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Abstract 

 

The travel behavior of employee has analyzed as a way of helping organizations 

create conditions for sustainable travel. It focuses on company travel planning 

and employee-based trip, where travel behavior modelling proved to be a 

significant tool for employee preferences. This thesis aimed to explore the 

commute and work-related trip patterns to help identify the trip reduction 

strategy that has the most potential to minimize travel emission and energy 

use. Travel demand model with different combination of the essential variables 

establish mainly for the work-related trips and employee commute trips in 

Sweden. The method that use in this thesis could be very practical for travel 

demand evaluation in other countries with different conditions.   
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CHAPTER 1: INTRODUCTION 

 

1.1 BACKGROUND 

From a company perspective, employee travel plans are effective 

proceedings to mitigate the associated peak-hour congestions and 

emissions, furthermore to reduce car-based travel to work (Coleman 

2000). From this standpoint, sustainable urban transport strategies in 

general and the commute and work-related trip in particular explore in 

this thesis; in order to estimate travel behavior patterns of employee in 

Sweden.  

Air pollutions and traffic congestions are the most commonly recognized 

effects of employee-based trips. There are also other negative 

consequences associated with car dependence trips, such as consuming 

valuable resources, requiring parking spaces and road infrastructures, 

etc. The main goal of trip reduction policy is to mitigate these negative 

consequences by reducing number of trips made by individual employee 

(Zhou, Su et al. 2009). 

CERO (Climate and Economic Research in Organizations) is a model 

framework that developed to assistance companies, municipalities, and 

organizations to achieve travel climate targets in line with employee 

acceptance in companies and reduce the total transport demand of their 

activities; both in terms of work related trips and employee-commute 

trips. Through a series of implementations with city and county 

government agencies, as well as some small and medium sized private 

organizations, a CERO-dataset has been collected to represent today’s 

travel behavior of employees (Robért 2007). CERO analysis provides a 

foundation for decision making in the organization. A fundamental step in 

CERO analysis is to transform emissions into the actual number of 

employees, potentially choosing more resource efficient travel 

alternatives (Robért 2009).  
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The variables of interest collected from a CERO-dataset that is 

accomplished by number of data techniques such as excluding outliers 

and integrating data, etc. The key purpose of surveying travelers’ choice 

of travel mode in CERO is to quantify behaviorally meaningful 

relationships between the transportation mode share and a set of 

explanatory variables.  

Over 50 major organizations launched CERO processes (Ericsson, 

Microsoft, IBM, Atea, Oracle, Swedbank, Posten, TeliaSonera, Apoteket, 

Vattenfall, LFV, and SLL, 28 municipalities, and 6 counties) in Sweden. All 

municipalities that made the follow up have reduced their emissions by 4-

18% (Robért 2014). 

In this thesis, the relationships between different explanatory variables 

and mode share estimate for a travel demand model. Furthermore, for all 

transportation alternative modes, revealed preference survey have 

conducted to extend the information on trip makers. 

As a part of CERO, the first version of simulator tool developed as a SIM-

CERO through a comprehensive research project to support future CERO 

processes. The aim for this simulator is to help achieve a better benefit 

assessment of initiating sustainable travel planning in organizations and 

in society, based on actual empirical evidences in Sweden. (Figure 1) 
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Figure 1: The first version of SIM-CERO example (Robért 2014) 

 

1.2 PROBLEM DESCRIPTION 

The primary issue is to explore the relevant factors that might account for 

disaggregate work-related and commute trips. Actually, these factors 

consist of mode properties, trip characteristics, and individual socio-

economic variables.  

In current version of SIM-CERO model, only one transportation attribute 

(Travel distance) considered as an explanatory variable. However, 

various socio-economic variables and trip characteristics might influence 

the choice probability of mode share. The choice probabilities can 

ultimately use to derive likely mode shares over the total population, as 

dependent on the individual’s perception of the attributes. The innovation 

of this study intends to address those effective parameters. In other 

words, the proposed model attempts to develop the current version of 

SIM-CERO model and will recognize as best-fit model. 
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1.3 THESIS ORGANIZATION  

This thesis structure as follows. Chapter 2 represents overview of the 

literature on the concept of employee-based trip reduction and approach 

to the problem. 

Chapter 3 interprets the data in CERO-dataset and different variables and 

parameters. Then, methodology for choosing the proposed model explain 

in continue of this section.  

In chapter 4, the final results of running the model based on different 

approaches are represented and explained in different steps in order to 

choose the best-fit model with CERO-dataset and illustrate the 

development of CERO model.  

Finally, chapter 5 discuss about the conclusion and findings in the 

previous chapters; then an outline on the possibilities for the further 

researches and limitations are given in continue of this section. 
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CHAPTER 2: OVERVIEW OF THE LITERATURE  

 

2.1 EMPLOYEE-BASED TRIP REDUCTION STRATEGY 

Company travel plans as a traffic planning strategy is included a massive 

challenge to future traffic planners and decision makers. This may consist 

of substantial external profits and socio-economic investments for society 

in terms of reduced pollution, noise, traffic volumes and congestion 

(Robért 2003). Reducing private car for commuter and work-related trips 

by 10% in Stockholm until 2030 are revealed by empirical examples of a 

transport modeling (Robèrt and Jonsson 2006).  

In order to reduce trip for refining negative consequences of 

transportation, the most practical place to affect behavior is at the work 

site. Employers play a critical role in many effective transportation 

programs. They can provide opportunities for their employees to escape a 

congested travel through options for instance  alternative work schedules 

or telecommuting from home or place closer to their home place 

(TheMunicipalResearchandServicesCenter 2014). 

Consequently, finding alternatives to this type of motivation through 

company travel plans believe to be essential for the development of more 

energy efficient and cost effective travel in the future (Rye 1999, Coleman 

2000). Because a large proportion of the transport requirement is 

represented by employee travel especially during peak-hours, some 

companies have taken their own initiatives by launching various 

commuting programs and company travel plans (Litman 2007). Rye 

(1999) argued in his paper that the certain elements require different 

levels of resourcing for successful implementation, such as subsidies for 

public transport use, or charging for car parking at work (Rye 1999). 

Correspondingly, the literature shows that different elements will be 

more or less suitable in specific contexts depending on a number of 

factors such as employee location and type of personnel (Rye 1999).  
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As a part of everyday working life, relations between an employer and an 

employee illustrate a complex process in organizational decision-making. 

(Brewer and Hensher 2000) As far as is known, any determination to 

model the choices of employers and employees with respect to the nature 

of work activity and resulting implications for travel behavior, have 

treated each employee as an exclusive individual in the decision making 

sequence.  

 

2.2 TRAVEL BEHAVIOR OF CHOICE MAKERS 

Certain lifestyles and attitudes have important impacts on travel behavior 

according to various studies (Anable 2005, Schwanen and Mokhtarian 

2005, Schwanen and Mokhtarian 2005). Certain lifestyles have a 

relationship with the mode choice of commute and work-related trips. In 

addition, attitudes toward transportation modes influence the travel 

mode choice; a positive attitude toward a certain mode of transportation 

will result in a higher use of that specific transportation mode (De Vos, 

Derudder et al. 2012).  

A compact urban structure allows the employees to make short trips due 

to the vicinity of residential area to the work place. As a consequence of 

the short distances, a reasonably large proportion of the trips may be 

undertaken by non-motorized transport modes (i.e. by bicycle or walking) 

(Scheiner 2010).  

Transport planners commonly assume that walking is the fastest travel 

mode for distances under one km (short distance), bicycle for distances 

between one and 6 km (short distance), and car for distances over 6 km 

(long  distance) (Scheiner 2010). According to the various publications, 

what establishes medium and longer distance travel is usually distinction 

based on the minimum physical distance threshold. There is a standard 

definition of such travel as can be seen from the existing thresholds 

employed in Travel Surveys in European countries to restrict long-

distance trips: 100 km for Sweden (Swedish Institute for Transport and 
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Communications Analysis 2005), Norway (Vågane, Brechan et al. 2009) , 

and the European long-distance travel mobility survey (Limtanakool, Dijst 

et al. 2006). 

Travel behaviors influenced not only by the transportation attribute, such 

as distance and time, but also by the other factors such as age, gender, and 

commute cost. The effects differ from different areas and under various 

circumstances. The number of studies dealing with medium and longer 

distance trips suggests that socio-economic factors also might play a 

significant part in the choice of transportation modes for commute and 

work-related trips (Limtanakool, Dijst et al. 2006); for instance, age 

affects mode choice. As people grow older, they temporary trips by bus 

for medium and longer distance private car journeys (Limtanakool, Dijst 

et al. 2006). 
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CHAPTER 3: METHODOLOGY 

 

3.1 DATA USED 

CERO-dataset collected by using RP surveys from more than 150 000 

employees in Over 50 major organizations and municipalities in Sweden. 

Based on original database, CERO-dataset includes 114 different types of 

variables for 71432 observations that are collected in two seasons: 

(Robért 2007, Robért 2014) 

 1 week in the summer half-year (April - September) 

 1 week in the winter half-year (October - March) 

The RP data for work-related and employee commute trips are 

transportation alternative mode choices for motorized and non-

motorized alternatives, and transportation attributes. Car, Passenger, 

Transit, LDB, LDT, MC moped, Park & Ride and Other mode choices 

categorize as motorized alternative and Walk and Bicycle are in non-

motorized modes (Robért 2009). Each observation contains socio-

economic characteristics, mode specific variables, trip characteristics, and 

demographic statistics for sampling counties, private companies, and 

municipalities in different sizes. CERO-dataset includes following 

variables that most of them are numeric: 

1. Transportation attributes, 

 Travel time (in Minutes) 

 Travel distance (in Kilometer) 

 Day 

2. Ten different transportation alternative mode choices (motorized 

and non-motorized), 

3. Other variables those are included socio-economic characteristics 

of respondents.  
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The variables for Day, Travel distance (km), and Travel time (min) per 

transportation mode represent the total amounts of commuting time, 

distance and number of trips reported by each employee for the study 

days. Therefore, if an employee commuted only by car, then the data will 

show the number of car trips, the total distance by car, and the total time 

by car over the study period; but it will show zeroes for all other modes. 

This does not mean that the hypothetical distances or travel times by 

other modes are zero, only that no distance (or time) was actually 

undertaken by the employee. Thus in order to get average time and 

distance per trip for each alternative mode choice, the Travel time and 

distance are normalized by number of trips. 

Characteristics of transportation alternative modes are also used to 

represent the improvement of infrastructures and predict employee’s 

response. These variables consider as the essential variables for travel 

demand model, and rests of the variables are the socio-economic 

characteristics of respondents.  

With the intention of finding criteria that can influence a change in travel 

behavior on the way to reduce car dependency, and to estimate likelihood 

of switching to other alternative transportation modes, parameters can be 

characterized to be more correlated with everyday drivers (road users) 

than to other types of road users (Robért 2007).  

 

3.1.1 PREPARING CERO-DATASET 

Analysis of data is a process of reviewing, transforming, and modeling 

data with the objective of realizing useful information and supporting 

decision-making. Data analysis follows different approaches. In this case, 

for disaggregate CERO-dataset a number of processing steps are done to 

get a clear and practical dataset that can use as a data-frame for proposed 

travel demand model. Following processing steps are some of them:  

 Take out all rows with missing values (NAs) 



 

10 
 

 Trim extreme values for two original attributes, travel distance 

(km) and travel time (min) 

 Aggregate data to get a combination of  attributes for travel 

alternatives 

After doing all these processes, a new data-frame is created that will be as 

an input for proposed travel demand model. It is good to mention that the 

final CERO data-frame just keeps some of the organizations, counties and 

municipalities, since data for rest of them are not available.  

 

3.1.2 SUMMARY STATISTICS 

The summary statistics presents common characteristics for key variables 

in travel demand model for work-related and commuter trips.  

Table 1-1 presents summary statistics (numerical summaries) of socio-

economic variables and transportation attributes. Each variable described 

by possible values in Table A-1 in appendix. As an example, assuming the 

age is normally distributed with 3.18 as mean and 1.096 as standard 

deviation, then most of the trip makers are in-between 2.84(mean minus 

std. dev.) to 4.28 level of age (mean plus std. dev.), that is approximately 

between 35 to 55 years old . In addition, if we do same procedure for 

Travel time we can find the approximate commute time that is between 

0.5 to 30 minutes.   

Table 1-1: Summary statistic of key variables 

 
nbr.val1 nbr.null2 nbr.na3 min max mean std.dev 

Access-PT 62318 0 4947 1 6 3.371 1.603 

Commute cost 59550 10424 7715 0 30840 850.830 1142.37 

Age 64689 0 2576 1 5 3.177 1.097 

Travel distance in  67265 2180 0 0 85 8.454 12.108 

Travel time in  67265 2043 0 0 90 15.219 14.872 

 

                                                        
1The number of values  

2 The number of null value 

3 The number of not available value 
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3.1.3 THE PROCESS OF IDENTIFYING AND CHOOSING THE KEY VARIABLES 

The most important consideration when selecting a variable is its 

theoretical relevance and the statistical test. Base on this standpoint, the 

right variables select from CERO-dataset to model the travel behavior of 

employees. In this case, Travel distance and time choose as transportation 

attributes; and for choosing socio-economic variables there are many 

options. I try to test theoretically and statistically different combinations 

of these variables to find which one might be important and suitable for 

estimating travel behavior of employees. Among all socio-economic 

variables in CERO-dataset, following variables choose: 

 Age of employee 

 Commute cost 

 Accessibility to public transport  

In theories of travel behavior, these variables recognize as an important 

factors. For instance, commute costs normally consist of a distance 

dependent part. For car drivers, it relates to the cost of repairs, 

maintenance, and the fuel costs. In many applied cases of transportation 

research, the commute costs are not recognized clearly.  

I also do check the correlation between Travel time and distance. The risk 

was that by including both Travel distance and time in the travel demand 

model, and then these would be highly correlated, since travel time tends 

to increase with travel distance. 

 

3.2 METHOD 

The analysis of travel behavior is typically disaggregated, meaning that 

the models represent the choice behavior of individual travelers. Discrete 

choice analysis is the methodology used to analyze and predict travel 

decisions. In fact, these methodology is designed for the analysis of the 

choice between discrete alternatives, where the choice probability of an 

alternative is a function of the relative utility of that alternative 
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(compared to that of all other available alternatives), calculated as a 

function of the attributes of the alternatives and the tastes of the decision-

maker. For various reasons, including modelling uncertainty and the 

presence of non-measurable attributes, only part of an alternative’s utility 

is observed, and the distributional assumptions regarding the unobserved 

part determine the structure and behavior of the resulting model (Train 

2003). Utility is an indicator of value for an individual. The decision 

maker usually derives discrete choice models under an assumption of 

utility-maximizing behavior. The utility maximization rule states that an 

individual will select the alternative from his/her set of available 

alternatives that maximizes his/her utility. Further, the utility function 

can be seen as simply describing the relation of explanatory variables to 

the outcome of a choice probability, without reference to exactly how the 

choice is made (Train 2003).  

The set of general assumptions present the framework for discrete choice 

models based on CERO-dataset. It categorized as following: 

 

1. Decision maker: Individuals make a choice from a set of alternatives 

available to them. Since a discrete choice method is referred to, as 

disaggregate analysis, meaning that the decision-maker is assumed an 

individual (Ben-akiva and Bierlaire 1999). The “individual” decision 

maker in this case is an individual employee from the specific 

organization.  

2. Alternatives: According to this argument, a discrete choice model has 

to have a finite number of alternatives, ten transportation alternative 

mode choices introduced in CERO-dataset; namely Car, Transit, LDB 

etc.  

3. Attributes of Alternatives: Each alternative in the choice set of 

CERO-dataset is characterized by a set of attributes which is travel 

time in minutes, day and travel distance in kilometers. These 
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attributes may be generic to all alternatives that mean they apply to 

alternative equally.  

 

3.2.1 MODEL SPECIFICATION AND ESTIMATION 

The MNL model is derived from the assumption that 𝜀𝑛𝑖 the error terms of 

the utility functions is independently identically distributed (i.i.d) extreme 

value for all i. The critical part of the assumption is that the unobserved 

factors are uncorrelated over alternatives, as well as having the same 

variance for all alternatives. This assumption, while restrictive, provides a 

very appropriate form for the choice probability (Train 2003). 

The MNL model lead to the mathematical structure gives the choice 

probabilities of each alternative as a function of the systematic portion of 

the utility of all the alternatives (𝑈𝑖) (Ben-akiva and Bierlaire 1999). The 

general illustration for the probability of choosing an alternative i from a 

set of J alternatives is:  

 

Pr(𝑖) =  
exp (𝑈𝑖)

∑ exp(𝑈𝑖)
𝐽
𝑗=1

 (𝑖 =  1, 2, … , 𝐽)  

 

The log-likelihood function with the choice probability is globally concave 

in parameters β, which helps in the numerical maximization procedures.  

They also mention that this property of the maximum likelihood 

estimator for the logit model takes a special meaning for the alternative-

specific constants, since an alternative-specific constant is the coefficient 

of a dummy variable that identifies an alternative (McFadden 1974, Train 

2003). 

A sample of N decision makers is obtained for the purposes of estimation. 

The probability of person n choosing the alternative that he was actually 

observed to choose can be expressed as: (McFadden 1974)  
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∏(𝑃𝑛𝑖)
𝑦𝑛𝑖

𝑖

 

Where 𝑦𝑛𝑖 = 1 if person n chose i and zero otherwise. Since 𝑦𝑛𝑖 = 0 for all 

non-chosen alternatives and 𝑃𝑛𝑖  raised to the power of zero is 1, this term 

is simply the probability of the chosen alternative. 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: 

𝐿(𝛽) =  ∏ ∏(𝑃𝑛𝑖)𝑦𝑛𝑖

𝑖

𝑛

𝑘=1

 

Where estimated coefficient (β) is a vector containing the parameters of 

model (McFadden 1974). The log-likelihood function is then: 

𝐿𝐿(𝛽) =  ∑ ∑ 𝑦𝑛𝑖𝑙𝑛(𝑃𝑛𝑖)

𝑖

𝑛

𝑖=0

 

And the estimator is the value of β that maximizes this function 

(McFadden 1974). 

 

3.2.2 ELASTICITY OF CHOICE PROBABILITIES 

Choice probabilities are a function of observed variables, it is useful to 

know the extent to which these probabilities change with respect to one 

percent change in the value of an attribute (Train 2003). Elasticity is a 

commonly used tool to examine the sensitivity of demand for changes in a 

choice alternative.   

 

𝐸𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 =  
Percentage Change in Choice Probability

Percentage Change in the value of an attribute.
 

 

The essential characteristic of a direct elasticity is the response in an 

alternative’s probability due to a change in a characteristic of that same 

alternative: 
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𝐷𝑖𝑟𝑒𝑐𝑡 𝐸𝑙𝑎𝑠𝑡𝑖𝑠𝑖𝑡𝑦 = (
𝜕𝑃𝑖

𝜕𝑋𝑖𝑘
) ∗ (

𝑋𝑖𝑘

𝑃𝑖
) =  𝛽𝑘 ∗ 𝑃𝑖 ∗ (1 − 𝑃𝑖) ∗ (

𝑋𝑖𝑘

𝑃𝑖
) 

𝐷𝐸 =  𝛽𝑘 ∗ 𝑋𝑖𝑘 ∗ (1 − 𝑃𝑖) 

 

𝛽𝑘 : Estimated coefficient for each alternative 

𝑋𝑖𝑘 : The attribute of each alternative 

𝑃𝑖  : Choice probability of alternative 

 

Thus, the direct elasticity is not only a function of the parameter values 

(estimated coefficients), for the attribute in the utility function, but it is 

also a function of the attribute level, at which the elasticity is being 

computed (Koppelman and Bhat 2006). Modeling travel behavior is a key 

aspect of demand analysis, where aggregate demand is the accumulation 

of individuals’ decisions. The most important travel decisions include 

choice of travel mode for a work trip from home to work place and vice 

versa (Ben-akiva and Bierlaire 1999). 

 

3.2.3 ESTIMATE MNL MODEL VIA MLOGIT PACKAGE  

The mlogit is a package of R which enables the estimation of the MNL 

models with individual and/or alternative specific variables (Croissant 

2013). I also apply this package with the aim of estimate the three MNL 

models by using different transportation alternative modes, 

transportation attributes (travel distance and travel time) and socio-

economic variable. The mlogit uses the standard formula data interface to 

describe the model. However, standard formulas are not very practical for 

such models. More precisely, while working with MNL models, one has to 

consider these kinds of attribute: 

 

1. The alternative specific constant (ASC): Alternative specific 

constant for an alternative captures the average effect of all factors 
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that are not included in the model. Adding this constant makes 

remaining error have zero mean (Train 2003).  

2. The alternative specific variables with a generic coefficient 

Transportation attributes 

3. The individual specific variables with an alternative specific 

coefficients  

Socio-economic characteristics of respondents 

 

3.2.4 MODEL DIAGNOSTICS  

 Goodness of fit 

Likelihood ratio index is a statistics, which is usually used with discrete 

choice model, and measures how well the model, with its estimated 

parameters 𝐿𝐿(𝛽), performs compared with a model which all of its 

parameters are zero. This index is called 𝜌  and defined as: 

 

𝜌 = 1 −
𝐿𝐿(𝛽)

𝐿𝐿(0)
             0 < 𝜌 < 1 

Where 𝐿𝐿(𝛽) is the value of the log-likelihood function at the estimated 

parameters and LL (0) is its value when all the parameters are zero. The 

lowest value ρ can take is zero since 𝐿𝐿(𝛽) can be at least equal to LL (0), 

and its highest value is when decision maker’s choice could be predicted 

perfectly. In this case, since the probability of observing the choices that 

were actually made is one, the likelihood function will be equal to one, 

and, since the log of one is zero, the log-likelihood function will be equal 

to zero. Finally, the ρ will be one. So, the range of ρ is between zero and 

1(Train 2003). Usually, the model with higher ρ fits the data better (Ben-

akiva and Bierlaire 1999). This saying is not valid when two models are 

estimated on samples that are not identical or with a different set of 

alternatives for any sampled decision maker and these models cannot be 

compared via their likelihood ration index (Train 2003).  
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 Hypothesis diagnosing  

One of the most common tests in statistics is the t-test, used to determine 

whether the means of two groups are equal to each other. The assumption 

for the test is that both groups are sampled from normal distributions 

with equal variances. The null hypothesis is that the two means are equal, 

and the alternative is that they are not. It is known that under the null 

hypothesis.  

Standard t-statistics are used to test hypotheses about each parameter in 

discrete choice model. The most common hypothesis is that the 

parameters are zero. Therefore, the t-value is defined as: 

𝑡𝑥 =
𝑋 ̅

𝜎𝑥/√𝑛
 

If the value of 𝑡𝑥exceeds the critical value for example 95% level of 

significance, then the null hypothesis is rejected. 
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CHAPTER 4: RESULTS  

 

In this section, the estimated results of travel demand models are 

presented. The highlighting point of this section is to know the value of 

parameters on a statistical ground, and to make a refined decision on 

corresponding signs and values. The demand model is a combination for 

which proper statistical theory and analytical practice are applied. The 

technical framework estimates by MNL model to find the best-fit model 

with CERO-dataset. 

To study the implications of different models, two other alternative travel 

demand models for mode share are estimated, using data collected in 

CERO on work-related and commute trips in Sweden. The logical 

motivation of choosing these two other models is explained by the 

hypothesis that mode share for Car should be increasing for long distance 

trips and decreasing for short distance trips. Because journey distance 

affects people's decisions on method of travel, two restrictions are 

assumed here for short-and long-distance. Journeys 6km or less (as short 

distance) are far more likely to be undertaken by sustainable modes 

(Walking, Cycling and public transport) than those over 6km (as long 

distance trips). Car, either as a driver or as a passenger, is the most 

popular travel mode for journeys over 6km; because of it, this mode is 

chosen as a reference level for CERO model.  

 

4.1 MODEL SPECIFICATION 

I tested a number of different models in order to derive the significance of 

the various attributes. I also considered three socio-economic variables to 

determine if these characteristics were significant different 

transportation alternative mode choices. 

 

 Model 1 (current version of SIM-CERO model) 
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The utility specification in Model 1 is formulated on travel distance (km) 

attribute. 

To estimate the logit model, it needs data on the attribute of all 

transportation alternatives and each variable takes a different value in 

each alternative. Dependent variable in Model 1 is mode share and 

independent variable for this case is Travel distance.  

 

Model 1 =  β0 +  β1 ∗ KM +  β2 ∗ KM2 

 

𝛽0 : The alternative specific constant 

β1 & β2: Estimated coefficients of travel distance for each 

specific alternative  

KM: Travel distance in kilometer  

 

The variable KM represents quantifiable attribute (Travel distance) 

associated with each alternative. The core of discrete choice analysis is to 

estimate the weighting parameters (βi). By collecting data from 

employees’ choices between the different feasible alternatives, the βi 

parameters can be estimated in the model. The βi parameters reflect the 

respondents’ perceived importance of each specific attribute. The term β0 

stands for the ‘alternative specific constant’, also termed the “intercept 

parameter”. This constant compensates the utility function for hidden 

attributes, not included in this model. 

 

 Model 2  

This model uses same data as Model 1. A new parameter introduces in 

this model as Speed (Travel distance divided by Travel time). By including 

both distance and time in this model, then these would be highly 

correlated (since travel time tends to increase with distance). In this case, 

we want to know the coefficient of Travel distance (km) and Travel time 

(minutes) in the logit model of mode shares as a dependent variable. 
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Travel distance (km), and Travel time (min) per transportation mode 

represent the total amounts of commuting time and distance. Thus, 

number of trips normalizes the Travel time and distance, in order to get 

average time and distance per trip for each alternative mode choice.  

 

Model 2 =  β0 +  β1 ∗ KM +  β2 ∗
KM

Minutes
 

𝛽0 : The alternative specific constant 

β1: Estimated coefficients of travel distance for each 

alternative 

β2: Estimated coefficients of travel distance/travel time 

(SPEED) for each specific alternative  

KM: Travel distance in kilometer  

Minutes: Travel time in minutes 

 

The variables KM and Minutes represent quantifiable attributes (Travel 

distance and Travel time) associated with each alternative. By collecting 

data from employees’ choices between the different feasible alternatives, 

the βi parameters can be estimated in the model. The βi parameters 

reflect the respondents’ perceived importance of each specific attribute. 

The term β0 stands for the ‘alternative specific constant’, also termed the 

“intercept parameter”. This constant compensates the utility function for 

hidden attributes, not included in this model. 

 

 Model 3  

The coefficient of Travel distance and three other independent variables 

(socio-economic characteristics) estimate for this travel demand model. 

Travel distance (km) per alternative mode represents the total amounts 

of commuting distance. Thus, number of trips normalizes the Travel 

distance, in order to get average distance per trip for each alternative 

mode. Three independent variables (Accessibility to public transport, 

Commute cost and Age of travelers) are considered in this models. 
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Model 3 =  β0 +  β1 ∗ KM +  β2 ∗ KM2 +  β3 ∗ age +  β4 ∗ cost +  β5

∗ access_PT 

 

𝛽0 : The alternative specific constant 

β1 & β2: Estimated coefficients of travel distance for each 

alternative 

β3: Estimated coefficients of age for each alternative 

β4: Estimated coefficients of cost for each alternative 

β5: Estimated coefficients of access to public transport for 

each alternative 

KM: Travel distance in kilometer with log scale 

age: Age of choice makers  

cost: The estimated commute cost in Swedish krone 

access_PT: accessibility to public transport for choice 

makers 

 

The variable KM represents quantifiable attribute (Travel distance) 

associated with each alternative. Accessibility to public transport, 

Commute cost and Age of travelers are three socio-economic 

characteristics of respondents.  The core of discrete choice analysis is to 

estimate the weighting parameters (βi). By collecting data from people’s 

choices between the different feasible alternatives, the βi parameters can 

be estimated in the model. The βi parameters reflect the respondents’ 

perceived importance of each specific attribute (transportation attributes 

and socio-economic attributes). The term β0 stands for the ‘alternative 

specific constant’, also termed the “intercept parameter”. This constant 

compensates the utility function for hidden attributes, not included in this 

model. 
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4.1.1 MODEL REFINEMENT  

In order to refine the models and obtain more accurate and sensible 

results, different approaches are suggested for CERO-dataset. As I 

mentioned before, data are collected in two different seasons. Whereas 

travel demands are very different in these two seasons, they may reflect 

on real travel behavior of choice makers. Another factor that can affect 

final model results is the city size. In current version of CERO model this 

factor are categorized in three groups (small, medium and large), 

however the actual city size (population) will help us to get more valid 

results. Furthermore, the resulting models might be useful for policy 

purposes, since it improves transport demand models and help to 

evaluate problems and potential solutions in trip reduction program.  

 

 Approach 1 

Here are two specifications of Approach 1: 

1. Data are available for both seasons at the same time (April and 

October) 

2. The city size (population of municipalities) is categorized in three 

group large, medium, and small. 

In this case, CERO-dataset includes all of the observations (employees). 

Under the first assumption that I named it Approach 1, three MNL models 

are estimated and evaluated.  

 Approach 2 

The new approach is named as Approach 2 with the following 

specifications: 

1. Evaluate CERO-dataset for each season (April and October) 

separately  

2. The city size (population) is changed into the actual size of the city. 

At the second assumption, three MNL models are estimated and evaluated 

by doing some modifications into Approach 1.  
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4.1.2 MODEL DIAGNOSTICS 

In this section goodness of fit and hypothesis testing are discussed in the 

context of logit models, where the log-likelihood function calculate. 

Impact of proposed models on employee-based trip reduction policy is 

the main hypothesis; along with evaluate which modes are more likely to 

be used via chosen employees and in which season most trips are done. 

The MNL model summaries are presented for each approach in Appendix. 

This allows us to quantify noticeably the advantages offered by the MNL 

model. There is sampling error associated with the model parameters 

because the model is estimated from only a sample of the relevant 

population.  

Sufficiently large absolute values of the t-statistic lead to the rejection of 

the null hypothesis that the parameter is equal to the hypothesized value. 

The default estimation output from mlogit packages includes the t-

statistic for the test of the hypothesis that the true value is zero; in other 

word, it does not influence on employee-based trip reduction. The 

rejection of this null hypothesis implies that corresponding variable has a 

significant impact on the modal utilities and suggests that the variable 

should be retained in the model. Low absolute values of the t-statistic 

imply that the variable does not contribute significantly to the 

explanatory variable of the model and it consider for exclusion. 

(Koppelman and Bhat 2006) 

 

1. Fitted model based on Approach 1 

As stated by the tables A-4, A-5, A-6 in Appendix , most of the estimated 

coefficient values are highly significant and have negative signs as 

expected, meaning that as the travel distance in base model rises (other 

parameters remain the same) the probability of that mode choice being 

chosen falls.  

Since the constant of Transit in Model 1, Transit and Cycle in Model 2, Cycle 

and Walk in Model 3 are not negative which mean if all other conditions are 
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the same for all of them, these modes are the preferred ones. Generally, in 

these three Models Cycle, walk and Transit are highly preferred choices and 

LDB and MC-moped are ranked at last. 

According to the Table 4-1 and by comparing Model 2 and 3 with the 

current version of CERO model, Model 3 might be the fitted model. In 

comparing two models estimated on the same data and with the same set 

of alternatives, it is usually valid to say that the model with the higher Rho 

square fits the data better. However, this is saying no more than that 

increasing the value of the log-likelihood function is preferable. Two 

models estimated on samples that are not identical or with a different set 

of alternatives for any sampled decision maker cannot be compared via 

their likelihood ratio index values (Train 2003). 

 

Table 4-1: statistical test result based on Approach 1 

 
Rho-square Log-Likelihood 

Model 1 0.0508 -225780 

Model 2 0.0865 -141850 

Model 3 0.2217 -120860 

 

2. Fitted model based on Approach 2 

Tables A-7, A-8, A-9 in Appendix include the estimated coefficients for 

April and October based on Approach 2. By comparing estimated 

coefficients in three different models in these two seasons, the same 

results as Approach 1 are produced for this case except one term.  For all 

models, most of the estimated coefficients are more significant in October 

than in April. The reason is that the three alternative modes Transit, 

Cycle, and Walk are the preferred ones in October for employees rather 

than private car. As I mentioned before in Approach 1, by comparing 

Model 2 and 3 with the current version of CERO model in both seasons, 

Model 3 with high Rho square and high value of the log-likelihood might 

be the fitted model with CERO-dataset. (Table 4-2) 
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Table 4-2: Statistical test in Approach 2 

 April October 

 
Rho-square Log-Likelihood Rho-square Log-Likelihood 

Model 1 0.076371 -73110 0.076985 -69843 

Model 2 0.088021 -72188 0.08667 -69110 

Model 3 0.20752 -62729 0.25108 -56669 

 

Model validation is an important step to check if the model fits the data 

well. The value of Rho square is an identifier of the model goodness of fit. 

However, a high Rho square doesn’t guarantee the model fits the data well 

(Train 2003). Inspection that is more detailed needs to be conducted. In 

this case, the model validation according to likelihood ratio test is 

evaluated.  

 

4.1.3 LIKELIHOOD RATIO TEST 

As with logit model, standard t-statistics are used to diagnose hypothesis 

about individual parameters in discrete choice models, such as whether 

the parameter is zero. For more complex hypothesis, a likelihood ratio 

test can nearly always be used. This test is applied for comparing the two 

models. Here the null-hypothesis is that the second model is the same as 

the first one, so the new variables’ parameters are assumed zero. The 

second model is developed significantly better than the first one. First 

model recognizes as a constrained model and the second model is known 

as an unconstrained model with extra variables. In this case, Model 1 is a 

constrained model and Model 3 is unconstrained models. The statistic test 

for null hypothesis is given by this formula: 

 

Likelihood Ratio Test =  −2 (LL1 − LL2) 

 

Which is distributed as Chi-square with df = 27 as a degree of freedom. In 

this case, the null hypothesis assumed to be rejected at α=0.05 risk level 

(χ2 = 40.113).  



 

26 
 

 

Table 4-3: Likelihood ratio test for Approach 1 

Likelihood Ratio Test (Model 1,Model 3) 

Model 1: mode ~ 0 | km + km2 | 0 

Model 3: mode ~ 0 | km + km2 + age + cost + access_PT| 0 

Model number DF LL DF Exceed form Chi-square Significant Code 

1 27 -143546 
   

3 54 -120858 27 45378  > 40.113 *** 

 

Table 04-4: Likelihood ratio test for Approach 2 -April 

Likelihood Ratio Test (Model 1,Model 3) 

Model 1: mode ~ 0 | km + km2 | 0 

Model 3: mode ~ 0 | km + km2 + age + cost + access_PT| 0 

Model number DF LL DF Exceed form Chi-square Significant Code 

1 27 -73110 
   

3 54 -62729 27 20763  > 40.113 *** 

 

Table 4-5: Likelihood ratio test for Approach 2-October 

Likelihood Ratio Test (Model 1,Model 3) 

Model 1: mode ~ 0 | km + km2 | 0 

Model 3: mode ~ 0 | km + km2 + age + cost + access_PT| 0 

Model number DF LL DF Exceed form Chi-square Significant Code 

1 27 -69843 
   

3 54 -56669 27 26347  > 40.113 *** 

 

The null-hypothesis is rejected at 0.05 risk level. Therefore, Model 3 

develops the CERO model significantly. The newly introduced socio-

economic variables (age, commute cost, and access PT) are statistically 

verified as important factors for these models. Thus, Model 3 is a best-

fitted model for the CERO-dataset. (Tables 4-3, 4-4, 4-5) 

 

4.2 SIMULATED CHOICE PROBABILITIES  

After testing number of models, we choose the one having the highest 

number of significant variables. Now, the choice probabilities need to be 

estimated for this model in each season, considering Approach 2. Since 
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there is combination of transport and socio-economic attributes in Model 

3, I assume socio-economic attributes in Model 3 keep as constant 

(constant is average values of socio-economic attributes). Then choice 

probabilities simulate for each transportation alternative mode. The 

results represent in figures below for Model 1 and 3 respectively in April 

and October, which horizontal axis represents Travel distance in 

kilometer (log scale) and vertical axis shows the choice probability for 

each model.  

In April and in Model 1 three alternative modes (Transit, Cycling, and Car) 

are the most popular for short distance (journeys 6km or less) trips. They 

take more than 25% of choice probability in this case. Also for long 

distance (Journeys over 6km) trips, Car with almost 55% of choice 

probability and Transit with almost 30% are the most likely mode 

alternatives (Figure 2). 

 

 

Figure 2: Choice probability for Model 1 in April 
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In April and in Model 3 Cycling with 60% and walk 15% of choice 

probability are the most popular for short distance trips. Also for long-

distance trips, Car with 70% of choice probability and LDB and passenger 

with almost 10% are the most likely mode alternatives. (Figure 3) 

 

 

Figure 3: Choice probability for Model 3 in April 
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Figure 4: Choice probability for Model 1 in October 

 

In October and in Model 3 Cycling with 55% of choice probability is the 
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Figure 5: Choice probability for Model 3 in October 
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positive relationships are between theses mode choice probabilities and 

travel distance for this case. (Table 4-6) 

 

Table 4-6: Direct elasticity of mode choice probability with respect to distance to work place in APR 

Ave-TD4 Cycling LDB LDT MC moped Other Park & Ride Passenger Transit Walk 

10.86 -2.14 1.43 0.003 -0.22 -2.2 -1.005 0.35 -1.84 -5.99 

 

For same conditions, direct elasticity estimates for mode choice 

probabilities with respect to average distance to work place in October. 

The results are almost similar. However, there is only one difference in 

value of MC moped mode. It has a large positive value. Table 4-7 shows 

the percentage change in the choice probability (MC moped) with respect 

to a one percent change in travel distance is highly positive.  

 

Table 4-7: Direct elasticity mode choice probability with respect to distance to work place in OCT 

Ave-TD Cycling LDB LDT MC moped Other Park & Ride Passenger Transit Walk 

10.86 -0.45 1.51 0.062 1.43 -1.92 -0.94 0.34 -1.91 -5.99 

 

Moreover, in both case as expected, the highest direct elasticity estimates 

for mode choice probability with respect to distance in Walk mode is a 

negative value and LDB is a positive value of elasticity.  

It means with 1% rise in average travel distance LDB demand would gain 

1.43% and -5.99% for Walk demand in April, and 1.51% for LDB and -

5.99% for Walk demand in October. 

  

                                                        
4 Average Travel distance  
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CHAPTER 5: CONCLUSION 

 

5.1 GENERAL CONCLUSIONS 

The general conclusion from this thesis is that more motivations and 

company policies may encourage a shift towards more efficient transport 

alternative modes. This can result in a significant effect on the employees’ 

travel behavior in terms of trip reduction strategies.  

Different type of variables change travel behavior of employee through 

different conditions. In this thesis, it was found that different age groups 

differ in transport mode choice and most of the choice makers were in age 

group (35-55). Generally, people in age group (35-55) tend to change less 

than other people do in age group (less than 35) when it comes to use 

public transport for long travel distance.  

The estimated results of Model 3 also demonstrate choosing proper 

transportation attributes in travel demand model might influence on 

choice probabilities of mode share. All alternative modes except LDB, 

Passenger, and LDT gave negative signs for Travel distance’s estimated 

coefficients in the best model, which are expected, since these alternative 

modes are designed to use for long distance trips. Moreover, high 

negative values of estimated coefficient for Travel distance are given to 

non-motorized in April, which are quite sensible for summer season when 

theses modes are highly preferable.  

According to the result section, some of the proposed hypotheses were 

not rejected. The main hypothesis, which stated that mode share for Car 

should increase for long distance trips and decrease for short distance 

trips, was not rejected by simulated choice probabilities. The best-fit 

model decreases the use of Car mode for short distance travel by 20% in 

October and by 10% in April.  
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5.2 POLICY IMPLICATIONS 

From a traffic planning perspective, focusing on the integrating company 

policy with respect to employees travel plans, as an effective traffic 

control measure is an essential development that needs to be considered. 

Sustainability projects could be merged with development and promotion 

of attractive IT-solutions in order to show effective examples of the use of 

company technology. The studies in this thesis identified some factors, 

which might be taken into consideration to distinguish different travel 

behavior in terms of trip reduction strategies. 

The location of choice maker was also found to be very important. The 

distribution of residence place and work place might be taken into 

account. The reason for this is that the mode choice can change the travel 

behavior of an individual, which in turn is affected by location of 

residence.  

The conclusions from this study cannot be applied for the same case in 

the future implementation in Sweden, since the dataset will be different. 

Nevertheless, it is important to note that the presented results are 

designed for a particular company located in Sweden.  

 

5.3 LIMITATION AND FUTURE RESEARCH 

There are some limitations in this thesis, which need further studies. First 

is the limitation of the statistical models used in this study. It is idealist to 

assume an individual as a sensible utility maximizer; and even if this is 

the case, we could not expect to capture all the essential elements of the 

individual’s perceived utility. The models here only serve as estimates of 

reality, and consequently, the results should not be interpreted as an 

absolute reality.  

Secondly, it could not be avoided in CERO-dataset that individuals might 

react differently at different seasons. The dataset could not represent the 

real change of lifestyle and behavioral factors in the long term. In 



 

34 
 

addition, the dataset simplifies the RP surveys results that contained 

more details, which are now omitted. These omitted details, can be useful 

for future studies. Although survey results were simplified, the 

conclusions of the estimated model can be still meaningful. 

Third is the variation between individuals. Though it was not possible to 

include some of the essential elements of the utility, the model for travel 

behavior of individuals might still have a certain meaning. However, the 

obtained results should be interpreted with restraint. For instance, even if 

the model does not manage to predict the exact influence of the attributes 

on the choice probability between the different alternatives, they could 

probably tell us something about the significance of the different 

attributes and factors.  To achieve the true policy, further research should 

be done in order to distinguish more factors in this thesis by considering 

all the possible limitations. 
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APPENDIX  

 

1. VARIABLE DECLARATIONS 

 

Table A-1: Declaration of tested variables from CERO questionnaire 

Label of variables Value labels 

Type of fuel "Petrol", "Diesel", "Biogas", "Ethanol", "Other" 

Parking Space 

“Yes, free of charge without own cost”, “ Yes, but taxed as a 

taxable benefit “, ” Yes, Toll staff parking “,  “ Yes, in another 

paid parking “,  “ No” 

Choose another form of transportation 

"Staff Bus”, “Improved Public Transport”, “Improved Bike 

Infrastructure", "Subside Public Transport ","Travel time as 

Working time", "Flexible working time ", "Bookable Cars", 

"Bookable Bikes", "Other", "Nothing" 

Business trip during the past 2 years "Yes", "No" 

Last business trip 
"Today","<=1 week. Ago","2-4 weeks. Ago", "1-3 Months. 

Ago", "4-6 Months. Ago","7-12 Months. Ago",">1 Year. Ago" 

Last business trip 

“Locally Within municipality”, “  Regionally within county “, 

“  Outside the county In Sweden “, “  Outside Sweden In 

Europe “, “  Outside Europe” 

Why did you take this business trip? 
"Internal meeting”, “External meeting”, 

“Conference/Seminar”, Other 

Main form of transportation on your last business 

trip 

“Private or company car" ,"Flight", "Share car" ,"MC/Moped", 

"Rental Car", "Bicycle", "Taxi", "El_Bike", "Public Transport" 

,"El_Scooter”, "LDT" ,"Walk", "LDB",  "Other" 

Could the business trip you describe have been 

replaced with a virtual meeting? 
"Yes, telephone conference or web meeting",  "No" 

Do you believe business travel can be more efficient 

using for example rideshare ordination of meeting 

times etc.? 

"Yes", "Doubtful", "No" 

Have the option of telecommuting 
"Never","1-2/year","1-2/quarter","1/month","2-

3/months","1/week","2/weeks",">2/weeks" 

The most important reason for your choice of 

transportation to and from 

"Work during trip", "Use car at work", "Health reasons", 

"Exercise", "Time savings", "Environment", "Economy", 

"Comfort", "Access to this transport", "Collect/be collected", 

"Flexibility", "Other" 

My employer's environmental goals "Strongly disagree", "Mildly disagree", "Neutral", "Mildly 
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agree", "Strongly agree", "No opinion" 

My employer's travel policies 
"Strongly disagree", "Mildly disagree", "Neutral", "Mildly 

agree" ,"Strongly agree", "No opinion" 

Gender "Male", "Female" 

Have a managerial role "Yes", "No" 

Sufficient exercise 
"No, not at all", "No, to a small degree", "Yes, to a large 

degree", "Yes, absolutely" 

The journey time-one way- door to door hours OR minutes 

Number of participation in video/web meeting 
 "Never",  "1-5 times" ,  "6-10 times" ,  "11-20 times" ,  "21 

times or more" 

Number of participation in telephone meeting 
 "Never",  "1-5 times" ,  "6-10 times" ,  "11-20 times" ,  "21 

times or more" 

Access to the public transport 
 1"Very bad" , 2"Bad" , 3 "Neither bad nor good" , 4"Good" ,  

5"Very good" , 6 "Have no opinion" 

Estimated cost for journey Cost in krone max 4 digits 

Age   "< 30" ,  "30-40" ,  "41-50" ,  "51-60" ,  "> 61" 

How many years you work 
 "< 1 year",  "1-5 years" , "6-10 years" ,  "11-16 years" ,  "> 16 

years"  

Having exercise per week 
 " Less than 1 day a week ",  "1 day per week",  "2-3 days per 

week" ,  "4-5 days per week" ,  "6-7days per week" 

Home postcode Write your home postcode 

 

 

Table A-2: Sampling municipality, company, and county that used in CERO-dataset 

Organization Names Type of Organizations 

ESKILSTUNA Municipality 

FALUN  Municipality 

GAVLE  Municipality 

HANINGE  Municipality 

HAPARAND  Municipality 

HUDDINGE  Municipality 

JARFALA  Municipality 

KALMAR  Municipality 

NACKA  Municipality 

NYKOPING  Municipality 

SALA  Municipality 

SIGTUNA  Municipality 
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SUNDBYBERY  Municipality 

SÖDERTÄLJE  Municipality 

TYRESÖ Municipality 

VÄSTERÅS  Municipality 

ÖREBRO  Municipality 

ÖSTERÅKE  Municipality 

JL  County 

KAROLINSKA  County 

KLL  County 

KRONOBERG  County 

SLL County 

ÖLL  County 

IT Stockholm  Private company 

SERVICE Malmo   Private company 

SERVICE Stockholm   Private company 

SERVICE Sweden   Private company 

SERVICE Orebro   Private company 

 

2. SUMMARY STATISTICS 

Table A-3: Summary statistic of transportation attributes 

 
nbr.val nbr.null nbr.na min max mean std.dev 

CardaysAPR 46500 11742 20765 0 7 2.939978 2.11353 

PassengerdaysAPR 25711 21640 41554 0 7 0.415853 1.119914 

Park&RidedaysAPR 22637 22043 44628 0 7 0.095198 0.630968 

TransitdaysAPR 30704 15609 36561 0 7 1.956488 2.225416 

LDTdaysAPR 22843 22060 44422 0 7 0.134833 0.764571 

LDBdaysAPR 23365 22690 43900 0 6 0.105756 0.665178 

MCmopeddaysAPR 23105 22534 44160 0 5 0.074876 0.528059 

CyclingdaysAPR 35669 17802 31596 0 7 1.91323 2.156166 

WalkdaysAPR 29262 20749 38003 0 7 1.085503 1.893224 

OtherdaysAPR 23026 22615 44239 0 7 0.052072 0.453461 

CarkmAPR 46404 11700 20861 0 450 13.51489 19.2124 

PassengerkmAPR 25691 21645 41574 0 650 2.600083 11.36937 

Park&RidekmAPR 22622 22044 44643 0 450 0.719954 6.588981 

TransitkmAPR 30649 15772 36616 0 600 8.505142 16.23559 

LDTkmAPR 22830 22058 44435 0 650 2.465318 20.78988 

LDBkmAPR 23353 22682 43912 0 660 1.030825 10.5723 

MCmopedkmAPR 23089 22521 44176 0 90 0.36238 3.130937 

CyclingkmAPR 35593 17875 31672 0 250 2.4168 4.497631 
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WalkkmAPR 29142 20866 38123 0 400 0.635895 2.87332 

OtherkmAPR 23008 22736 44257 0 9999 0.951241 72.32085 

CarminAPR 46471 11719 20794 0 4500 17.23765 30.44655 

PassengerminAPR 25697 21644 41568 0 240 3.168191 9.966774 

Park&RideminAPR 22624 22040 44641 0 480 1.379508 9.933215 

TransitminAPR 30688 15651 36577 0 900 21.07361 28.44729 

LDTminAPR 22831 22055 44434 0 400 2.370198 16.21124 

LDBminAPR 23354 22682 43911 0 300 1.44639 9.703742 

MCmopedminAPR 23090 22522 44175 0 120 0.493374 3.806504 

CyclingminAPR 35663 17849 31602 0 840 9.370706 15.59398 

WalkminAPR 29248 20757 38017 0 420 5.732153 12.94349 

OtherminAPR 23015 22735 44250 0 9999 0.848925 66.14485 

CardaysOCT 46473 11329 20792 0 7 3.018742 2.107156 

PassengerdaysOCT 25696 21456 41569 0 7 0.440886 1.154367 

Park&RidedaysOCT 22625 22014 44640 0 7 0.100199 0.650381 

TransitdaysOCT 30689 14761 36576 0 7 2.091922 2.248448 

LDTdaysOCT 22829 22042 44436 0 7 0.136099 0.768788 

LDBdaysOCT 23353 22679 43912 0 6 0.106068 0.666847 

MCmopeddaysOCT 23093 22759 44172 0 5 0.040575 0.380598 

CyclingdaysOCT 35632 20523 31633 0 7 1.607516 2.094268 

WalkdaysOCT 29247 20221 38018 0 7 1.154683 1.931043 

OtherdaysOCT 23004 22607 44261 0 7 0.051165 0.45119 

CarkmOCT 46411 11340 20854 0 710 13.58124 19.77521 

PassengerkmOCT 25692 21481 41573 0 650 2.634292 11.17391 

Park&RidekmOCT 22623 22028 44642 0 450 0.73 6.759091 

TransitkmOCT 30647 14950 36618 0 830 8.782132 17.14794 

LDTkmOCT 22827 22049 44438 0 650 2.481325 20.83469 

LDBkmOCT 23352 22683 43913 0 750 1.032261 10.82407 

MCmopedkmOCT 23090 22754 44175 0 65 0.15175 1.710333 

CyclingkmOCT 35621 20576 31644 0 250 1.843616 3.907121 

WalkkmOCT 29124 20351 38141 0 400 0.689979 3.05145 

OtherkmOCT 23004 22741 44261 0 4200 0.508275 29.74962 

CarminOCT 46479 11351 20786 0 3600 17.51153 28.43753 

PassengerminOCT 25698 21485 41567 0 9999 3.624368 63.14618 

Park&RideminOCT 22623 22023 44642 0 480 1.408301 10.06659 

TransitminOCT 30688 14815 36577 0 800 21.98367 29.0161 

LDTminOCT 22831 22051 44434 0 400 2.416451 16.43794 

LDBminOCT 23351 22681 43914 0 300 1.444563 9.704817 

MCmopedminOCT 23093 22758 44172 0 70 0.235742 2.296061 

CyclingminOCT 35651 20552 31614 0 840 7.174048 12.8378 

WalkminOCT 29250 20247 38015 0 450 6.219521 13.79151 

OtherminOCT 23012 22744 44253 0 300 0.420346 6.096635 
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3. MODEL ESTIMATIONS 

Table A-4: Summery result of Model 1 based on Approach 1 

  Estimated value Std. Error t-stat 
Significant. 
Codes  

Cycling:(intercept) -0.1796 0.0142 -12.6556 *** 

LDB:(intercept) -4.7607 0.0615 -77.4249 *** 

LDT:(intercept) -3.3536 0.0379 -88.5316 *** 

MCmoped:(intercept) -4.7724 0.0951 -50.1642 *** 

Other:(intercept) -3.3476 0.0514 -65.1323 *** 

Parkandride:(intercept) -2.9272 0.0359 -81.5022 *** 

Passenger:(intercept) -2.6286 0.0263 -99.8755 *** 

Transit:(intercept) 0.5014 0.0110 45.4764 *** 

Walk:(intercept) -0.3642 0.0207 -17.6115 *** 

Cycling:km -0.1557 0.0051 -30.3729 *** 

LDB:km 0.1299 0.0051 25.3832 *** 

LDT:km -0.0126 0.0048 -2.5984 ** 

MCmoped:km 0.0085 0.0282 0.2994 
 

Other:km -0.2160 0.0158 -13.6748 *** 

Parkandride:km -0.1075 0.0075 -14.3680 *** 

Passenger:km 0.0251 0.0035 7.2154 *** 

Transit:km -0.2289 0.0030 -75.2306 *** 

Walk:km -0.6709 0.0130 -51.7228 *** 

Cycling:km2 0.0005 0.0002 2.3097 * 

LDB:km2 -0.0015 0.0001 -16.5475 *** 

LDT:km2 0.0004 0.0001 4.7378 *** 

MCmoped:km2 -0.0024 0.0011 -2.1369 * 

Other:km2 0.0028 0.0002 13.5769 *** 

Parkandride:km2 0.0014 0.0001 11.7947 *** 

Passenger:km2 -0.0004 0.0001 -5.2062 *** 

Transit:km2 0.0028 0.0000 60.1197 *** 

Walk:km2 0.0079 0.0002 45.9271 *** 

Significant. Codes : 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Log-Likelihood -225780 
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McFadden Rho^2 0.05082 
   

 

Table A-5: Summery result of Model 2 based on Approach 1 

 
Estimated Value Std.Error t-stat. 

Significant. 
Codes  

Cycling:(intercept) 0.04038 0.01342 3.00980 ** 

LDB:(intercept) -3.82610 0.04439 -86.19680 *** 

LDT:(intercept) -3.23930 0.03700 -87.54890 *** 

MCmoped:(intercept) -4.63600 0.08587 -53.99080 *** 

Other:(intercept) -3.05010 0.05318 -57.35070 *** 

Parkandride:(intercept) -2.79770 0.03625 -77.17350 *** 

Passenger:(intercept) -2.55060 0.02524 -101.03710 *** 

Transit:(intercept) 0.64830 0.01167 55.53580 *** 

Walk:(intercept) -0.08810 0.02131 -4.13440 *** 

Cycling:km -0.28369 0.00461 -61.56620 *** 

LDB:km -0.02558 0.00472 -5.41940 *** 

LDT:km -0.05663 0.00572 -9.90560 *** 

MCmoped:km -0.03932 0.02618 -1.50200 
 

Other:km -0.40206 0.02218 -18.12990 *** 

Parkandride:km -0.17489 0.00923 -18.95060 *** 

Passenger:km 0.00397 0.00382 1.03980 
 

Transit:km -0.32028 0.00398 -80.39250 *** 

Walk:km -0.92393 0.01552 -59.52270 *** 

Cycling:km:minutes 0.00398 0.00008 47.49970 *** 

LDB:km:minutes 0.00131 0.00008 15.82080 *** 

LDT:km:minutes 0.00138 0.00011 13.06550 *** 

MCmoped:km:minutes -0.00071 0.00085 -0.83910 
 

Other:km:minutes 0.00597 0.00028 21.21520 *** 

Parkandride:km:minutes 0.00289 0.00015 18.73750 *** 

Passenger:km:minutes 0.00010 0.00008 1.18840 
 

Transit:km:minutes 0.00463 0.00007 66.21040 *** 

Walk:km:minutes 0.01152 0.00019 60.85140 *** 

Significant. Codes : 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Log-Likelihood -141850.0000 
   

McFadden Rho^2 0.0865 
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Table A-6: Summery result of Model 3 based on Approach 1 

 
Estimated Value Std.Error t-stat. Significant. Codes  

Cycling:(intercept) 1.3252 0.0488 27.1719 *** 

LDB:(intercept) -6.2488 0.1476 -42.3489 *** 

LDT:(intercept) -5.0358 0.1156 -43.5570 *** 

MCmoped:(intercept) -4.7348 0.2538 -18.6569 *** 

Other:(intercept) -5.4691 0.1768 -30.9382 *** 

Parkandride:(intercept) -4.5647 0.1210 -37.7257 *** 

Passenger:(intercept) -3.1713 0.0817 -38.8100 *** 

Transit:(intercept) -0.7043 0.0370 -19.0160 *** 

Walk:(intercept) 0.1349 0.0695 1.9411 . 

Cycling:km -0.1467 0.0051 -29.0350 *** 

LDB:km 0.1541 0.0054 28.7627 *** 

LDT:km 0.0029 0.0050 0.5849 
 

MCmoped:km 0.0224 0.0292 0.7669 
 

Other:km -0.1917 0.0155 -12.4026 *** 

Parkandride:km -0.0913 0.0075 -12.1699 *** 

Passenger:km 0.0345 0.0035 9.8795 *** 

Transit:km -0.1925 0.0030 -64.6187 *** 

Walk:km -0.5672 0.0122 -46.4129 *** 

Cycling:km2 0.0015 0.0002 8.6831 *** 

LDB:km2 -0.0016 0.0001 -17.3025 *** 

LDT:km2 0.0002 0.0001 2.5896 ** 

MCmoped:km2 -0.0027 0.0012 -2.3131 * 

Other:km2 0.0026 0.0002 12.7017 *** 

Parkandride:km2 0.0012 0.0001 10.2623 *** 

Passenger:km2 -0.0004 0.0001 -5.4228 *** 

Transit:km2 0.0024 0.0000 52.8991 *** 

Walk:km2 0.0073 0.0002 42.7164 *** 

Cycling:age -0.1507 0.0099 -15.1591 *** 

LDB:age -0.0398 0.0276 -1.4423 
 

LDT:age -0.0274 0.0250 -1.0941 
 

MCmoped:age -0.2067 0.0546 -3.7875 *** 

Other:age 0.1966 0.0359 5.4772 *** 

Parkandride:age 0.1146 0.0255 4.4937 *** 
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Passenger:age 0.1046 0.0168 6.2314 *** 

Transit:age -0.0407 0.0077 -5.2987 *** 

Walk:age -0.0363 0.0136 -2.6766 ** 

Cycling:cost -0.0041 0.0000 -127.2353 *** 

LDB:cost -0.0006 0.0001 -11.1494 *** 

Longdistancetrain:cost 0.0002 0.0000 12.1739 *** 

MCmoped:cost 0.0000 0.0000 -0.3332 
 

Other:cost 0.0000 0.0000 0.2809 
 

Parkandride:cost 0.0000 0.0000 2.5692 * 

Passenger:cost -0.0004 0.0000 -15.3376 *** 

Transit:cost -0.0003 0.0000 -30.5251 *** 

Walk:cost -0.0046 0.0001 -92.1875 *** 

Cycling:access_PT 0.3570 0.0083 43.0422 *** 

LDB:access_PT 0.6319 0.0231 27.4034 *** 

LDT:access_PT 0.4725 0.0201 23.5235 *** 

MCmoped:access_PT 0.1978 0.0463 4.2684 *** 

Other:access_PT 0.4487 0.0298 15.0826 *** 

Parkandride:access_PT 0.3808 0.0209 18.2580 *** 

Passenger:access_PT 0.1956 0.0138 14.1395 *** 

Transit:access_PT 0.4827 0.0067 72.3448 *** 

Walk:access_PT 0.5151 0.0114 45.3083 *** 

Significant. Codes : 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Log-Likelihood: -120860.0000 
   

McFadden Rho^2: 0.2217 
   

 

Table A-7: Summery result of Model 1 based on Approach 2 

 April October 

 Est-Value Std.Err t-stat. 
Signif. 
Codes  

Est-Value Std.Err t-stat. 
Signif. 
Codes  

Cycling:(intercept) 0.1406 0.0180 7.7952 *** -0.6079 0.0228 -26.7161 *** 

LDB:(intercept) -4.7125 0.0863 -54.6025 *** -4.8071 0.0876 -54.8852 *** 

LDT:(intercept) -3.3187 0.0536 -61.9703 *** -3.3878 0.0536 -63.2333 *** 

MCmoped:(intercept) -4.1504 0.1055 -39.3599 *** -6.2090 0.2356 -26.3580 *** 

Other:(intercept) -3.3009 0.0732 -45.0817 *** -3.3934 0.0722 -47.0198 *** 

Parkandride:(intercept) -2.9114 0.0513 -56.7669 *** -2.9431 0.0503 -58.5122 *** 

Passenger:(intercept) -2.6567 0.0381 -69.7224 *** -2.6026 0.0364 -71.5267 *** 
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Transit:(intercept) 0.4606 0.0158 29.1551 *** 0.5382 0.0154 34.9564 *** 

Walk:(intercept) -0.3998 0.0295 -13.5346 *** -0.3294 0.0290 -11.3724 *** 

Cycling:km -0.2117 0.0058 -36.3371 *** -0.0683 0.0086 -7.9493 *** 

LDB:km 0.1267 0.0072 17.6259 *** 0.1329 0.0073 18.2434 *** 

LDT:km -0.0153 0.0068 -2.2281 * -0.0100 0.0069 -1.4611  

MCmoped:km -0.0296 0.0341 -0.8680  0.1340 0.0563 2.3797 * 

Other:km -0.2276 0.0232 -9.8295 *** -0.2049 0.0216 -9.4963 *** 

Parkandride:km -0.1108 0.0107 -10.3721 *** -0.1041 0.0105 -9.9376 *** 

Passenger:km 0.0270 0.0050 5.4499 *** 0.0233 0.0049 4.7674 *** 

Transit:km -0.2221 0.0042 -52.3483 *** -0.2352 0.0044 -53.9374 *** 

Walk:km -0.6466 0.0181 -35.7088 *** -0.6959 0.0186 -37.4478 *** 

Cycling:km2 0.0019 0.0002 10.2250 *** -0.0024 0.0004 -5.3002 *** 

LDB:km2 -0.0014 0.0001 -11.4585 *** -0.0015 0.0001 -11.9127 *** 

LDT:km2 0.0004 0.0001 3.6674 *** 0.0003 0.0001 3.0496 ** 

MCmoped:km2 -0.0018 0.0014 -1.2784  -0.0051 0.0022 -2.3629 * 

Other:km2 0.0030 0.0003 9.8037 *** 0.0027 0.0003 9.3818 *** 

Parkandride:km2 0.0014 0.0002 8.5966 *** 0.0013 0.0002 8.0743 *** 

Passenger:km2 -0.0004 0.0001 -3.9207 *** -0.0003 0.0001 -3.4484 *** 

Transit:km2 0.0027 0.0001 41.4739 *** 0.0028 0.0001 43.4157 *** 

Walk:km2 0.0076 0.0002 31.5462 *** 0.0082 0.0002 33.4130 *** 

Significant. Codes : 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Log-Likelihood -73110  -69843  
 

McFadden Rho^2 0.0764  0.0770  
 

 

Table A-8: Summery result of Model 2 based on Approach 2 

 April October 

 Est-Value Std.Err t-stat. 
Signif. 
Codes  

Est-Value Std.Err t-stat. 
Signif. 
Codes  

Cycling:(intercept) 0.3402 0.0185 18.4068 *** -0.3171 0.0199 -15.974 *** 

LDB:(intercept) -3.7845 0.0627 -60.405 *** -3.8684 0.0629 -61.480 *** 

LDT:(intercept) -3.2028 0.0524 -61.158 *** -3.2753 0.0523 -62.670 *** 

MCmoped:(intercept) -4.0993 0.0993 -41.262 *** -5.7933 0.1886 -30.735 *** 

Other:(intercept) -2.9940 0.0756 -39.595 *** -3.0980 0.0750 -41.343 *** 

Parkandride:(intercept) -2.7777 0.0518 -53.643 *** -2.8153 0.0508 -55.348 *** 

Passenger:(intercept) -2.5749 0.0364 -70.679 *** -2.5283 0.0350 -72.218 *** 

Transit:(intercept) 0.6073 0.0167 36.2609 *** 0.6914 0.0163 42.3334 *** 
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Walk:(intercept) -0.1242 0.0305 -4.0715 *** -0.0438 0.0298 -1.4679  

Cycling:km -0.3332 0.0067 -49.489 *** -0.2288 0.0063 -36.340 *** 

LDB:km -0.0287 0.0067 -4.2693 *** -0.0222 0.0066 -3.3479 *** 

LDT:km -0.0602 0.0081 -7.3959 *** -0.0530 0.0080 -6.6022 *** 

MCmoped:km -0.0300 0.0359 -0.8368  -0.0087 0.0404 -0.2142  

Other:km -0.4229 0.0324 -13.045 *** -0.3853 0.0306 -12.602 *** 

Parkandride:km -0.1806 0.0132 -13.649 *** -0.1697 0.0129 -13.160 *** 

Passenger:km 0.0056 0.0054 1.0237  0.0025 0.0054 0.4719  

Transit:km -0.3127 0.0056 -55.847 *** -0.3297 0.0057 -57.857 *** 

Walk:km -0.8959 0.0218 -41.153 *** -0.9571 0.0222 -43.187 *** 

Cycling:km:minutes 0.0046 0.0001 39.2161 *** 0.0032 0.0001 26.7365 *** 

LDB:km:minutes 0.0014 0.0001 11.4984 *** 0.0013 0.0001 10.8294 *** 

LDT:km:minutes 0.0014 0.0002 9.5689 *** 0.0013 0.0001 8.8978 *** 

MCmoped:km:minutes -0.0020 0.0014 -1.4242  -0.0003 0.0011 -0.2999  

Other:km:minutes 0.0062 0.0004 15.2878 *** 0.0057 0.0004 14.6958 *** 

Parkandride:km:minute 0.0030 0.0002 13.5716 *** 0.0028 0.0002 12.9373 *** 

Passenger:km:minutes 0.0001 0.0001 0.6465  0.0001 0.0001 1.0162  

Transit:km:minutes 0.0046 0.0001 46.0231 *** 0.0047 0.0001 47.6592 *** 

Walk:km:minutes 0.0112 0.0003 42.1815 *** 0.0119 0.0003 44.0325 *** 

Significant. Codes : 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Log-Likelihood -72188 
 

 -69110 
  

McFadden Rho^2 0.0880  
 

 0.0867  
  

 

Table A-9: Summery result of Model 3 based on Approach 2 

 April October 

 
Est-Value Std.Err t-stat. 

Signif. 
Codes  

Est-Value Std.Err t-stat. 
Signif. 
Codes  

Cycling:(intercept) 1.4406 0.0649 22.1963 *** 1.2562 0.0774 16.2299 *** 

LDB:(intercept) -6.1597 0.2075 -29.6873 *** -6.3304 0.2101 -30.1315 *** 

LDT:(intercept) -5.0336 0.1638 -30.7248 *** -5.0390 0.1632 -30.8706 *** 

MCmoped:(intercept) -4.2893 0.2814 -15.2446 *** -3.5336 0.5462 -6.4690 *** 

Other:(intercept) -5.2087 0.2486 -20.9496 *** -5.7282 0.2516 -22.7696 *** 

Parkandride:(intercept) -4.6942 0.1746 -26.8841 *** -4.4443 0.1679 -26.4642 *** 

Passenger:(intercept) -3.1441 0.1171 -26.8458 *** -3.1947 0.1142 -27.9808 *** 

Transit:(intercept) -0.7308 0.0533 -13.7120 *** -0.6818 0.0516 -13.2234 *** 

Walk:(intercept) 0.0449 0.0991 0.4535 
 

0.2341 0.0984 2.3797 * 
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Cycling:km -0.2018 0.0062 -32.3114 *** -0.0403 0.0096 -4.1879 *** 

LDB:km 0.1496 0.0075 19.8791 *** 0.1586 0.0076 20.7666 *** 

LDT:km 0.0000 0.0070 0.0007 
 

0.0057 0.0070 0.8037  

MCmoped:km -0.0181 0.0350 -0.5178 
 

0.1346 0.0536 2.5112 * 

Other:km -0.2054 0.0228 -9.0106 *** -0.1787 0.0210 -8.5078 *** 

Parkandride:km -0.0947 0.0107 -8.8424 *** -0.0881 0.0105 -8.3636 *** 

Passenger:km 0.0352 0.0050 7.0707 *** 0.0342 0.0049 6.9501 *** 

Transit:km -0.1882 0.0042 -45.0313 *** -0.1960 0.0043 -46.0978 *** 

Walk:km -0.5583 0.0170 -32.7764 *** -0.5588 0.0176 -31.7403 *** 

Cycling:km2 0.0024 0.0002 15.0366 *** -0.0011 0.0004 -2.4029 * 

LDB:km2 -0.0016 0.0001 -11.8603 *** -0.0017 0.0001 -12.5781 *** 

LDT:km2 0.0003 0.0001 2.1783 * 0.0002 0.0001 1.5052  

MCmoped:km2 -0.0020 0.0015 -1.3847 
 

-0.0037 0.0019 -1.9260 . 

Other:km2 0.0028 0.0003 9.2532 *** 0.0025 0.0003 8.6866 *** 

Parkandride:km2 0.0013 0.0002 7.5415 *** 0.0012 0.0002 6.9679 *** 

Passenger:km2 -0.0004 0.0001 -3.9093 *** -0.0004 0.0001 -3.7938 *** 

Transit:km2 0.0024 0.0001 36.6417 *** 0.0025 0.0001 37.9318 *** 

Walk:km2 0.0072 0.0002 30.0667 *** 0.0073 0.0002 29.4203 *** 

Cycling:age -0.1344 0.0131 -10.2715 *** -0.1878 0.0160 -11.6988 *** 

LDB:age -0.0485 0.0389 -1.2470 
 

-0.0300 0.0392 -0.7667  

LDT:age -0.0173 0.0354 -0.4882 
 

-0.0374 0.0353 -1.0612  

MCmoped:age -0.2083 0.0611 -3.4081 *** -0.3125 0.1200 -2.6033 ** 

Other:age 0.1682 0.0507 3.3175 *** 0.2239 0.0508 4.4081 *** 

Parkandride:age 0.1534 0.0367 4.1797 *** 0.0775 0.0355 2.1841 * 

Passenger:age 0.0973 0.0241 4.0326 *** 0.1115 0.0234 4.7719 *** 

Transit:age -0.0458 0.0111 -4.1353 *** -0.0366 0.0107 -3.4284 *** 

Walk:age -0.0400 0.0192 -2.0835 * -0.0415 0.0194 -2.1445 * 

Cycling:cost -0.0034 0.0000 -86.1628 *** -0.0059 0.0001 -88.4207 *** 

LDB:cost -0.0006 0.0001 -7.9119 *** -0.0006 0.0001 -7.9081 *** 

LDT:cost 0.0002 0.0000 8.3710 *** 0.0002 0.0000 8.8505 *** 

MCmoped:cost 0.0001 0.0000 1.8858 . -0.0035 0.0004 -7.9769 *** 

Other:cost 0.0000 0.0000 0.0231 
 

0.0000 0.0000 0.3682  

Parkandride:cost 0.0000 0.0000 1.4734 
 

0.0001 0.0000 2.1775 * 

Passenger:cost -0.0004 0.0000 -10.7249 *** -0.0004 0.0000 -11.0005 *** 

Transit:cost -0.0003 0.0000 -21.4329 *** -0.0003 0.0000 -21.6396 *** 
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Walk:cost -0.0043 0.0001 -63.1044 *** -0.0050 0.0001 -66.9478 *** 

Cycling:access_PT 0.3438 0.0111 30.9922 *** 0.3777 0.0129 29.2285 *** 

LDB:access_PT 0.6305 0.0325 19.4054 *** 0.6332 0.0328 19.3343 *** 

LDT:access_PT 0.4756 0.0283 16.7860 *** 0.4698 0.0285 16.4970 *** 

MCmoped:access_PT 0.2190 0.0514 4.2621 *** 0.1088 0.0997 1.0916  

Other:access_PT 0.4202 0.0420 9.9975 *** 0.4777 0.0422 11.3289 *** 

Parkandride:access_PT 0.3897 0.0297 13.1281 *** 0.3724 0.0293 12.6997 *** 

Passenger:access_PT 0.1874 0.0199 9.4357 *** 0.2035 0.0193 10.5444 *** 

Transit:access_PT 0.4869 0.0096 50.8185 *** 0.4792 0.0093 51.4896 *** 

Walk:access_PT 0.5216 0.0162 32.1544 *** 0.5139 0.0160 32.0252 *** 

Significant. Codes : 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Log-Likelihood -62729 
  

-56669   

McFadden Rho^2 0.2075 
   

0.2511    

 

 

 


