  This study mainly follows this conventional division of attributes, while utilize 
the combination and transformation to recognize non-traditional attributes and its flexible 
impact on overall observations.  

 A-priori hypothesis 

     The most important variables available, a-priori, are socio-economic variables such as 
income, car ownership and transportation attributes such as travel time and cost together 
with destination size variables such as total number of work places. Before moving to the 
attribute identification practice, descriptive overview of relevant attributes by a priori is 
given from table 3.1 to table 3.2.  

Table 3.1 General variables for business trip and corresponding trip maker

 

  Note: Gender dummy is 1 for man, 2 for woman; license dummy defined 1 for yes and 2 otherwise. 

   The descriptive statistics presents common characteristics for long-distance business trip, 
i.e. assuming the age is normally distributed with 44 as mean and 11 as standard deviation, 
then in principle more than 65% of the business trip makers is in-between 33(mean minus 
std.  dev.)  to  55 years  old  (mean plus  std.  dev.);  far  more than half  of  business  traveller  is  
male and high occurrence of two persons travel together as the mean of party size implied. 
Among other statistics, more licenses than household car pattern might be inferred, since 
almost all the respondents hold drive license but the average household car number is less 
than 2 (further data sorting shows 54% of respondents have only one or no car at home). 
This car shortage in households might possibly generate corresponding car usage pattern, 



Master Thesis-Sida Jiang 16 

and the status of respondent in the family (family status for simplicity) would be the 
indicator for actual right of car usage in household for recurrent commuting trip: the 
member who earns more may have higher priority of household car; the spouse might have 
problems if she/he want to drive the car for her/his own purpose (this might be out of 
business trip scope) Although no further information about the total license numbers in 
household is available in this case, further trial-and-errors experiment might help explore 
the pattern of household car usage. 

Table 3.2 Descriptive statistics of transportation attributes

 

  Note: car-distance based cost is further computed by involving temporarily average fuel 
efficiency (10L/100km) and average fuel cost (12SEK/L) in 2005 and 2006 in Sweden. 

   From table 3.2, important variables such as travel time and cost can be compared across all 
the modes. We noticed that car time and air in-vehicle time (air_ivt) is numerically smaller in 
mean and variance than the bus and train counterparts. Considering that the nonlinearity of 
travel time variables has been testified by related studies (Mandel, 1997), the variation of 
transformed candidates, i.e. travel time, is also scanned through as a premise for further 
transformation. In this case, bus_ivt, train_ivt and train cost (train_f) together with air cost 
(air_f) is more capable in terms of respectable variation.  

Besides the essential attributes such as travel time and cost, number of boarding (NB) and 
out-of-vehicle time (OVT) consists of access time (ACC) and first waiting time (FW) have also 
presented mostly identical pattern in all the public transportation (PT). Roughly air costs 
more access time but with less transfers bothering; on the contrary, train passengers have to 
transfer  more  but  with  least  average  OVT  across  PT  modes.  The  pilot  study  on  the  
combination of NB and OVT for public modes would be further analyzed.  
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Independency and Multicollinearity 

 Multicollinearity, as a modelling problem, would make it difficult to evaluate the separate 
impact of the correlated attributes on particular utility.  Therefore, correlation among mode-
specific attributes and socio-economic variables have been investigated using the SPSS 
statistics package. 

 Socio-economic Attribute 
Intuitively, the correlation is assumed to be found either in transportation systems or in 

the population, the mode-specific attributes, trip properties and socio-economic variables 
are crossly independent of each other. To begin with, internal correlation among all the 
respondents shows as table 3.3. 

Table 3.3  

Basically, both household income (HHINCOME) and individual income is correlated with 
other  socio-economic  variables  at  the  2-tailed  0.01  risk  level.  Thereafter  status  index  is  
introduced, which is defined as 1 for spouse and 0 for the head of family based on the 
proportion of personal income over the household income. As we can see from the bottom 
row of  the previous  table,  the index is  still  correlated with  the majority  of  socio-economic  
variables, yet not correlated with car ownership (carno) and weakly correlated with age. In a 
word, wholly correlated income variable should be treated prudently if other socio-
economic variable enters in the same utility function. Instead, the violation of independency 
among socio-economic variables might be relaxed when utilizing the status dummy based on 
income ratio. 

Table 3.3 Bivariate correlation between socio-economic variables
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Furthermore, the correlation of socio-economic variables could be reduced by data 
segmentation. For instance, income especially individual income has more impact in 
commuting trip than in the pure business trip, thus income could be combined with 
commuting purpose in order to reduce the correlation. This is to be discussed in the 
transformation and combination part. 

 Transportation Attribute 
Primary mode-specific attribute refers to in-vehicle time, OVT and ticket expense for 

corresponding transportation mode. Here, the correlation between train attributes is 
illustrated as an example in Table 3.4. 

Table 3.4 Bivariate correlation between train-specific attributes

 

In line with other studies, although multi-co-linearity between in-vehicle time (train_iv) 
and train fare (train_f) is recognized, the multiplicity of correlated variables is still kept to 
allow each explanatory variable to be weighted and forecasted respectively.  From modelling 
aspect, the correlated variables such as number of boarding (train_nb) and first waiting time 
(train_fw) might be treated as a variable by combination. Albeit in principle highly correlated 
variables are not recommended to enter the utility function separately, further reference on 
standard errors in coefficient estimation and professional judgement is required for prudent 
variable decisions.  

General attributes (i.e. party size) and destination size variable (i.e. number of work places) 
is assumed independent of any other explanatory variables but might affect the mode and 
destination choice, so they might enter the utility function on the ground of statistics test. 

3.3 Combination and Transformation 

In reality, trip makers might perceive couples of variables in a correlated manner, which 
results the correlation among attributes and could be addressed by the combination of 
attributes. Moreover, data segmentation might result in correlation reduction for socio-
economic variables by-productively. 
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Socio-economical Attributes

Table 3.5 Bivariate correlation between segmental socio-economic variables

 

   Income-and-commuter-purpose Combination 
   As  table  3.5  presents,  for  commuter  trip,  self-paid  ticket  might  be  the  case  so  that  
individual income could play have an effect on choice. Contrarily for particular business trips, 
employers may take care of the travel fees instead, and thus income is assumed irrelevant 
for this case. By doing so, noticeable reduction of correlation between commuters’ income 
and other socio-economic variables (except car ownership) can be found.  

 Status Combination 
   Likewise  for  status  in  family,  either  of  combinations  with  trip  purpose  becomes  more  
independent of other variables, compared with the counterparts in table 3.3. The motivation 
to divide status index is, a-priori, status in family might affect the actual car usage for 
recurrent commuter trip, and also indicate position status in the company thus influence the 
pure business trip choice simultaneously. Yet, the impact on trip choice is assumed 
separately for distinct purposes meanwhile benefit the independency with other variables.  

 License Combination 
License dummy in pure business trip might be as important as in commuter trip. However 

for one-car household, license might be not as important as status index. We will further 
test this preliminary result in the model estimation. In general, correlated socio-economic 
variables imply the correlation across the individuals, and should be prevented from entry to 
the same utility alternative. 

 Other Transformation 
    Other socio-economic variables have been adjusted to alternative-specific utility. For 
instance, an occupation dummy that refers to full-time or self-employed business status is 
constructed to capture the potentially higher standard for travel mode. Logical value such as 
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female dummy and age dummy is defined to investigate the effect of gender discrepancy 
and age variation on the mode choice. 

Combination of transportation attributes 

   Recall the attribute identification part, in-vehicle time and travel cost is allowed to enter 
the utility function separately. On the other hand, highly correlated variables such as 
number of boarding and access time for train should be integrated as one variable on trial-
and-error basis. Further judgement would be made based on Student’s t-test in model 
estimation section. More importantly, the combination of these variables is also consistent 
with the reality.  

 Unproductive Time 
   In reality, one of the significant properties in business trip is the constrained time budget. 
Compared with private trips, the time occupied by business trip would be productive both 
for trip maker and the employer. In other words, the total travel time comprising in-vehicle 
and out-of-vehicle time is more or less unproductive. But as a related study pointed out, 
travel time can be saved by converting unproductive time to productive time (Holley, et al., 
forthcoming)29. Services such as comfortable lounge room for businessman and internet 
connection on board are examples in this respect. Yet not all the unproductive time 
component can be fully converted. For instance, the time spent waiting to clear security or 
sitting on the tarmac with laptops and cell phones stowed can be regarded as unproductive 
(Neels, et al., 2010)30. Therefore we could try to construct the unproductive time for public 
modes, but the complexity is going to be too much as there are numerous scenarios 
(formulations) of unproductive time for different mode. For simplicity, only the typical 
scenarios with noticeable rationale and practice meaning would be recommended for model 
estimation. 

 Combination for train 
The  unproductive  time  for  train  is  total  OVT,  by  definition,  the  sum  of  access  time  and  

waiting time. Considering less cumbersome boarding procedure, waiting time by train might 
be converted to productive time. Together with noticeable correlation between access time 
and number of boarding, the unproductive time can be formed as following: 

= ( + 0.0001) ×  

Where T_NbAc represents for the unproductive time by train; 0.0001 is added to keep 
newly combined variable robust over all the data. Commonly, the access time and number 
of boarding enters the utility function separately. However, as we mentioned above and 
would be applied through the variable identification process, the t-test is the dominant 
criterion to determine the variable introduction either separately or in a combined manner. 

                                                             
29 Holley, D., Jain, J. and Lyons, G. (forthcoming). Understanding Business Travel Time Use and its Place in the 
Working Day. Time & Society. 

30 Neels K. & N. Barczi (2010). The effects of schedule unreliability and departure time choice. NEXTOR Research 

Symposium, Federal Aviation Administration Headquarters. 
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Particular in this case, access time and number of boarding fail the t-test in rudimentary 
model analysis. 

 Combination for Air 
 Compared with train counterpart, waiting time becomes more burdensome with laptops 

and cell phones stowed. Then two alternatives to construct the unproductive time is given as 
follows: 

= ( + 0.0001) ×  

= ( + 0.0001) × ( )

  For alternative 2, the unproductive time includes only one access time, because most of 
transfers for flight occurred in the same airport. However the waiting time might be less or 
more than the first waiting time, for simplicity the extra waiting time is assumed equalling 
the first waiting time. The recommended alternative will be decided on the basis of statistics 
test in model estimation part. 

 Combination of general variables 
For correlation analysis of mode choice and general variables, empirical cumulative 

distribution curve is derived for the variables of interest against the chosen mode. To start 
with, party size is assumed to have an independent impact on mode choice. If party size was 
the only explanatory variable to determine the mode choice, the pattern is rather apparent 
in the panel figures as follows. Car might become less competitive with increment of party 
size, likewise for train and air drop down more smoothly with the increment; inversely the 
bus almost dominate all the trips when the party size is more than 10. One thing to mention 
is that we only suppose party size matters in the pure business trip, for commuter trip only 
carpooling in such a way that commuters share the usage and cost of one car would be the 
case (bus or train passengers might rarely travel together for commuter purpose). So that all 
the party size would combine with business trip across N-1 alternatives; for commuter trip, 
only car alternative is assumed to be affected by party size. In addition, considering other 
explanatory variables, the preliminary analysis of party size against chosen mode could be 
only used as a reference for further utility formulation.  
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Fig. 3.6 Empirical cumulative distribution of the party size for each chosen mode

 

   Initial combination of party size is formulated as follows: 

 

 

Psize  <  5  is  a  dummy variable  that  defined as  1  if  party  size  is  less  than 5,  0  otherwise;  
purpose 4 is a dummy for pure business trip. Similarly for newly combined Ps_Bus. 
Meanwhile, the discrete effect of party size on mode choice is also recognized, and dummy 
variable by considering discrete impact is constructed in model estimation chapter. 

 Another general variable is trip length, which might have high correlation with travel time 
and cost. However, as many other research (Jansson, 2001) indicates that mode has its 
dominant market with respect to trip length (illustrated in figure 3.7). Basically, train and air 
becomes more appealing for relatively long distance. In a word, we attempt to introduce the 
trip length as an explanatory variable if distance is perceived significantly different from 
mode-specific travel time. The trip length might enter into the utility as a dummy variable, to 
avoid strong correlation with mode-specific variables. 
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Fig. 3.7 The modal split of personal transport by distance

 

Combination of trip purpose is also applied to capture the distance discrepancy in 
commuter and pure business trips. 

For relative long distance, length dummy is combined with business purpose dummy. And 
shorter distance is assumed to function for both business purposes.  

Nonlinear Transformation 

   For  each  enlisted  variable,  basic  linear  form  is  recommended  in  the  initial  trial,  so  as  to  
retain the global maximum by the unimodality of log likelihood function as mentioned 
before. The Box-Cox (BC) transformation is applied only if the nonlinearity of variables is 
significantly noticed. Since the computation of BC transformation is time-consuming, to 
manage this study under constrained time budget, reasonable a-priori and pinpointed 
variables applied by related studies is much referenced.    

 Disaggregate Variables 
McFadden (1976)31 suggests that there is diminishing marginal utility associated with 

commodities such as time and money which are available to the household. The study is 
thereby concentrated on the nonlinear transformation of in-vehicle time and travel cost. To 
                                                             
31 McFadden, D. (1976). The theory and practice of disaggregate demand forecasting for various modes of urban 
transportation. Working Paper 7623, Institute of Transportation Studies, University of California, Berkeley.  
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begin with, preliminary utility functions only consisting of travel time and travel cost are 
tested. Firstly, the BC transformation is adopted for travel cost with generic parameters. 
However, the generic cost coefficient for BC turned out to fail the t-test, meanwhile 
coefficient for air in-vehicle time also turned to be insignificant. In succession, mode-specific 
BC transformation of travel cost is performed as table 3.6 shows. The results imply 
insignificant nonlinear parameter estimated for air, bus and train, in terms of either in-sig. 
coefficient  (BETA)  or  the  power  of  the  variable  (LAMBDA).  The  power  for  car  cost  is  one,  
indicating linearity across different levels of travel cost for car. In a word, the nonlinear 
transformation in travel cost is empirically rejected for all the modes. Since there is 60% of 
the business trip is paid by the company (particular business excursion), the cost factor 
might be distorted for the indirect cost payer but the actual trip maker.  

Table 3.6 BC transformation of travel cost across all the modes

Parameter Value Std. Err. T-test P-value In-sig. sign 
BETA_CCost -0.0024 0.0003 -8.24 0  
BETA_BCost 0.1120 0.1250 0.89 0.37 * 
BETA_TCost 0.0234 1.80e+308 0 1 * 
BETA_ACost -0.3480 0.0236 -14.76 0  

LAMBDA_ACost 0.0676 1.80e+308 0 1 * 
LAMBDA_BCost 1.00E-12 1.29E-08 0 1 * 
LAMBDA_CCost 1 0.0002 4550.70 0  
LAMBDA_TCost 1.00E-12 1.80e+308 0 1 * 

One might also notice that the estimation shown in table 3.6 has not converged (indicated 
by infinite standard error). The main reason might be suggested that linear form might be 
recommended (see LAMBDA_CCost). But for other LAMBDA, no evidence can be found for 
either linear or nonlinear formulation. Limited by the computational capacity, we might 
simply utilize the ordinary linear formulation for transformation-unverified cost variables for 
air and train mode. On a second thought, high pursue on travel time reduction derived from 
business trip makers might result in relatively higher awareness of time. Thus, the 
nonlinearity of in-vehicle time is expected to enter into the utility in either decreasing or 
increasing marginal effect. 

Table 3.7 BC transformation of travel time (in-vehicle time for PT) across all the modes

Parameter Value Std. Err. T-test(1) P-Value In-sig. sign 
BETA_CTime -0.0354 0.0154 -2.3 0.02  
BETA_BTime -2.31 0.128 -17.97 0  
BETA_TTime -0.0749 0.0255 -2.94 0  
BETA_ATime -0.477 1.53 -0.31 0.75 * 
LAMBDA_A 0.252 0.707 0.36 0.72 * 
LAMBDA_B 1.29E-07 1.80e+308 0 1 * 
LAMBDA_C 0.866 0.0814 10.64(-1.65) 0 (*) 
LAMBDA_T 0.673 0.0648 10.39(-5.05) 0  

As table 3.7 demonstrated, BC transformation for bus and air is rejected by t-test, implying 
somehow constant effect of travel time variable on the mode choice. For car travel time, the 
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variable might be treated as linear as well by insignificant difference from 1. Generally, only 
the in-vehicle time for train might be non-linear both in parameter and in variable. 
Consistent with economic theory and other empirical studies, 0.673 numerically indicating 
that the diminishing marginal utility associated with travel time is testified. This finding 
might also imply the dominated distance for high speed train. For extreme long trip, speed 
benefit or, in other words, travel time reduction might have relatively limited impact to 
make train more attractive than other variables such as ticket expense, comfort etc.  

 Size Variables 
   In previous Swedish-styled model studies, size variables have normally defined as the 
number of employed persons in different economic sectors, because of general availability 
of  this  information  (Algers,  et  al.,  2000)32. Related studies (Purvis, 1998)33 also indicated 
employment size is more relevant than other size variables such as population, service 
demographics in business-trip context. To begin with, the nonlinearity in employment size is 
implemented in terms of BC transformation with mode-specific coefficients. The estimation 
followed is mainly served as an ad hoc experiment; we expect to confirm the commonly 
adopted natural logarithm transformation of size variable together with uniform coefficients 
across the alternatives.  Preliminary result has demonstrated as follows: 

Table 3.8 BC transformation of Total Number of Work Places (WP) across all the alternatives

Name Value Std Err t-test(1) P-value In-sig. Sign 
BETA_WPA 0.280 0.160 1.75 0.08 * 
BETA_WPB 0.364 0.192 1.90 0.06 * 
BETA_WPC 0.711 0.277 2.57(-1.04) 0.01  
BETA_WPT 0.429 0.163 2.63 0.01  
LAMBDA_A 0.162 0.058 2.79 0.01  
LAMBDA_B 0.121 0.054 2.22 0.03  
LAMBDA_C 0.037 0.043 0.86 0.39 * 
LAMBDA_T 0.128 0.039 3.25 0.00  

    As in-sig sign indicating, the BC transformation for air, bus and car is all rejected. The 
insignificant difference of power index (LAMBDA) from 0 also refers to natural logarithm for 
WP transformation. Although BC transformation works for WP in train alternative, to keep 
size  variable  comparable,  the  natural  logarithm  form  of  WP  is  further  applied  for  all  the  
modes including train.   

Daly (1982)34 shows that size variables which are included in the representative utility 

function should have a coefficient equal to 1, so as to assume the coefficient is not 

depending on the demographic area in which the household (here business trip destination) 

is located. The utility for a “heterogeneous” aggregate alternative  followed the formulation 
                                                             
32 Algers, S. & M. Beser, (2000). SAMPERS - The New Swedish National Travel Demand Forecasting Tool. 

Presented at the IATBR 2000 conference in Brisbane, Australia.  
33 Purvis, C.L. (1998). Incorporating land use and accessibility variables in travel demand models. Presented at the 
ASCE Specialty Conference on Transportation, Land Use and Air Quality. Portland, Oregon. 

34 Daly, A. (1982). Estimating models containing attraction variables. Transportation Research Part B 16 (1), 5-15. 
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by (Ben-Akiva & Lerman, 1985) as follows: 

1
 

where  is the number of elementary variables (here is work places) in the set .  is the 
positive scale parameter and  is the average of the elemental alternatives’ systematic 
utilities . The t-test result for size variable is to be discussed in the model estimation part. 
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CHAPTER 4 MODEL DEVELOPMENT

So far  we have some pre-knowledge on the series  of  variables  that  might  enter  the utility  
function. However, we still need to explore the demand model by the inference of 
parameter associated with each variable. Explicitly, the focus in this part is to know the 
parameters’ values on a statistical ground, and to make a professional judgment on 
corresponding signs and values. The modelling work is a combination of science and art, for 
which formal statistical theory and analytical practice are both applied.  The technical 
framework starts from a-priori MNL mode choice model to a more explanatory MNL, finally 
mode choice is to be specified as in a NL model jointly with destination choice.  

 

4.1 MNL Mode Choice Estimation 

The task for the long-distance business travel model is to implement estimation of trips by 
the studied modes: car, bus, conventional train and air. The model works on a tour basis and 
is applied to commuter trips and particular business trips. To begin with, we assume a linear-
in-parameter specification for the systematic utility of each alternative given by the 
expanded and transformed dataset. All models are estimated using Biogeme 1.8 (also 
including FastBiogeme, see Bierlaire, 2003)35. 

Base MNL Model 

In this study, the base model is the model composed of linear-in-parameter utility function. 
The utility specification of the base model is formulated on ground of variable identification 
in chapter 3. Variables like socio-economics with related logical dummy transformation are 
tested across N-1 alternatives, while transportation attributes and general characteristics for 
trip enter all the alternatives for t test. The base model is selected from mode utility function 
that employing statistically significant parameters and are consistent with a priori 
knowledge.  

 Deterministic Utility Function 
    The utility function is a priori derived and mostly with variables that are independent on 
each other. Besides, generic coefficient for analogous variables, for instance mode-specific 
travel cost, is tested firstly, and then the mode-specific coefficients are further estimated if 
the  generic  coefficient  fails  the  t-test.  To  begin  with,  the  travel  cost  is  assumed  being  
weighted by equal coefficient across all modes, while the perception of travel time varies by 
mode implicated by rudimentary model estimation. The dummies and combined variables 
are introduced and preliminarily tested as discussed in chapter 3. 

                                                             
35 Bierlaire, M., 2003. BIOGEME: a free package for the estimation of discrete choice models. In: Proceedings of 
the 3rd Swiss Transportation Research Conference, Ascona, Switzerland. www.strc.ch. 



Master Thesis-Sida Jiang 28 

VAir=ASCA AIAI+ LLDLLD+ FRAFR+ ABFANbFw+ PsaPsa 

VBus=ASCB BIBI+ FRBFR+ SLDSLD+ IncIncome+ GenGender+ PsbPsb StaBSta+ OcpOcc 

VCar=ASCC CTCT+ FRCFare+ PscPsc+ LicLic+ CarNCarN+ OcpcOcpC+ StaCSta 

VTrain=ASCT TITI+ FRTFR+ MLDMLD+ TBATNbAc+ GenGender+ IncIncome+ AgeAgeD 

 

Table 4.1 Variable/Coefficient and the interpretation for base MNL Model (alphabetic order)

Variable Coefficient Interpretation 
AFR _  Air Fare 
AgeD _  Age Dummy(1 for senior) 
ANbFw _  See 3.3 Number of Boarding * First Waiting Time 
AI _  Air In-vehicle Time 
BFR _  Bus Fare 
BI _  Bus In-vehicle time 
CarN _  Car Ownership 
CFare _  Car distance based Fare (1.6 * Car distance in km ) 
CT _  Car Time 
Gender _  Gender Dummy(1 female,0 male) 
Income _  Individual Income 
Lic _  License dummy(1 yes,0 no) 
LLD _  Long Length Dummy(>700km) 
MLD _  Medium Length Dummy(500-700km) 
Occ _  Occupation dummy:1 for Student/Retiree/The Unemployed 
OcpC _  Occupation dummy:1 for self-employed/full time employee 
Psa _  Party size dummy(1 for party size 1 or 3) 
Psb _  Party size dummy(1 for party size less than 9) 
Psc _  Party size dummy(1 for party size 2 or 4 or 5) 
SLD _  Short Length Dummy(<150km) 
StaHH _ , _  Status in Family(1 head, 0 spouse) 
TFR _  Train ticket expense 
TNbAc _  Unproductive time for train (see 3.3) 
TI _  Train in-vehicle time 

 Estimation Results 
With FastBiogeme, the coefficient parameter and modal goodness of fit is estimated using 

maximum likelihood estimation, and the output is presented in Table 4.2. 
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Table 4.2 Coefficient estimate for base model

Name Sign 
Hypothesis Value Std. err t-test p-val 

ASCC 0 0 --fixed--  
ASCT + 1.05 0.304 3.47 0 
ASCA + -1.93 0.511 -3.77 0 
ASCB - 3.47 0.499 6.95 0 
_  + 0.476 0.152 3.13 0 
_  + 1.88 0.436 4.32 0 
_  - -0.0006  0.0001  -5.22 0 

_  + 0.894 0.0926 9.66 0 
_  - -2.02E-06 2.61E-07 -7.73 0 
_  - -0.0125 0.0028  -4.55 0 
_  - -0.0095  0.0009  -10.69 0 
_  - -0.0157  0.0008  -19.35 0 
_  - -0.0099  0.0009  -11.42 0 

_  + 1.45 0.333 4.34 0 
_  + 0.393 0.131 3.01 0 
_  - -0.0034  0.0012  -2.79 0.01 
_  - -0.0175  0.0017  -10.07 0 
_  + 0.475 0.187 2.54 0.01 
_  - -4.35 0.362 -12 0 
_  + 0.624 0.12 5.18 0 

_  + 0.492 0.099 4.97 0 
_  - -1.22 0.252 -4.86 0 
_  + 0.309 0.0506 6.11 0 

_  + 1.42 0.256 5.53 0 
_  + 1.13 0.502 2.25 0.02 

_  + -0.444 0.16 -2.78 0.01 

 Alternative Specific Constant  
For  identification in  modelling,  the ASC for  car  (ASCC) has been normalized to zero. The 

alternative-specific constant (ASC) for PT is significantly different from ASCC, indicated by t-
test value beyond ±1.96 at 0.05 risk level. Significance of the difference between ASC across 
modes is indicated by t-test value, as follows. 

Table 4.3 T-test for the significance of the difference between ASC pair

T-test ASCC ASCT ASCA ASCB 
ASCC - -3.47 3.77 -6.95 
ASCT 3.47 - 5.05 -4.17 
ASCA -3.77 -5.05 - -7.61 
ASCB 6.95 4.17 7.61 - 

The results show the statistical significance of two ASC across the modes. Yet, not 
necessarily indicated as the preference order in the presence of socio-economic variable. 
The result implies mainly different “unmeasured” and/or “omitted” attributes across the 
modes;  more importantly,  we might  have extra  variable  entering or  the transformation of  
current variables in utility function, to search out “omitted factors”.  
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 Coefficient Estimator 
   To summarize the results, most of the estimated parameters are both significant and have 
the expected signs. The log likelihood increased from the initial value -4605.669 to the final 
value -2397.980. The summary statistics for base model is shown in table 4.4.  

Table 4.4 Hypothesis and estimation of coefficients for base MNL model

Name Sign 
Hypothesis Value Consistency assurance with expectation 

_  + 0.477 The elder prefers to more comfortable mode (here 
added in train) 

_  + 1.89 Bus assumed to be more attractive in relatively short 
length 

_  - -0.0004 Fare has negative sign as expected 
_  + 0.892 Female prefer to (or more depend on) bus and train 
_  - -2.04E-06 Bus assumed to be inferior good on economic context 
_  - -0.0148 In-vehicle time has negative coefficient as expected 

But the perception of in-vehicle time varies across the 
mode: Air traveler is most time sensitive and the least 
for car alternative. 

_  - -0.0095 
_  - -0.0047 
_  - -0.0109 

_  + 1.2 Air is dominant in long length trip 
_  + 0.397 Train is dominant in medium length trip 

_  - -0.0038 
Negative as expected for unproductive time, but the 
absolute value of coefficient should be larger than air 
in-vehicle time counterpart 

_  - -0.0167 Both sign and value is consistent with expectation 

_  + 0.449 
Small group(party size 3) or solo traveler prefers to 
travel by air, compared with other party size 

_  - -4.39 

Party size less than 8 has negative impact on bus 
choice---a large group of business travelers is deemed 
to be captive to bus 

_  + 0.64 Party size(2,4,5) might make car comparative 
attractive due to shared economy   

_  + 0.491 Head in family has higher usage of car 
_  - -1.2 Head in family appears less usage of bus 

_  + 0.297 Household car number also contribute business trip 
(including commuter trip) by car 

_  + 1.46 License contribute positive effect on car trip 
_  + 1.1 Less or un-employed depend more on bus 

_  + -0.432 

Self-employed and full-time employee is assumed to 
prefer automobile with high flexibility to access 
multiple errands, but the estimator is negative, turns 
against the expectation. 

   The base model assumes the linearity in parameters and variables, which might result in 
reversed sign and elasticity utility function (Gaudry and Wills, 1978)36. More importantly, 
non-linearity in travel time is central for business trip as we discussed in chapter 3. 
                                                             
36 Gaudry M, Wills M (1978). Estimating the functional form of travel demand models. Transportation Research, 
12(4):257–289 
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Therefore, the BC transformation is employed to address the inconsistent coefficient and 
embed the flexibility to capture decreasing marginal utility in travel time variation.  

Box-Cox transformation in MNL Model  

   Through a series of BC transformations for travel time and cost based on the MNL model, 
only  the  BC  of  in-vehicle  time  for  train  is  verified  by  both  a  significant  coefficient  and  a  
significant power parameter. The parameter estimation result for BC-MNL is given in table 
4.5.  

Table 4.5 Estimation result of BC-MNL and comparison with Base Model

Model BC-MNL Base Model  
Name Value Std. err t-test(1) Coefficient Value Change Percentage 
ASCC 0 --fixed-- 0 0 
ASCT 1.71 0.383 4.47 1.05 63% 
ASCA -2.31 0.521 -4.44 -1.93 20% 
ASCB 3.40 0.502 6.76 3.47 -2% 

_Age  0.485 0.152 3.19 0.476 2% 
_SLD  1.91 0.435 4.39 1.88 2% 
_FR  -0.0006  0.0001  -4.6 -0.000631 -12% 
_Gen  0.887 0.0925 9.59 0.894 -1% 
_Inc  -1.98E-06 2.61E-07 -7.57 -2.02E-06 -2% 
_AI  -0.0128 0.0028  -4.62 -0.0125 2% 
_BI  -0.01 0.0009  -10.98 -0.00952 5% 
_CT  -0.0167 0.0009  -19.63 -0.0157 6% 
_TI  -0.0614 0.0251 -2.45 -0.00994 - 
_LLD  1.43 0.336 4.24 1.45 -1% 
_MLD  0.485 0.133 3.65 0.393 23% 
_ABF  -0.0036 0.0012  -2.94 -0.00341 6% 
_TBA  -0.0182 0.0018  -10.32 -0.0175 4% 
_Psa  0.501 0.187 2.68 0.475 5% 
_Psb  -4.33 0.364 -11.89 -4.35 0% 
_Psc  0.599 0.121 4.96 0.624 -4% 
_StaC  0.475 0.0993 4.79 0.492 -3% 
_StaB  -1.24 0.252 -4.94 -1.22 2% 
_CarN  0.311 0.0507 6.14 0.309 1% 
_Lic  1.39 0.256 5.43 1.42 -2% 
_Ocp  1.15 0.5 2.3 1.13 2% 
_Ocpc -0.455 0.16 -2.85 -0.444 2% 
_TI 0.664 0.0776 8.56(-4.33) - - 

log-LL( ) -2396.260(0.474) -2403.629(0.473) BC >Base  

 Log-likelihood Goodness   
   Given the null hypothesis that BC-MNL model equals Base Model, the log-likelihood (log-LL) 
ratio test criteria itself is larger than critical value of  here  is  3.84.  So  reject  the  null  
hypothesis and support the improvement introduced by BC transformation.  
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 Coefficient Comparison
A couple of coefficients also change considerably with the BC transformation. Especially the 

weight that is associated with the train alternative, such as the constant (ASCT) and the 
medium length dummy ( _MLD), and the general cost coefficient ( _FR) decreased by 12%. 
In other words, the coefficients might be biased in the base model due to the ignorance of 
nonlinearity in train in-vehicle time. Important characteristics such as value of time (VOT) for 
train should be further analyzed, but VOT for other modes appears to be underestimated in 
the base model.  

 Sign/Value Judgement
    For _TI the value is 0.664 which is less than 1, indicating diminishing marginal effect of in-
vehicle time on the train utility. The result is consistent with studies that were discussed 
before. On the other hand, the coefficient for well-employed dummy (recall full-time and 
self-employed occupation defined above) in car still turns against a priori, which is to be 
tested in the NL model context, with increased data availability.   

MNL Model Segmentation

The model consists of recurrent commuter trip and business trip purposes, which is 
regarded as heterogeneous group but with common business trip property.  In this part, 
data segmentation with regard to trip purpose would be employed. The former group is 
commuter trip makers with higher sensibility to travel cost. Business trip makers is the latter 
group that is assumed to be more time constrained and possess higher VoT. More details of 
significant behavioural differences can be found in chapter 3. Thereafter by assigning varied 
scale parameters for data segmentation with two trip purposes, the result is presented as 
follows: 

Table 4.6 Scale Parameter for data segmentation with trip purpose

Name Value Std.Err. t-test(1) p-val(1) In-sig. Asterisk 

Scale_Commuter 1 --fixed--   Scale_Business 1.05 0.0629 0.83 0.41 * 
The scale parameters for commuter and business group are verified to be insignificantly 

different from each other, which justifies treating the data with the same scale parameter. 
In other words, complete segmentation assigning distinct scales on trip purposes deemed to 
be implausible in this case.  For the purpose of dispersion reduction37, additionally partial 
segmentation is introduced in the following section. 

 Partial Segmentation
Recall combination and transformation in 3.3 section, we have associated individual 

income, trip length and party-size variable with distinct purpose dummy. Here we enlarge 
the variable range to include more socio-economic characteristics such as a status dummy in 

                                                             
37 Algers. S. & M. Gaudry (2001). Are nonlinearity and segmentation substitutes, complements, or unrelated in 
logit models? The Swedish intercity passenger case. Presented at the THINK-UP seminar on passenger and freight 
market segmentation, Berlin, Germany. 
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the family and license ownership, and transportation attributes such as the travel time, cost 
is considered for segmentation as well. Based on trial-and-error test the following 
combination is testified in MNL model: 

= ( + 0.0001) × 2 

Basically, the unproductive time for air commuter is primarily the waiting time. Explicitly, 
waiting time with stowed laptop might bother business traveller more than other travel time 
components (e.g. access time). Since commuter trips are usually shorter than business trip, 
hence the high proportion of waiting time in the air commuter trip might be the 
fundamental reason. 

Socio-economic characteristics: 

Income_Train = Income × Purpose2 

Income_Bus = Income × Purpose2 

License = [License] × Purpose4 

StaHH = [Status in household] × Purpose2 

StaHH = [Status in household] × Purpose2 

Note: all the square brackets in the following represent 0/1 dummy variable.

The income variable is verified to significantly affect the commuter choice but is 
insignificant for business trips. For car trips, license ownership performs a pushing role in 
business trips but the head of family possess more chances to use the household car for 
commuter trip. As we discussed earlier, household owned car is “naturally” assigned to the 
head in family for routine commuter, this phenomena is common in one-car-two-license 
households. But for non-recurrent business trips, a company car might be used and thus 
license shifts up as the foremost requisite for such a car trip. The relatively lower-earned 
person in household might also have to be captive public transport passenger, given they 
don’t virtually possess household car for commuter purpose. 

   Trip attributes: 

= [Psize < 5] × 4 

= [Psize 8] × 4 

= [Length 500] × 4

= [Length 500]&[Length < 700] × As we 
 Amplified Coefficient

    The number in bold has shown the noticeable percentage change. Besides the preference 
order, we also noticed couple of coefficients become more weighted indicated by larger 
negative numbers. For instance, for commuter trip the income becomes more significant 
and the spouse in the household gets more captive in public transport (here bus) than the 
general work/business trip. 
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Table 4.7 T-test for segmented variable in MNL model

 Segmented BC-MNL Model BC-MNL Comparison  

Name Value Std. Err. t-test p-val Value Changed Percentage  
ASCC 0 --fixed--   0 -  
ASCT 0.98 0.307 3.19 0 1.71 -42.69%  
ASCA -2.06 0.351 -5.89 0 -2.31 10.82%  
ASCB -1.26 0.242 -5.2 0 3.4 -137.06%  

_Age  0.478 0.151 3.16 0 0.485 -1.44%  
_SLD  1.4 0.465 3 0 1.91 -26.70%  
_FR  -0.0006  0.0001  -5.19 0 -0.0006 -4.33%  
_Gen  1.04 0.0925 11.19 0 0.887 17.25%  
_Inc  -3.26E-06 4.12E-07 -7.92 0 -1.98E-06 -64.65%  
_AI  -0.0124 0.0028  -4.5 0 -0.0128 3.13%  
_BI  -0.0074 0.0008  -9.41 0 -0.01 26.00%  
_CT  -0.0177 0.0008  -20.82 0 -0.0167 -5.99%  
_TI  -0.0551 0.0225 -2.45 0.01 -0.0614 10.26%  
_LLD  1.22 0.235 5.16 0 1.43 -14.69%  
_MLD  0.316 0.163 1.94 0.05 0.485 -34.85%  
_ABF  -0.0039  0.0012  -3.11 0 -0.0036 -7.22%  
_TBA  -0.017 0.0017  -9.91 0 -0.0182 6.59%  
_Psa  0.62 0.189 3.28 0 0.501 23.75%  
_Psb  -2.24 0.277 -8.09 0 -4.33 48.27%  
_Psc  0.515 0.119 4.35 0 0.599 -14.02%  
_StaC  0.757 0.152 4.99 0 0.475 59.37%  
_StaB  -1.85 0.368 -5.03 0 -1.24 -49.19%  
_CarN  0.371 0.0496 7.48 0 0.311 19.29%  
_Lic  1.74 0.138 12.62 0 1.39 25.18%  
_Ocpc -0.324 0.158 -2.04 0.04 -0.455 28.79%  
_TI 0.691 0.077 8.98 0 0.664 4.07%  

As a final point, only partial segmentation on relevant variables, as we applied above, is to 
be found significant. The MNL model based on partial data segmentation is employed for NL 
model in the following section. 

4.2 NL Model

Destination choice is a crucial element in the transportation planning stage, explicitly to 
pinpoint location for high-speed rail stations where the train has superiority or the 
destination is more attractive compared to available destination alternatives. This study 
assumes a choice process composed of selecting traffic analysis zones (TAZ) based on 
specific demographic characteristics (in the business-trip case population and work places 
are supposed to be more relevant) and a mode choice conditional on the chosen destination 
zone.  As  cited  earlier,  the  MNL  is  not  capable  of  accounting  for  unobserved  similarities  
among alternatives, followed by other studies. Thereafter NL model is utilized to relax the 
assumption of zero covariance, IIA still holds among mode alternatives within a nest defined 
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as same destination zone for trip maker.  Yet the covariance of unobserved terms between 
two alternatives in difference nest is still uncorrelated (Train 2003). 

Extended Model Function

Under NL model with respect to destination, utility is (following Train’s monograph) written 
as: 

 

For B , where: 

     depends only on variables that describe nest . These variables differ over nests but 
not over alternatives within each nest. 

 depends on variables that describe alternative . These variables have entered the 
utility function built in MNL model, which only vary over alternatives within nest . 

In this way, variables that have been verified in the MNL model estimation laid the ground 

for utility function in NL context. Recall the utility taken “size variable” ( ) as destination 

characteristics (Ben-Akiva & Lerman, 1985): 

1
 

However, in general,  one can estimate the coefficient of the size parameter instead of a 
priori constraining it to 1 (see Bhat et al., 1998)38. Thereafter the utility for NL model can be 
slightly modified as follows: 

 

 is  to  be  estimated  by  maximum  likelihood  as  other  variables  above.  Following  Daly  
(1982), the size variables can’t enter the utility function separately, or with negative 
coefficient.  The extended utility is slightly modified as follows: 

) +  

where 1,2 … ,   coefficients are to be estimated for size variables . An 
exponential function is employed to guarantee positive weight. As discussed before,  is 
not necessarily constrained to 1 but  is to be constrained to one to be independent on zone 
division.   

The size variable candidates for business trip modelling centre on population and number 
of work place, other available data such as tourist attraction dummy, culture and sport is 
empirically more relevant in private trip market according to findings in Chen’s thesis work39.  

                                                             
38 Bhat, C.R., Govindarajan, A., Pulugurta, V., (1998). Disaggregate attraction-end choice modeling: formulation 
and empirical analysis. Transportation Research Record 1645, 60-68. 
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Recall the log-sum that links the destination and mode by bringing information from lower 
mode choice level (firstly identified by Ben-Akiva (1973), see chapter 2)40: 

=
1

log exp )  

 is the scale parameter which determines the variance of the Gumbel distribution, the 
model  will  collapse  to  MNL  when  the  log-sum  parameter  is  set  to  one.  In  practice  we  

estimate = , which is the log-sum parameter bounded by zero and one.    

Model Structure &Stratified Sampling

The conventional way to describe the NL structure is with a tree diagram, in which four 
studied modes are at the lower level with destination zones at the higher level. The two-tier 
nested logit structure is illustrated as follows. 

Fig. 4.1 Tree diagram of NL model structure

Car AirTrainBus … Car AirTrainBus

Zone 1 Zone N... Destination Level

Mode Level

    Current household travel surveys usually use a form of random stratified sampling, with 
the strata typically based on the zone where the household is located. In total, 670 TAZs as 
destination choices is gathered. To focus on the destination of interest and alleviate 
computational burden, we select equal quantity of zones from each county stratum 
randomly. As commonly noticed in academic studies, stratified sampling is more efficient if 
there are obvious patterns which can be separated into strata, which is the case in this 
research that the variance of TAZ alternatives within same county is relatively less than the 
variance counterpart between counties. In Swedish domestic business trip market, 
Stockholm, Gothenburg, Malmö and the rest counties is stratum due to their respectable 
attractiveness. Explicitly, this study chooses five TAZs from each county stratum thus results 
in 21 destination zones including extra chosen zone (see figure 4.2).  

 

                                                                                                                                                                              
39 Chen X. (2010) Modelling demand for high speed rail in Sweden-Private Trips. Master Thesis. Forthcoming at 
the TLA department at the Royal Institute of Technology, Sweden. 

40 Ben-Akiva M. (1973). The structure of travel demand models. PhD Thesis MIT.  
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Fig. 4.2 Diagram illustration of destination choice in NL model

    As Lerman and Manski (1975)41 pointed out that the stratified sampling does not present 
any new problems, the maximum-likelihood continues to yield consistent, efficient 
estimation in the case of stratified sampling.  

However, the number of TAZs in each county differs from stratum to stratum, thereafter 
the selection probability varies. The correction factor based on the selection probability will 
help compensate the disproportional destination selection. As other studies indicated 
(Hernán, et al., 2004)42, the correction factor or sampling weight is computed as inverse 
selection probabilities. In the logit context, the natural logarithm of the inverse selection 
probability is formed as selection bias correction. Notice that the correction factor should be 
applied to the chosen zone as well, depending on the stratum where chosen zone belongs to. 
And the correction factor will only take effect when the selection probability from the 
stratum is less than 1.   

Estimation Results of Base NL Model

Mode and destination choice models have been estimated simultaneously in software 
ALOGIT by maximum likelihood. Hague Consulting Group (1995)43 has provided a guide for 
model estimation and application in ALOGIT. Since the log-likelihood function is not globally 
concave thus different optimization algorithms and initial values is to be employed.  

 Base NL model
Together with the newly introduced size variables, base model in MNL part has laid the 

ground for base NL model I. The significant estimator of coefficients in MNL is to be set for 
the starting values here, and the optimization algorithm applied in ALOGIT is primarily 
employing the Newton-Raphson method. 

                                                             
41 Lerman, S. & C. Manski. (1975). Alternative Sampling Procedures for disaggregate choice model estimators. 

Transportation Research Record. 592:24-28 
42 M.A. Hernán, et al. (2004). A structural approach to selection bias. Epidemiology. 2004(15):615-625.  

43 Hague Consulting Group (1995) ALOGIT: User’s Guide, Hague Consulting Group, Den Haag 
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_ABF, _Age, _Ocpc, _Psa are excluded because of proceeding in-significance for NL 
utility, series trials on these variables is listed as follows: 

Table 4.8 Insignificant coefficients in NL estimation

Coefficient _ABF _Age _Ocpc _Psa _SizePop 
Estimate -2.10E-03 0.2821 -3.27E-02 0.2764 -16.66 
Std. Err. 2.16E-03 0.148 0.154 0.166 143. 

t-test -1 1.9 -0.2 1.7 -0.1 
The coefficient for the unproductive time for air, the well-earned occupation, the age 

dummy for the older and the party size for air might be excluded due to insignificant 
coefficients. Meanwhile these variables are indicated to be over-fitted for the chosen zone 
data in MNL model.  The population as a size variable has a considerably large negative 
coefficient, leading to ( 16.66) 0  therefore the population variable might be 
negligible in the utility function. 

Generally for 21 destination nests, the estimated coefficients in ALOGIT are illustrated as 
follows: 

Table 4.9 Estimation results of base NL model I

Coefficient Estimate Std. Error t-test(1) 
ASCC 0 -fixed- - 
ASCB -0.9312 0.226 -4.1 
ASCT 0.9189 0.147 6.2 
ASCA -2.672 0.237 -11.3 

_FR -7.46E-04 7.96E-05 -9.4 
_AI -1.17E-02 1.94E-03 -6 
_BI -9.22E-03 7.84E-04 -11.8 
_TI -1.34E-02 6.73E-04 -19.9 
_CT -2.02E-02 5.24E-04 -38.6 
_TBA -1.95E-02 1.63E-03 -12 
_Inc -3.50E-06 3.88E-07 -9 
_Gen 0.4514 0.201 2.2 
_StaB -1.949 0.365 -5.3 
_StaC 0.6868 0.143 4.8 
_Lic 1.703 0.126 13.5 
_CarN 0.3296 4.64E-02 7.1 
_Psb -2.168 0.268 -8.1 
_SLD 1.332 0.443 3 
_MLD 0.3237 0.148 2.2 
_LLD 2.471 0.176 14.1 

Correct Factor 1 -fixed- - 
_Size_WP 1 -fixed- - 

 0.9522 1.47E-02 64.7(-3.25) 
Adjusted /Log-Likelihood 0.4979/-7926.5730 
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 Nest Scale
Log-sum  parameters  are  set  to  be  the  same  for  21  nests  which  include  same  mode  

alternatives. As table 4.9 shown, nest scale  is tested to differ significantly from 0 
and marginally different from 1, indicating a correct nesting structure but with high 
independence among all the alternatives in all nests. The size variable and related correction 
factor are both constrained to one, to be independent on the zone subdivision.  

NL Model with Quality Size Variable

For the log-sum parameter, the marginal difference from one also hints on high possibility 
to collapse into standard logit model, if the common unobserved factors influencing the 
attraction  of  elementary  alternatives  within  a  zone  can  be  figured  out.  As  Newman  et  al.  
(2010)44 suggested, other destination qualities besides employment quantities might be 
emphasized. The destination quality might be numerously complicated if individual 
perception on quality is taken into account. In this study, destination is stratified by county 
so that county dummy for Stockholm etc. might be appropriate indicator for common 
factors among elementary alternatives within zone nest.  

 Estimation Results
The county dummy for Stockholm, Gothenburg and Malmö is added to zone 1, zone 2-6, 

zone  7-11  and  zone  12-16;  for  the  rest  zones  the  county  dummy is  zero  for  identification  
reference. Then NL model II that  combines  “Base  NL  model”  with  quality  size  variable  is  
calibrated by ALOGIT, the results presents as follows: 

Table 4.10 Estimation output of NL model II with county dummy variable

 Estimate Std. Err. t-test(1) 
ASCC 0 0 0 
ASCB -0.9415 0.224 -4.2 
ASCT 3.023 0.186 16.3 
ASCA -3.157 0.234 -13.5 

_CT -1.99E-02 5.10E-04 -39 
_BI -8.91E-03 7.79E-04 -11.4 
_TI -0.2728 1.17E-02 -23.3 
_AI -8.22E-03 1.96E-03 -4.2 
_FR -6.15E-04 7.88E-05 -7.8 
_TBA -1.97E-02 1.64E-03 -12 
_CarN 0.3337 4.59E-02 7.3 
_Gender 0.4595 0.201 2.3 
_IncTB -3.50E-06 3.84E-07 -9.1 
_Lic 1.673 0.126 13.3 
_StaC 0.6606 0.142 4.7 
_StaB -1.985 0.365 -5.4 
_Psb -2.218 0.268 -8.3 
_SLD 1.462 0.435 3.4 
_MLD 0.4314 0.147 2.9 

                                                             
44 Newman, et al. (2010) Hierarchical ordering of nests in a joint mode and destination choice model. 
Transportation, published online: 17 April 2010. 
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_LLD 2.416 0.172 14.1 
_StoD 0.7941 5.60E-02 14.2 
_GotD 0.497 7.05E-02 7 
_MalD 0.4575 8.23E-02 5.6 

Correct 
Factor 1 0 0 

_Size_WP 1 0 0 
 1.015 1.62E-02 62.6(0.93) 

Adjusted /LL 0.507 -7781.88 
 

After  the  introduction  of  quality  size  variable,  the  modal  fit  is  improved  in  terms  of  
adjusted  and final Log-Likelihood. By conducting null hypothesis that model A = model B, 
or explicitly: 

0

And the test statistics for null hypothesis is given by 

2( ) 

Which is asymptotically distributed as with  = 3 as degree of freedom.  In 
this case, the null hypothesis is rejected at 0.05 risk level.  

2( 7926.57 + 7781.88) = 289.39 > 7.81 

In general, model B with quality size variable improves the modal fit significantly. The 
newly introduced county dummy is statistically verified as an important factor, which is the 
common factor among the elementary alternatives within the destination zone. Thereafter, 
the NL model collapsed into MNL model with log-sum parameter equaling one statistically. 
Consequently, MNL model III with quality size variable can still hold similar goodness of fit 
as NL model II, with final log-likelihood equating -7782.  

4.3 VoT Constraint

VoT Study on RP data

Value of time (VoT) is of interest in the transportation planning both theoretically and 
practically. The cost benefit analysis (CBA) of HSR introduction centers on the VoT. However, 
as international research suggested, VoT from RP data might suffer from variation deficiency 
and variable correlations in the underlying unobserved choice behavior. Although the sign 
and  t-test  is  as  expected,  the  VoT  calculated  following  the  equations  below  seems  
overestimated for most of the modes. 

=
)/
)/

=  
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where V is the determined utility function,  are the coefficients estimated for 
in-vehicle time and travel cost respectively. For BC transformed in-vehicle time in train 
alternative, the VoT is derived as follows: 

)
 

In  this  study,  the  VoT  considering  BC  transformation  of  train  in-vehicle  time  varied  with  
each observation point, and then the average of VoT for train observations as well as other 
ordinarily mode-specific VoT is presented in table 4.11. 

Table 4.11 Value of time on RP study

Parameter Estimate VoT (SEK/h) 
_FR -6.15E-04 Car Bus Train Air 
_CT -1.99E-02 1941    
_BI -8.91E-03  869   
_TI(BC) -0.2728   1158  
_AI -8.22E-03    802 
_TBA -1.97E-02   1922  

VoT on Stated Choice Data

To address limited variation in RP data, an SP study was conducted in parallel to estimate 
VoT for  business  trips.  Similar  to  the model  experience based on RP data,  reliable  models  
had been validated in another independent SP study by Wang (2010)45.  

To begin with, Wang established a binary logit model based on a recent SP survey, and VoT 
is derived from the estimates of associated coefficients for time and cost, which is shown as 
follows. 

Table 4.12 Value of time from SP study

Trip Purpose Commuter Business 

VoT (SEK/h) Car Bus Train Air 
234 156 323 792 

Adjusted VoT 300 200 330 800 
For interested reader, the thesis paper by Wang (2010) is referred to for more details.  In 

brief, VoT for car and bus traveler is only available for commuter purpose, which supposed 
to be less than the VoT for business purpose, according to related literatures. In that the VoT 
is adjusted by multiplying by 1.25 to approach the VoT for general business case.  

Moreover, another set of behavioral value of time is adjusted to current prices based on 
findings of previous VoT studies in Sweden (Algers, 1995)46. Income and inflation is the 
primary factor for VoT growth between 1994 and 2010.  

                                                             
45 Q. Wang (2010).Travel Demand Forecasting with Stated Choice Data - Swedish Domestic Long-Distance Trip. 
Master Thesis. Examined by the TLA department at the Royal Institute of Technology.  
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Table 4.13 VoT findings from national VoT study in 1994

VoT (SEK/h) Car Train Air 
1994 188 282 279 
2010 263 395 391 

Comparing table 4.13 with table 4.12, VoT for bus is not presented due to data availability. 
The main divergence concerns VoT for air, the study in 1994 apparently suggested lower VoT.  
So that lower VoT for air is to be employed in the following VoT constraint as well. One thing 
to mention is that cost is not divided by income in the model specification, thereby assuming 
that individual income is not the key factor in choice decisions made by both employer and 
actual traveler.  

MNL III with VoT Constraint

The newly established model MNL III is thus employed with VoT constraint from SP study. 
Since the VoT constraint is virtually the ratio of two coefficients, the scale of SP is canceled 
out and the constraint might be applied as follows: 

 

     where =   is acquired from SP studies in table 4.12.  

 is  the  only  parameter  to  be  estimated  for  the  ordinarily  generalized  cost  (GC)  
variable. But for BC transformed GC,  is also estimated as follows: 

1)
 

    Recall the model specification in 4.1 MNL section, the cost is perceived similarly across the 
mode by a generic coefficient. Yet, the in-vehicle travel time is associated with mode-specific 
coefficients, indicating varied perception of unit in-vehicle time saving with mode. In that 
the formulation of generalized cost follows this finding, assuming VoT varied with mode but 
cost is perceived as it is (possibly not affected by mode, is to be tested in the following part). 

 

MNL Model IV

Likewise, GC is transformed by BC formula for both capturing the diminishing marginal 
values  of  GC savings  and improving the modal  flexibility.   The combination of  BC and VoT 
constraint leads to MNL Model IV. In BC context, the model IV is calibrated with software 
Biogeme.  

                                                                                                                                                                              
46 Algers, S. Dillen, J.L. Widlert, S. The national Swedish value of time study. PTRC European Transportation Forum. 

1995.  
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Table 4.14 BC Estimation of GC in MNL Model IV

VoT Constraint 
(Car Bus Train Air) 

BC Transformation   
 t-test(1)  t-test(1)  t-test(1) 

A(300,200,330,800) 0.321 20.25(-42.97) 
0.128 2.11(-14.37) 

0.383 8.35(-13.44) 
B(300,200,330,330) 0.318 21.26(-45.47) 0.386 8.25(-13.12) 
C(500,500,330,800) 0.322 21.09(-44.31) 0.386 8.42(-13.41) 

For series C, the VoT for car and bus is assumed using the mean of train and air 
counterpart due to data deficiency. The BC parameters for GC of air alternative ( ) are 
both insignificantly different from 0, instead ordinary GC fits the model with significant 
coefficients. Furthermore, is marginally different from 0, which might results in natural 
logarithm transformation of GC. The log transformation turns out slightly improve the modal 
fit, yet the model hasn’t reached the convergence. In another independent experiment 

) for bus appears to be highly correlated with the bus-specific constant in ALOGIT 
estimation. Simultaneously, we tested the generic BC transformation for all the alternatives 
except GC in air. The modal fit ends up worse than the mode-specific BC transformation 
(shown in table 4.14) by log-likelihood ratio test (not presented here, see 4.2 for details).  In 
short, the marginally significant BC transformation instead of logarithm is regarded as more 
appropriate from modelling aspect, and mode-specific BC transformation of GC is 
recommended for better modal fit. 

Basically,  the  VoT  constraint  based  on  the  newly  conducted  SP  survey  (VoT  Series  C)  is  
verified with considerable goodness of fit and further flexibility in modelling effects of crucial 
variables at various levels. The lower VoT for air limits the fit in terms of lower log-likelihood 
as well. Generally, higher VoT constraint for car, bus and air is verified and applied in the 
following model specification; the power index for BC transformation has converged at 
0.320, 0.385 and 0.128 for GC in car train and bus respectively. In this study, the model as a 
whole can only approximate the convergence in Biogeme, due to apparently singular 
function of the log-likelihood. Yet, Biogeme prepares BC transformation parameters   
(0.320, 0.385 and 0.128 as discussed above) as estimation constraint in Alogit (the data is 
actually processed with these BC parameters firstly). Thereafter the estimation for other 
coefficients is accomplished by ALOGIT, as shown in table 4.15. 

Table 4.15 Estimation result of MNL Model IV

 Estimate Std. Err t-test 
ASCC 0 0 0 
ASCB 2.689 0.664 4 
ASCT -1.724 0.216 -8 
ASCA -9.084 0.288 -31.6 

_GCC(BC) -0.3186 6.04E-03 -52.7 
_GCB(BC) -0.9486 5.56E-02 -17 
_GCT(BC) -0.1486 4.34E-03 -34.2 
_GCA -6.42E-04 5.08E-05 -12.6 
_TBA -2.06E-02 1.63E-03 -12.7 
_CarN 0.342 4.59E-02 7.5 
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_Gender 0.5157 0.203 2.5 
_IncTB -3.82E-06 3.90E-07 -9.8 
_License 1.737 0.128 13.6 
_StaC 0.633 0.143 4.4 
_StaB -1.883 0.367 -5.1 
_Psb -2.112 0.27 -7.8 
_SLD 1.397 0.445 3.1 
_MLD 0.3288 0.147 2.2 
_LLD 2.424 0.173 14 

StoD 0.7272 5.72E-02 12.7 
GotD 0.4745 7.03E-02 6.7 
MalD 0.418 8.33E-02 5 

_Size_WP 1 0 0 
Correct Factor  1 0 0 
Adjusted  /LL 0.517/-7627.34 

 

 Sensitivity of Generalized Cost
For BC transformed GC for car, bus and train mode, the comparison is complicated due to 

variation with particular observation points. What’s more, the flexibility of transformation 
degree ( and ) differs from each other in this study. The comparison of 
sensitivity to GC among mode alternative is illustrated in figure 4.3. The comparison 
concentrates on the effect of BC transformation on the alternative-specific utility, rather 
than how the VoT variation might influence the mode choice. In that, the generalized cost is 
simply given the same value in the following figure. 

Fig. 4.3 Graphical comparison of sensitivity to generalized cost in four studied modes

 

In reality, the GC is often less than 10000SEK for an ordinary business trip, where the air 
and train traveller seems to be less sensitive than bus and car counterpart.  Car user is 
usually  the  most  sensitive  group  except  when  the  GC  is  less  than  5000SEK,  which  is  a  
common budget for business trip. It’s also noticed that savings of GC (either in in-vehicle 
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time or ticket fee) for bus might help gain much more utility for bus than other alternatives, 
when the GC is comparatively low. Likewise, a small reduction of GC in a relatively high GC 
case might turn air and car to obtain more utility, compared with similar reduction for other 
alternatives.  

In comparison, car, bus and train travellers appear to be less affected by GC with the 
growth of GC. In other words, when the GC is low one unit reduction can have more utility 
gained, than in the high GC case. The implication is that train travellers might clearly feel the 
difference  if  HST  can  make  a  difference  in  relatively  low  GC.  When  the  trip  length  is  
extremely long or the cost is abnormally high, HST might fail to influence the utility thus the 
final choice simply by its in-vehicle time savings.  

One  thing  to  mention  is  the  comparison  is  only  experimentally  possible.  GC  never  stays  
exactly same for all  the modes, for instance, GC for air is mostly higher than others due to 
considerable travel costs and a high associated VoT.  

 County Attractiveness Comparison
In the MNL model, the direct comparison might only be conducted when the alternative 

specifications share the variables of same kind. For instance, besides GC variable the county 
dummies also enter all the alternatives, thus the comparison of numerical coefficients is at 
its own right. As policy implication, the county with high attractiveness might expect to 
receive higher priority in transportation investment such as HSR introduction. Realistic policy 
decision is made through more sophisticated investigation; here the county dummies and 
corresponding estimation act more for modal fit and the reflection of current destination 
choice pattern. 

Table 4.16 The county difference from each other

t-test Stockholm Gothenburg Malmö Coefficient Std. Error 
Stockholm 0 -2.78 -3.06 0.7272 5.72E-02 

Gothenburg 2.78 0 -0.52 0.4745 7.03E-02 
Malmö 3.06 0.52 0 0.418 8.33E-02 

Basically, Stockholm tests to be more attractive as a business trip destination, statistically 
compared with Gothenburg and Malmö. On the other hand, Gothenburg and Malmö is not 
much  different  from  each  other,  thus  might  be  treated  as  similarly  of  interest  to  business  
travellers. The HSR between Stockholm and either county is implicated as equally important 
from this study.  

 Modal Fit
Apparently, MNL model IV outweighs the previous MNL model III with considerable 

improvement of the modal fit, by applying BC transformation of GC based on appropriate 
VoT constraint. MNL Model IV is regarded as the model prototype for further modal 
refinement and validation. 



Master Thesis-Sida Jiang 46 

4.4 Model Refinement and Validation

Model Refinement

The MNL model IV is refined by comparison between observation and estimation results. In 
practice, the comparison is conducted for the variable of interest, in that we might modify 
the specification if considerable gap can be alleviated between the model and the reality. 
The focal variables are the verified variables in the specification, since other available 
variables have been testified as insignificant factor or irrelevant. Moreover, only the variable 
that enters across alternatives is employed for the comparison between estimation and 
observation. Because alternative-specific variables, such as train in-vehicle time, are 
assumed to only affect specific alternative. The comparison with respect to a particular 
variable (in this case trip attribute and socio-economic variable) is applied and presented in 
ALOGIT. 

Table 4.17 Observation Vs. estimation with gender

 Choice Female Male Total 

Car No. Chosen 396 1756 2152 
No. Predicted 525 1627 2152 

Bus No. Chosen 53 73 126 
No. Predicted 53 73 126 

Train No. Chosen 356 495 851 
No. Predicted 237 614 851 

Air No. Chosen 142 367 509 
No. Predicted 132 377 509 

Total No. Chosen 1009 2629 3638 
No. Predicted 1009 2629 3638 

It’s noticed that the model over-predicts the number of female car users, meanwhile it 
underestimates the preference for train for female business travellers. Therefore, the 
gender dummy for female is added to the car and train specification, as the gender dummy 
we put in the bus alternative. Basically the new variable introduction improves the modal fit 
from  formerly  -7627  to  currently  -7554  in  log-likelihood.   Among  other  comparisons,  the  
comparison with respect to trip distance also shows a noticeable gap between estimation 
and observation, especially for air. Therefore the tour based long-distance dummy is 
enhanced from 500 to 800. By this increment in dummy variable definition, the log-
likelihood is thus enhanced from -7554 to -7503. Furthermore, the trip length dummy for 
train is modified as if the tour length lays in-between 150 and 400, to replace previously 
length dummy in-between 500 and 700. By this single change, the log-likelihood is improved 
dramatically. To summarize the modification of variable definition and introduction, 
following table is presented. 
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Fig. 4.4 Illustration of model refinement according to model-and-observation comparison

 

Model Validation

In this study estimation and validation are merged because there is no independent 
database for separate validation. As international modelling practice suggested, reasonable 
coefficients and consistent agreement among coefficients is the expected properties of 
validated model. To begin with the reasonableness and consistency of the refined MNL 
model IV: Model V, following table is given.  

Table 4.18 Validation examination I reasonableness and consistency of estimated coefficients

 Estimate t-test(1) Hypothesis Agreement 
ASCC 0 0 Car and bus is more preferred possibly due to 

some unobserved factors, such as mode 
flexibility and exclusive space or other factors 
that is unavailable for the modeling. Still the 
preference is very theoretical and in this case 
the ASC values are not beyond the expectation. 

ASCB 2.678 4 
ASCT -1.752 -7.5 

ASCA -9.232 -32.1 

_GCC -0.3137 -51.3 The sensitivity to GC seems not changing since 
Model  IV  for  all  the modes,  so  that  conclusion 
based  on  fig.  4.3  still  holds  that  bus  and  car  
travelers are more sensitive. The GC reduction 
might receive more effect when the GC is 
relatively low. 

_GCB -0.9421 -17.1 
_GCT -0.1542 -33.5 

_GCA -6.02E-04 -11.8 

 0.320 20.25(-42.97) The BC index is estimated in Biogeme, the 
result is consistent with the diminishing 
marginal effect of GC reduction on the utility. 

 0.128 2.11(-14.37) 
 0.385 8.25(-13.12) 

_TBA -2.20E-02 -13.1 

As expected, the unproductive time seems 
more suffering than in-vehicle time in train, 
considering similar scale for transformed GC 
and the combined unproductive time. 

_CarN 0.3649 7.7 Positive effect for can as expected. 

_GenC -0.8232 -6.1 Female business travelers avoid car using as 
expected. 

_GenT 0.3856 2.9 Female business travelers prefer to train might 
indicate protection feeling in the train. 

_IncTB -3.64E-06 -9.8 Train and bus is supposed to be the inferior 

MNL 
Model IV

•Log-likelihood = -7627, adjusted 2 =0.517
•Recommended model for refinement 

Gender 
Dummy in 

Car and 
Train

•LL=-7554, adjusted 2 =0.522
Gen_Car=-0.71, Gen_Train=0.46, with sig. t-test value and expected signs; 

however Gen_Bus is removed due to insig. t-test value

Re-define 
Length 
Dummy 

•Final LL=-7469, adjusted 2 =0.527
Len_Train=-1.024, Len_Air=2.56 with sig. t-test value. The sign of Len_Train is 

reversed  due to new definition of  tour length dummy: [150, 400] for train.
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good, being consumed less with the income. 
_License 1.129 8.5 License ownership is the premise for car choice. 
_StaC 0.5665 4 Head in family is more possible to drive car. 
_StaB -1.965 -5.4 Head in family don’t want to travel by bus 

_Psb -2.65 -9.8 Party size less than 8 might consider other 
alternatives than bus 

_SLD 1.599 3.6 Preference to use car in short distance trip 

_MLD -1.024 -8.2 Train seems less competitive if the tour length 
in-between 150 and 400. 

_LLD 2.56 17.1 Preference to air for long distance trip. 

_StoD 0.7217 12.6 Stockholm seems more attractive than other 
county as expected. 

_GotD 0.4769 6.8 Gothenburg seems more attractive than others, 
except Stockholm and Malmö. 

_MalD 0.4144 5 Malmö performs similarly as Gothenburg. 
_Size_WP 1 0 Constrained parameter for model specification. Correct Factor 1 0 

First  of  all,  the  sign  and  value  for  studied  coefficients  is  mostly  consistent  with  the  
hypothesis. Secondly, the adjusted  is relatively high compared with a series of models 
that have been discussed in the project. As a commonly used measure of the quality of the 
estimated logit model,  represents the realistic variation that is actually captured by the 
model. In general, model V is regarded as validated for its distinct explanatory capacity and 
high consistency with international findings.  

 Percentage of Right
To test the estimation accuracy both in mode as well as the destination choice, the 

percentage of right is commonly conducted by comparing the estimation with observation. 
From transportation planning standpoint, the accuracy on the aggregation of individual 
choices is of interest compared with the accuracy at the individual level. Thereafter, the 
percentage of right follows the calculation: 

=
( )

  

where = 1 , 0 . s the 
sample size. Thereby, only the estimation of mode with correct destination is taken into 
account. The following table is derived based on the probability output from Biosim in 
Biogeme. 

Table 4.19 Percentage of right VS. the realistic share of chosen mode and destination

Choice 
 

Comparison 
Car Bus Train Air In total 

Estimation 1452 46 322 272 2092 
Observation 2152 126 851 509 3638 
Percentage of Right 67.47% 36.51% 37.84% 53.44% 57.50% 

One thing to keep in mind is the destination here is the traffic analysis zone, in that the 
percentage  of  right  might  be  further  improved  if  we  calculate  in  county  level.  After  all,  
partial incorrectly estimated destination located exactly in the same county with the chosen 
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zone. In short, the recommended model is validated with considerable percentage of right, 
especially for the HST’s competitor: car and air. Enhancement on bus and train alternative 
might be conducted in the future research. 

4.5 Model Application

On the ground of the refined model V, elasticity analysis and policy scenario of interest is 
implemented in the model application part. The elasticity serves mainly the purpose of 
sensitivity of demand according to one variant, while scenarios might be built to investigate 
the demand share under a series of changes for the planning year. Prediction based on 
reasonable scenario settings and a credible mathematic model is of essence for HST study, 
and the primary concern is  to  forecast  how travel  demand might  change in  response to  a  
series of policy scenarios.  

Elasticity Analysis

Basically, elasticity is a commonly used tool to examine the sensitivity of demand for 
changes in a choice alternative. The change in demand share of alternative A by changes of 
alternative A associated variable is measured by  the direct elasticity; while the demand 
changes in alternative B with respect to the change of alternative A associated variable is 
called cross elasticity. For instance, how much the market share would increase for train if  
the HST would reduce in-vehicle time by 1%, is the case of direct elasticity. Meanwhile what 
would  occur  to  air  demand  is  presented  by  the  cross  elasticity.  In  MNL  model,  the  cross  
elasticities  theoretically  remain  the  same  across  all  the  other  modes,  yet  in  practice  IIA  
might be hard to completely retain, although the cross elasticities are expected to be close 
to each other.  

In practice, the elasticity is calculated for prediction purpose. We might have several plans 
with different attributes for newly introduced HST, say higher speed, integrated transfer or 
other  service  improvement but  maybe at  the cost  of  more expensive ticket  for  train.  By  a  
series of scenarios with distinct variables, the modelled travellers will response with mode or 
destination changes, or simply remain the same if the changes are not perceived significantly. 
In this study, the focus is on the incorporated variables in the train specification for HSR 
investigation purpose. Table 4.20 illustrate the direct and cross elasticities according to 
change in generalized cost, unproductive time and individual income separately. 

Table 4.20 Elasticity of mode demand share with GCT, TBA and Income

Elasticity GCT TBA Income 
Car 1.0408 0.0877 0.0745 
Bus 1.7441 0.2186 0.1102 
Train -3.6025 -0.3073 -0.2298 
Air 1.1704 0.0870 0.0416 

As expected, the highest elasticity is derived for GC of train. With 1% increment in GC we 
would gain -3.60% in train demand but up to 1.74% growth in other alternative mode. The 
elasticity times corresponding mode choice probability equals zero, which is consistent with 
intuition that the demand market loss in one mode equals the share gained in the other 
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modes. In the practice, the cross elasticity is slightly different due to usage of varied choice 
sets,  so  one  might  think  that  IIA  property  is  not  strictly  obtained.  However  MNL  is  still  
recommended considering large data scale with destination choice, and more importantly 
with apparent evidence of insignificant (from one) log-sum parameter for the destination 
nest.  

The unproductive time is taken as the minor factor compared with GC, which might 
implicate more efforts to reduce GC with higher priority, then followed by the reduction of 
unproductive time (access time multiply the boarding number). At last, with the income 
keep growing as an inevitable trend, the train actually has to either improve the service or 
reduce  the  cost  for  passenger  to  maintain  the  market  share.  To  sum  up,  HSR  might  be  
recommended to retain the attractiveness of train in the business trip market considering 
growing market share with respect to generalized cost reduction; and it’s not ignorable that 
HSR might stimulate extra mobility demand, thus increase train share in an expanding travel 
market.  

Scenarios for HST introduction

Before massive investment on the HSR infrastructure and the realization of HST services, a 
strategic scenario is necessary to define and analyse to ensure the visions for HST 
introduction. Generally, the in-vehicle time and the service level such as frequency and 
comfort are expected to improve in HST, while the travel cost would increase, due to the 
capital investment. Moreover, we might also suspect that VoT might vary with the economic 
growth might turn more people to choose HST. Yet the scenario here is a simplified version 
of reality in the planning year, for a brief outlook of HST introduction. Following the HST (and 
HSR) plan proposed by transportation administration in Sweden (“trafikverket”), two basic 
scenarios are thus experimented: one is the short-term scenario and the other is the long-
term scenario. Literally, short-term scenario is more operative presenting the speed 
upgrading from 200km/h to 250km/h by 202047. The long-term scenario is with dedicated 
rail for passenger train and the speed is planned to reach 300km/h for regular service.  

 Short-term Scenario
In the short-term scenario, the attaching travel cost mainly comes from the upgrading 

signal system and service schedule adjustment. For simplification, the travel cost is assumed 
proportionally growing with the speed upgrading. By focusing the trip between the 
destinations of interested in Sweden, the following table is referred: 

 

 

 

 

                                                             
47 http://en.wikipedia.org/wiki/High-speed_rail_in_Sweden 
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Table 4.21 Realistic travel times and the counterpart based on future plans in 202046

Travel 
Time 

(minutes) 

Gothenburg-
Stockholm 

Malmö-
Stockholm 

Gothenburg- 
Malmö 

To general 
destination 

To 
Stockholm 

To 
Gothenburg 

To 
Malmö 

Year 2009 185 265 270 Assumption: The reduction rate to general 
destination is the mixture of HSR and 
conventional train. To particular county, 
reduction rate simply use the available minimum 
rate for travel time reduction. 

Plan 2020 160 240 240* 

Reduction 
(%) 14 9 11 5* 9* 11* 9* 

Note: Planning travel time in-between Gothenburg- Malmö is unavailable thus inferred by 
other source. The reduction rate of the travel time to general/particular destination is 
hypothetic. 

So far HST introduction concentrates mostly on the links between the destinations that 
we discussed, then we assume the average reduction of travel time is 5% for general case 
that no particular destination is mentioned, for example for the chosen zone that might 
belong to any stratum. Compared with Stockholm, Malmö and other county, Gothenburg 
might be mostly beneficial basically due to its centre location in HST short-term plan.  
Accordingly, the travel cost is adjusted for plan year 2020. The scenario is built with ALOGIT 
and the output is organized as follows: 

Table 4.22 The output of the short-term scenario

Choice Female Male In Total 
Forecast 393 1749 2142 

Car    
Base 396 1756 2120 

%change -0.8 -0.4 -0.5 
Forecast 45 80 125 

Bus    
Base 46 80 126 

%change -1.1 -0.5 -0.8 
Forecast 360 503 864 

Train    
Base 356 495 851 

%change 1.2 1.7 1.5 
Forecast 148 359 507 

Air    
Base 149 360 509 

%change -0.5 -0.3 -0.4 
In short-term scenario, business traveller change to train from other modes in spite of 

corresponding travel cost growth. The majority of new demand comes from car considering 
the numerically substantive car travellers, yet the most affecting mode might be bus in 
terms  of  reduction  percentage.  One  might  also  expect  the  male  is  less  sensitive  to  the  
associated high cost, while appreciate more of travel benefit by HST. 
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Moreover, it is often expected that the transferred demand to train is distributed spatially 
different, or in other words, the travel demand might expand either in relatively short 
distance or the way around. Therefore, table 4.23 with respect to varying distance range is 
presented.  

Table 4.23 Scenario output with regard to trip distance

Trip 
Distance -150 -200 -300 -500 500+ Total 

Forecast 119 332 84 150 179 864 
Base 117 327 83 148 177 851 

%change 1.5 1.6 1.5 1.5 1.3 1.5 
   Basically for one-way trip by train, the travel demand for short distance would increase 

considerably compared with base scenario. Meanwhile the diminishing rate of growth is 
noticed, which indicated that HSR might lose its competitiveness when the distance is 
extremely long. In that situation, business travellers would go straight to air and the massive 
investment in HST might turn out economically ineffective. In brief, the speed upgrading 
from  200km/h  to  250km/h  seems  to  slightly  drive  the  demand  to  train,  while  the  share  
change might be regarded credible base on the conservative assumption for travel time 
reduction. For the ambitious plan with remarkable HST, the long-term scenario is studied in 
the following section. 

 Long-term Scenario
 There are plans for long completely new high-speed railways Stockholm-Linköping-

Jönköping-Borås-Gothenburg ("Götalandsbanan") and Jönköping-Helsingborg-Malmö 
("Europabanan"), with planning speed between 300-320km/h48,49. The travel time reduction 
is thus assumed with 50% at maximum, the transfer centre in HST (and HSR) long-term plan 
is Jönköping instead. So the speed benefit is assumed equalled among three counties, 
implicitly  40%  reduction  rate  for  the  travel  time  and  20%  for  other  trips  with  general  
destination.  The plan package includes the construction for rail segment and dedicated train, 
the substantive fiscal subsidy is herein the premise. For conformity with short-term scenario, 
the  travel  cost  is  assumed  increasing  with  the  rate  of  speed  increment.  The  travel  time  
reduction between Stockholm and another county is given in the plan proposal, the data 
with “*” is inferred with available data and basically conservative estimated. 

 

 

 

 
                                                             
48 http://www.banverket.se/sv/Amnen/Pressrum/Nyhetsarkiv/2008/juni/Goda-forutsattningar-att-effektivisera-
jarnvagen-med-hoghastighetsbanor.aspx Good possibilitites to make the railway more efficient with high speed 
railways (in Swedish) 

49 Decision to investigate (in Swedish), available website at 
http://www.banverket.se//pages/9277/Beslut_om_utredning.pdf  
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Table 4.24 Realistic travel times and the counterpart based on future plans in 2050

Travel 
Time 

(minutes) 

Gothenburg-
Stockholm 

Malmö-
Stockholm 

Gothenburg- 
Malmö 

To general 
destination 

To 
Stockholm 

To 
Gothenburg 

To 
Malmö 

Year 2009 185 265 270 240    
Plan 2050 135 160 160* 192    
Reduction 

(%) 27 40 41 20* 40 40 40 

It’s noticed that for the case with 40% travel time reduction, train travel time might turn 
out to be even shorter than the total travel time by air including check in. In other words, 
the  accessibility  as  well  as  the  regional  economy  is  better  off.  The  related  benefit  for  the  
train ridership might be captured by the model had the total travel time been taken into 
account. In short, if the travel time and travel cost is adjusted as we discussed above, then 
the demand prediction of model in the long-term scenario is thus shown as below: 

Table 4.25 The output of the long-term scenario

Choice Female Male Total 
Forecast 38.3 172.7 211 

Car    Base 39.6 175.6 215.2 
%change -3.2 -1.7 -1.9 

%change 1992 - 2002 -2.7 
Forecast 4.4 7.8 12.2 

Bus    Base 4.6 8 12.6 
%change -4.7 -2.3 -3.2 

%change 1992 - 2002 0.4 
Forecast 37.4 53.1 90.5 

Train    Base 35.6 49.5 85.1 
%change 5.1 7.3 6.4 

%change 1992 - 2002 2.6 
Forecast 14.6 35.5 50.1 

Air    Base 14.9 36 50.9 
%change -2.3 -1.4 -1.7 

%change 1992 - 2002 No data 
Change percentage between 1992 and 2002 derived from the source:  Eurostat, ECMT, UIC 

European Commission and national figures. 

There are two main findings in the long-term scenario. First of all, the change percentage 
is  quantified  at  a  correct  scale  by  comparing  the  history  statistics  (%change  1992-2002  in  
table  4.25)  with  the forecast  in  bold.  The change from the statistics  source is  the realistic  
change which covers all aspects such as policy adjustment, mobility promotion between 
1992  and  2002.  While  the  change  by  scenario  setting  is  mainly  served  for  HST  (and  HSR)  
introduction, in other words, technical improvement is inevitable in other modes as well but 
remains unchanged in the simplified scenario. In this way, the history review is referenced 
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here for what might turn out in reality. If the modal split trend holds in the future, the train 
share might increase more than 6.4%. Thereafter the HST (and HSR) introduction might be 
appreciated in both higher share of travel market and respectable contribution to the 
environment issues.  

Secondly, the train is more preferred by female as model specification indicated, 
approximately halved train traveller is female. Correspondingly, the benefit might turn 
mostly to female traveller with service enhancement in HSR; so that the gender equity might 
be strengthened in this case. Moreover, we might expect HSR with economy, comfort and 
“safety feeling” would stimulate higher ridership from female.  

What need to be mentioned lastly is that more sophisticated scenario (such as considering 
the free up capacity for existing rail) and cost benefit analysis (CBA) is regarded beyond the 
scope of this study, and it is expected to be applied in the following research.  
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CHAPTER 5 CONCLUSION DISCUSSION

5.1 Conclusion

General Summary

Based on practically model development and theoretically literature reference, the thesis 
project has mainly fulfilled the missions to 

   1) Forecast the demand share for business trip carried by high speed train (HST) that 
connect major counties in Sweden, by the tailor-made MNL and NL model combining 
mode and destination choice.  

   2) Combine the revealed preference (RP) with constraint of stated preference (SP) 
information, based on which the recommended model is capable with considerable 
variance for non-existent mode (HST) and the reliability for current modes.  

   3) The multi-dimensional choice model is refined by Box-Cox (BC) transformation of 
generalized cost and other data techniques such as data segmentation with trip 
purpose. All the data techniques we employed result in the final model with powerful 
explanatory ability and credible scenario analysis with the HST (and HSR) introduction 
plan.   

HSR in Business Travel Market

Speaking of business travellers, this group can generally be divided into two subgroups 
according to travel purpose: commuter trip makers and business trip makers. Yet the 
homogeneity is found in an interlaced manner, the majority of properties are shared by two 
groups, together with subgroup-specified attributes that only could be verified as significant 
in either of the groups. The data segmentation with regard of trip purpose is applied to 
address this issue.  

Besides interlaced homogeneity, the nonlinear transformation, or explicitly, the diminishing 
rate of growth is proved to better capture the observation data. The box-cox transformation 
of train in-vehicle time (rather than other variables such as travel cost) in the initiate MNL 
model has been verified, indicating great and varying sensitivity to travel time in business 
trips.   Successively,  the  generalized  cost  constrained  by  value  of  time  from  SP  study  was  
formulated, and improved the model with sufficient variability which is inherent in SP data. 
Finally the BC transformation of GC associates the final MNL model with extra flexibility of 
modelling various effects at different attribute levels, and the explanatory power is 
promoted by model refinement on the ground of validation at last. Without loss of 
generality, the model would be further adjusted say constrained by updated VoT and/or 
county redefinition, destination re-stratification etc. Ultimately, the adjusted model is being 
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transferred to other regions sharing similar business travel pattern and analogical HST 
scenario.  

On the ground of model output, high speed trains have proved to possess great market 
competitiveness. A main finding derived from the recommended model implicates the 
contribution of speed upgrading to both higher ridership and social and environment 
enhancement. Among other effects, the accessibility, mobility and gender equity tested to 
be better off with HSR introduction.  

Another clear conclusion is that high speed train is the most competitive alternative in 
relatively long distance trip, yet the utility associated with identical speed increment might 
be diminished with the prolongation of the total travel time, which is inferred by the proper 
fraction (e.g. 0.385 for GC in train) as justified as BC transformation parameters. Practically, 
the HSR planed between main county pairs (explicitly, Stockholm-Gothenburg, Stockholm-
Malmö and Gothenburg-Malmö) is quite suitable for HSR introduction from trip length aspect. 
Among them, the capital city Stockholm is verified to have higher attraction as a destination 
choice,  which  might  also  implicate  higher  priority  for  HSR  realization  here.  The  other  two  
primary counties turns out equally attractive, regarded as the second destinations of 
interest for business trips. 

5.2 Discussion

First of all, the model is recommended for its powerful explanatory capability about the 
reality reflected by the collected data. But it is good to keep in mind the following points: 

 Data:  RP data is the main database for model estimation, except for VoT constraints 
derived from SP study. Therefore the model is realistically scaled but with relatively less 
variations.  It  is  also  interesting  to  examine  how  to  combine  RP  with  SP  data  with  
appropriate proportion, for model capacity enhancement to predict the new mode 
such as HST. 

 Model: The recommended model would be treated as the base model for further 
research. Other model formations may be formulated by differing assumptions and 
applied in other contexts. For instance, the mixed logit model (ML) that appreciates 
random taste variation may be further developed to examine the heterogeneity among 
populations. On a second thought, every model member is with its own features, and 
the best model might be somehow economically unfeasible.  

 Prediction: The model is established on the basis of current data collection and 
transportation techniques, implying that the prediction ability for long-term project 
such as HSR in 2050 might be questioned. More practically, the model is recommended 
to offer a basis for future modification and application. 

 Others:  The  modelling  practice  is  the  work  of  science  and  art.  Besides  the  modal  fit  
aspect, we may also propose other criteria to appreciate or criticize the model. Among 
other criteria, the simplicity or self-explanation ability is often mentioned. So that we 
might further purify and integrate the information we have at hand, with essence 
capture ability the model is expected to be more flexible and transferable. 
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5.3 Further Research

HSR has turned out as big success in Europe and Asia, with competitive speed advantage 
especially attractive for time-sensitive business sector. Since it is an international issue, the 
discussion is  expected to  be extended to  other  countries  as  well,  such as  the comparison 
with other Scandinavian country or Asian country such as China. But before a credible 
comparison and discussion, model estimation with advanced techniques and appropriate 
structure trials has to be tested and judged with modelling expertise at the same time.  
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Appendix I: Variable Definition 

Table 1 Variable interpretation in initiate model (see 4.1 in the text) 

Variable Definition 

AFR Air fare in SEK. 10SEK=1Euro 

AgeD Age dummy: 1 if the trip maker older than 60. (ALDER in chapter 3) 

AI Air in-vehicle time, in minutes 

ANbFw Air unproductive time = Number of boarding * First waiting time 

ASCA Car specific constant 

ASCB Bus specific constant 

ASCC Car specific constant 

ASCT Train specific constant 

BFR Bus fare in SEK 

BI Bus in-vehicle time in minutes 

Car Cost Car distance multiplied by the product of fuel cost and fuel economy: 

distance*1.8 

Car Cost 

Individual 

Car cost/Party Size 

CarN Car number in household 

Car Time Car travel time in minutes 

CFare Same as Car Cost 

Gender Gender indicator if the survey respondent if female 

Income Individual income annually in SEK 

Lic License dummy: yes 1, no 0. 

LLD Long distance dummy, indicating trip with tour length more than 800km in the 

recommended model 

MLD Medium distance dummy: 1 for the distance between 500 and 700 km. 

Occ Occupation dummy: 1 for student/retiree/the un-employed. (UP_FORV in raw 

data, likewise for Ocpc.) 

Ocpc Occupation dummy: 1 if the respondent is self-employed or full-time 

employee,0 otherwise 

Psa Party size dummy: 1 if the Psize=1 or 3, otherwise 0.  

Psb Party size dummy: 1 if the Psize<=8,  

SLD Short distance dummy: 1 if the tour length < 150 km 

Sta Status in household, either 1 for head(with more than half income contribution) 

or 0 for spouse (with less or equal than half income contribution) 

TFR Train fare in SEK 

TI Train in-vehicle time 

TNbAc Unproductive time for train: number of boarding multiplies access time 

Note: The row filled in grey is originally confounded from RP data. 

  



Appendix 

ii 

Table 2 Variable interpretation for the recommended model 

Variable Definition 

ASCA Car specific constant 

ASCB Bus specific constant 

ASCC Car specific constant 

ASCT Train specific constant 

CarN Car number in household 

GCA Generalized cost for air: air fare plus monetary in-vehicle time(VoT * in-vehicle 

time) 

GCB GCA bus version 

GCC GCA car version 

GCT GCT train version 

GenC Female dummy in car 

GenT Female dummy in train 

GotD Gothenburg dummy: 1 for Gothenburg, 0 for other county 

IncTB Individual income annually in SEK, only enters in bus and train 

License License dummy: yes 1, no 0. 

LLD Long distance dummy, indicating trip with tour length more than 800km in the 

recommended model 

MalD Malmo dummy: : 1 for Malmo, 0 for other county 

MLD Medium distance dummy: 1 for the distance between 500 and 700 km. 

Psb Party size dummy: 1 if the Psize<=8,  

Size_WP Size variable consists of number of work places 

SLD Short distance dummy: 1 if the tour length < 150 km 

StaB Head dummy in bus alternative 

StaC Head dummy in car alternative 

StoD Stockholm dummy: 1 for Stockholm, 0 for other county 

TBA Unproductive time for train: number of boarding multiplies access time 

Note: The row filled in grey is the variable for nonlinear transformation and/or associated with 

destination choice. 
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Appendix II Summary of Modal Fit 

# of observation=3638, excluded mode: mode 7 and the combination 

Table 3 Model estimation on Biogeme 

Time Model Features Adjusted  

Mar.15 

1. General coefficient for in-vehicle time across all modes 

2. General coefficient for travel cost except car 

3. Travel cost represented by car distance 

4.  Panel effect 

0.562 

Mar.30 

1. General coefficient for in-vehicle time across modes 

2. Specific coefficient for travel cost 

3. Unproductive time for Air & Train 

4. Discrete party size dummy for Air, Bus & Car 

5. Tour distance range dummy for Air, Bus & Train 

6.  Panel effect can rise the to 0.6 but with couples of 

insignificant coefficient, so not recommended from then on. 

0.429 

Apr.15 

1. Take socio-economic variable into account 

2.  Confound of s-e variable such as head in family dummy, 

also might be interpreted as business status 

3. Alternative-specific coefficient for in-vehicle time 

4.  General coefficient for travel cost across all the modes 

0.480 

Apr.30 

Data segment with trip purpose: commuter and other 

business trip: 

Commuter group: 

1. Unproductive time for Air 

2. Status in family dummy for Car 

3. Income for Bus & Train 

Other business group: 

1. long trip length dummy for Air 

2. Party size dummy for Air 

3. Medium length dummy for Train 

4. Status in family dummy for Bus 

Nonlinear transformation of in-vehicle time for Train 

0.471 

May 10 

Nested Logit model with 2 destinations 

Nonlinear transformation for size variable (number of work 

places): The transformation parameter for car is insignificant 

from 0, thus all the size variables is natural logarithmic 

according to guideline. 

0.589 

May 25 

Nested Logit model with 13 stratified destinations 

1. Natural logarithm of work places as size variable, the 

associated coefficient is constrained to 1 

2. The correct factor for size variable (defined as minus the 

natural logarithm of zone selection probability) is adding and 

the coefficient is constrained to 1. 

0.526 

Note: the nested logit estimation is only obtained with approximated convergence in Biogeme. 
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Table 4 Model estimation on Alogit & Biogeme 

Time Model Features Adjusted 

 

Jun. 8 Successive to model in May 25, but with 21 stratified destination 

nests: 

1. Grid Search for transformation parameter in both estimation 

software package. 

2. Significant log-sum parameter 

3. Test of size variable combination, only work place functioning. 

0.498 

Jun. 15 Introduction of quality size variable: county dummy for 

destination choice; 

1. Stockholm, Gothenburg and Malmö dummy with specific 

coefficients for all the alternatives, the rest county is 0 for 

identification. 

2. NL model collapse to MNL model because of insignificant 

log-sum parameter and better modal fit 

0.507 

Jun.20 Generalized cost based on VoT constraint from stated choice 

study: 

1. VoT findings for Air & Train from SC 

2. For Bus & Car, the average of Air & Train is used. 

3. BC transformation of GC, all the modes except Air is testified 

as significantly nonlinear in GC variable. 

0.517 

Jun.25 Model refinement 

1. Female dummy added into Car & Train with distinct 

coefficient; gender dummy is removed from Bus. 

2. Long distance dummy is modified to >800 instead of >500 km 

for Air; for Train, distance dummy is [150,400] instead of [500, 

700]. 

0.527 

Note: The modal fit in terms of adjusted is complicated to improve dramatically, due to large 

initial log-likelihood for 4*21 alternatives. The final one is the MNL model that applied for policy 

scenario analysis. 


