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Abstract 

 

This study examines the determinants for the choice of commuter parking in the 

municipality of Umeå in northern Sweden. An empirical survey is carried out in order 

to collect data related to the impact of possible characteristics of parking. This is done 

in order to find possible policies that have can have an impact on individual demand 

for new parking regimes. A conditional model is fitted to the data and calibrated as a 

nested logit structure in order to relax the assumptions about the unobserved 

influences of utility. Marginal effects and elasticities are calculated from the model to 

evaluate the individual effects of the different parameters. The results indicate that the 

choice of parking is more heavily influenced by a change in excess time than by 

changes in the price for parking, leading to a conclusion that future policies with the 

purpose of increasing or decreasing parking demand would benefit more from 

focusing on time-saving components compared to price. 
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1. Why policies for parking? 
Sweden started forming its parking policies in the 1950’s when the concentration of 

cars and the demand for space designated for their keeping increased rapidly (Lundin, 

2009). At the same time, Sweden also saw a growing urbanization with associated 

problems of compact living conditions, increased road congestion and decreased road 

safety, where the policies of interest needed to combine the growing demand for new 

housing facilities with the need for accompanying parking spaces and well designed 

road transport systems (Lundin, 2009). 

 

In order to manage this new situation, policy makers in Sweden turned west to look at 

how the United States, a country where the development towards a new car-borne and 

urbanized society had been going on since the mid 1920’s, had handled the problem. 

In 1956 the civil boards for building, roads and water supply jointly published a study 

presenting a proposal for parking standards in Sweden (Generalplaneberedningen, 

1956). The study was based on a review of the parking standards for 331 American 

cities and stated the minimum required provision of parking spaces for a wide range 

of building types (Lundin, 2009). The standards have since then been modified and 

have undergone revision, but the idea that policy makers set up minimum 

requirements for parking provision, binding for all developers, remains the core of 

many municipal parking policies throughout the country. When choosing a minimum 

standard for parking that is based on previous policies or neighbouring cities solutions 

rather than actually investigating demand and behaviour of individuals, the society is 

at risk of reproducing old mistakes without truly understanding the inter-linkages 

between policy making and actual outcome (Lundin, 20009; Shoup, 2009). 

 

As argued by Shoup (1999) and Marsden (2006), the problem with minimum parking 

standards is that they often result in overprovision of parking spaces. Minimum 

standards also fail to notice the fact that the demand for spaces is not an output from a 

demand model of transport but rather an input of the same (Feeney, 1989). The 

provision of parking spaces, since not caused by demand but by given standards, is 

subsidized in order to cover the costs of parking facilities not being fully occupied. 

The cross-subsidy is often levied on rent for houses and business premises, something 

that can cause social distortion (Arnott et al. 2991; Envall, 2013). A study performed 
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in 2010 by the consulting agency WSP suggest that the cost borne by non-users of 

parking spaces can be as high as 500 SEK per household and month (Envall, 2013).  

 

Many municipalities have begun to look at how to change parking policies to better fit 

the demands of a new society, where new objectives such as environmental and social 

sustainability are major concerns (Prop 2008/09:93). Policy makers are searching for 

new solutions to incorporate political goals of transportation security, accessibility 

and environmental awareness with fiscal responsibility and good statesmanship 

(Envall, 2013). To successfully combine this into policy propositions, policy makers 

need analyses of what kind of design might give the most effective result in order to 

know where the governmental funds will be of best use. One type of method that 

could provide these results base is stated preference analysis, which can investigate 

the population propensity to change travel modes or parking habits given the 

introduction of different policies, before they have been introduced on the actual 

market. 

 

Recently, a new parking regime has been proposed in the municipality of Umeå, a city 

in northern Sweden with a population of approximately 118 000 (SCB, 2013). This 

development of new parking solutions has been an on-going project for many years 

and the municipality has come up with some ideas that have been well received in the 

world of social planning (Envall, 2013; Umeå Kommun, 2013). One recent project in 

Umeå is the location of parking spaces outside of the city centre with low parking 

costs and access to a bike renting system (Be Green, 2014). This gives commuters and 

visitors the opportunity of saving money and avoiding time-consuming searches for 

available parking spaces. The city of Umeå can benefit from fewer cars leading to less 

emissions and a less motorized cityscape. The park-and-bike system is new and 

untried, why it has been done in a small scale so far, and is currently being tried out 

among a small group of participants. 

 

This study aims to present an investigation of the effect prices and location can have 

on an individual’s choice of travel mode when choosing how to commute to work in 

order to evaluate the effectiveness of the proposed projects in Umeå. As previous 

research show, the theoretical base for parking being able to influence mode choice is 

well developed (see among others Arnott et al. 1991; Shoup 1999; Anderson de Palma 
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2004; Marsden 2006), but the need for practical simulations and empirical proof is 

needed to calculate the specifications of an optimal policy design. This simulation can 

provide the policy maker with expected results for different policies, thereby ruling 

out the inefficient and increasing support for the well designed. As previous studies 

have pointed out, it is crucial for the effectiveness of policy making that the analysis 

of the underlying population is done with respect to as many local characteristics as 

possible (Marsden and May, 2005; Marsden, 2006). In order to make the study more 

appealing to cities and policy makers where park-and-bike is not an alternative, other 

scenarios will be evaluated separately. If the results are in line with previous findings, 

the responsiveness of price and time factors will be able to change the probability of 

using central parking as the first choice when travelling by car and direct individuals 

to more sustainable solutions. 

 

In the following section, the study present the current state of research regarding 

parking policies as a strategic tool to reach social optimum or impact the market 

shares between modes of travel. Using this evidence as a theoretical framework, an 

experimental choice model of stated preference is constructed, building on the 

theoretical base of random utility and maximum likelihood estimation. The 

methodological background and practical design and distribution of the survey is 

presented in section three. This is followed by a report of the final results derived 

from the 922 responses and the subsequent model specification of a nested logit 

structure. In the final two sections the estimations are analysed as a possible tool for 

parking policy and the practical implication of the result is evaluated. 

 

2.  Parking as a strategic tool 
Historically the transport research field have focused on other transport policies than 

parking, mainly road tolls (Verhoef et al.1995; Feeney, 1998; Marsden, 2006). This 

has to do with the fact that road tolls, when cleverly designed, offer a possibility to 

influence not only mode choice or trip destination but also the route taken and the 

type of vehicle used (Verhoef et al. 1995). However, road tolls are not uncontroversial 

(Arnott et al. 1991; Anderson and de Palma, 2004). Road tolling systems often face 

stiff opposition and can cause a consuming implementation process. Parking on the 
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other hand, has the advantage of already being a system “put in place” where the 

public is used to governmental intervention. 

 

Even though parking policies do not offer the wide range of effects we expect from 

some other transport policies, they can provide a well functioning instrument to affect 

mode choice of transport, parking location and efficient use of land (Arnott et al. 

1991; Verhoef et al 1995; Anderson and de Palma, 2004). However, this efficiency is 

dependent on a situation where the parking policies are used in “true conditions” 

(Shoup, 2005), where every user of a parking space pays the true cost for the use. This 

is not the case in Sweden, as shown by previous findings (Envall, 2013). The factors 

related to parking are suggested to be of greater explanatory importance than other 

trip related elements (see Gillen, 1977). By strategic policy design, changes in parking 

fees and location could have greater impact than other policy measures influencing 

the in-vehicle costs such as fuel taxes or subsidies on green cars (Marsden, 2006).  

 

Parking policies can change an individual’s behaviour in principally five ways. It can 

cause a change in parking location, it has the ability to change the mode used when 

undertaking the trip, can affect the time one chooses to start the trip, change the trip 

destination, and can cause the individual to abandon the trip (Feeney, 1989). The 

impact differs between individuals depending on the nature of their journey. As stated 

by Feeney, commuters obviously cannot change the destination of their trip or choose 

to abandon it, but will rather change the mode of transport or the parking location. 

People going on leisure or shopping trips might be more flexible and studies have 

observed a greater variety of response to parking policy changes in such groups. Since 

the aim of this study is to understand the behaviour of work trips, the first two 

possibilities of behavioural change are the most interesting.  

 

Parking is defined by a variety of attributes. As an example, when choosing the 

location to park, attributes can be the cost of the parking, the distance between the 

parking space and the final destination, if there are any operating hours or other time 

restrictions limiting stay and the overall amenities of the parking facility. For some, 

the access of electricity or water might be of great importance, and some might have a 

strong preference for parking in garages with a roof. To control for all of these factors 

is practically impossible and the most efficient policy will try to isolate the factors 
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that seem to be most effective. Even though the research on parking is not as thorough 

as for other transport policies some evidence exists that can point in the direction of 

which factors to focus on.  

 

The price of parking has a proven impact on mode choice and parking location. 

Linear elasticities estimations exist but the values are often low and show a great 

variation between different studies (Feeney, 1989; Marsden, 2006). Therefore, it is 

difficult to draw conclusions for national policies based on findings from abroad. 

Since the surrounding circumstances such as access to public transport and overall 

transportation culture can be important for the definition of the decision making space 

in which the individual can operate (Feeney 1980).  

 

The effect of increased prices of parking is often estimated as larger for central 

locations than for suburban, depending on how the status quo of the study is 

described. The starting point of many studies in the United States has been provision 

of free parking spaces in the proximity to a workplace (Pickrell and Shoup 1980; 

Wilson, 1992). Implementation of parking fees substantially decreased the share of 

single drivers of car and increased the share of car-pooling and public transport users. 

The results are in line with economic theory where an increase in the price of a good 

or service will decrease the demand for it (Arnott et al., 1991). The studies are hard to 

interpret as policy guidelines in Sweden since the supply of free parking often is 

limited and the results might differ a great deal between increasing prices with some 

amount from a current level compared with increasing them from nothing to 

something. 

 

Previous studies that have focused on price elasticities within a range of prices have 

reached the same conclusion as the American studies, even if their results are not as 

striking. The average elasticity estimate of parking prices is -0.3 (see among others 

Brown 1972 and Gillen 1977), meaning that a one percent increase in parking prices 

would lead to a 0.3 percent decrease of parking demand at a given location. However, 

the estimate of the elasticity has a wide variation between studies, and the value falls 

somewhere between -0.1 and -0.6 (Marsden 2006). In addition, the estimation is not 

always done in a manner that makes elasticities comparable since the studies use 
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different measures of parking costs as well as a variation of explanatory variables 

(Feeney 1980). 

 

The price of parking is the most studied factor of different policies. Another important 

element, often overlooked in research, is the excess time (see Feeney, 1980). Excess 

time can be defined as the time spent after parking but before reaching the final 

destination, sometimes called out-of-vehicle-time. Interestingly enough, the previous 

studies that have been done on the subject show that it has a great importance, maybe 

even greater than price alone. The studies show excess time elasticities with lower 

standard errors than the estimates for in-vehicle time and the total cost of the trip. 

There are estimates of the excess time elasticity being between -0.3 and -0.35, similar 

to the elasticity for parking costs (Feeney 1980). 

 

The elasticity of this factor tells us how individuals value time, information that can 

be very useful when designing the optimal parking regime (Arnott et al. 1991; 

Anderson and de Palma, 2004). The value of time seems to decrease when the size of 

the urban area increases, suggesting that individuals living in large cities are less 

sensitive to walking a longer distance than individuals living in smaller (Marsden 

2006). This would make intuitive sense since the distances overall is larger in bigger 

cities, something that would cause the acceptance for distances to be greater. A study 

in Haifa, Israel, show that 47 % of the parkers in the city walked on average 5 minutes 

to their final destination, 39 % walked 5- 10 minutes and 14 % walked for more than 

11 minutes reaching their final destination after parking (Shiftan, 2002).  

 

When using results from previous research the aim of the policy maker must be clear 

before the results are incorporated in the policy design. For some cities, especially 

larger and denser, the problems are usually congestion, pollution and road safety. 

Under these circumstances, the policy maker needs to design a solution that reduces 

traffic flow, especially during peak hours (Arnott et al 1991). If these policies do not 

take into account the elasticities for walking distances or change in parking location, 

the policy is at risk of just moving the problem somewhere else (Shoup 1999). If 

prices increase, individuals with a high willingness to pay will remain in the city 

centre while others will seek less pricey alternatives in the outskirts. If this scenario is 

not considered in the overall plan, the final result might be an improved downtown 
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area surrounded by polluted and congested suburbs (Shoup 1999). To avoid such 

scenarios, the elasticity of excess time can be used to differentiate prices between 

different parking zones so that the individuals spread evenly according to their price 

sensitivity. 

 

3.  Theoretical Approach 
 

3.1 Random Utility Model and Discrete Choice 

The focus of this study is increased understanding of how the factors time and 

location influence demand for parking spaces in Umeå municipality. To do this, the 

method of choice modelling and discrete choice will be used to estimate elasticities of 

demand for different transport mode combinations. Discrete choice framework is a 

form of dominance measure where the aim is to investigate whether a good or service 

is equal to, preferred to, or less preferred to other goods and services in the same 

group. (Train 2009) This section gives a foundation for the understanding of the 

method to be used. To understand the basic theory behind discrete choice and how it 

can be used to measure the impact of parking attributes the starting point is to 

understand the random utility model and the choice probability model estimated.  

 

The concept of this theory was developed by Lancaster (1966) and Rosen (1974) who 

stated that utility is not something that is derived from goods per se, but rather from 

the components, or properties they incorporate (Louviere et al. 2000). Goods can be 

seen as a set of objective characteristics, t, through 

 

 t = BX        (1) 

 

where t is a vector (r x 1) of observable values of the objective characteristic r, X is a 

vector (1 x J) of J goods and B is a matrix (R x J). R is the set of objective 

characteristics, also called the attributes of the goods. The objectiveness of the 

attributes comes from the assumption that they are equal for all individuals in the 

population. The characteristics are a description of the good itself, R can vary over 

different goods, but it is the same to all individuals. With parking, this means that the 

different parking alternatives can have different levels of cost assigned to them, but 
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the cost will be the same for all individuals facing the single alternative. Overall 

utility is given by a function of characteristics of goods: 

 

u = U (t1, t2, …, tR)      (2) 

 

If it is assumed that the composite good theorem (Hicks 1946) holds, all other goods 

except the ones under study are defined as d and the objective function for the 

individual will be to maximise total utility 

 

 max U(t1, t2, …, tR)      (3) 

 

subject to 

 

 p(t1, t2, …, tR) + d = M      (4) 

 

where M is the individual income, p(t1, t2, …, tR) is the price of the good producing t 

characteristics. The price of d is in the Lancaster-Rosen framework set as equal to one 

dollar (Louviere et al. 2000). In the analysis of parking, each good is viewed as 

connected with providing a service. That service commodity is denoted k and the 

marginal value of this is denoted sk. Generally, sk is assumed to have a one-to-one 

relationship with tr so they are perfect representations of each other. The utility 

function can then be expressed as 

 

 !   =   !  (!!, !!,… , !!)      (5) 

 

due to the fact that all levels of utility an individual will actually get from a specific 

service is connected with uncertainty. The individual only knows the utility of 

expected outcome in consumption why (5) is rewritten as 

  

 !   =   !  (!"!, !"!,… , !"!)     (6) 

 

This expectation is known by the individual, but not by the analyst trying to 

understand the individual choice behaviour. Analysts only possess information about 
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what attributes they think will influence the expected outcome in terms of 

consumption of a service or good. This can be expressed as  

 

 !   =   !  ((!"!   +   !"!!)!,… , (!"!   +   !"!!)!)   (7) 

 

with the sum of se0 + seu0 being the observed versus unobserved effect the analyst is 

looking for when estimating parameters for the individual choice (Louviere et al. 

2000). The following theory is consistent with the regular theory of demand, where 

the market can be seen as a continuous spectrum of choices from which the individual 

can choose the commodity bundle that maximizes the individual utility function. It 

can also be used to understand the demand for discrete choice commodities but not 

without some redefinition. 

 

McFadden (1974), who developed many of the models used today to estimate discrete 

choice data, stated that the original consumer theory is lacking resources to 

understand the decision making when it comes to discrete choices such as housing, 

participation on the labour market and travel modes. These commodities cannot be 

seen as part of a continuous spectrum of products but rather have a finite set of 

choices that the individual has to choose from. This would demand very strong 

implications for the statistical theory of aggregate demand. In the traditional model, 

the differences in choices across individuals are not seen as a difference in taste but as 

a result of the disturbance term. For discrete commodities, there exist no intensive 

margin for which an individual can make adjustments in consumption. The changes in 

consumption for all discrete commodities will take place on the extensive margin and 

therefore the standard model fails to be able to predict demand (Louviere et al. 2000; 

Train 2009). 

 

To return to the previous framework of partitioned goods, assume that a random 

individual, q, is drawn from a population. The individual will possess a vector of 

attributes, s, specific to this individual. The vector s is part of a set, S, common to the 

population. The individual will choose among a set of alternatives, A, a subset of the 

global choice set G. The probability that the individual will choose commodity x from 

the set A is given by the attributes s and the alternatives A 
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 ! ! !,!     ∀! ∈ !      (8) 

 

In the environment of a population, each decision maker will have an individual 

behaviour rule IBR, contained in the total set of behaviour rules for the population 

(Louviere et al. 2000). 

 

 ! ! !,! =   ! !"#   ∈ !!"#  |  !"#   !,! = !  (9) 

 

The utility of the individual decision maker is given by the equation 

 

 !!"     =   !!"   + !!"      (10)  

    

where Uiq is the utility for the qth individual regarding the ith alternative, !!"  is a 

disturbance term and Viq is the representative utility describing the alternative through 

 

 !!" = !!"!
!!! !!"#     (11) 

 

where β is the utility parameter, constant across individuals but dependent on the 

alternatives attributes. The individual specific component of behaviour that is not 

explained by individual attributes such is conveyed in the error term.  

 

The systematic changes in the representative utility Viq are what the analyst is 

interested in when trying to understand the behaviour rules of the population. The 

division of utility into this systematic term and the random term is necessary, since 

the analyst can only assume what attributes to include in Viq and thus not control for 

factors outside of this that might play a part in the individual’s choice of alternative. 

The individual will choose the alternative that gives maximum utility, in this case 

when the sum of representative utility plus the disturbance of alternative i is larger 

than representative utility and disturbance for alternative j. Rearranging and 

substituting into (8) gives 

 

 !!" ≡ ! !! !,! =   ! !"#!   ∈ !"#$|!"#! !,! = !   (12) 
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and  

 

 ! !!" !! ,! =   !!" = ! ! !, !! − !(!, !!) < ! !, !! − ! !, !!      (13) 

     for all ! ≠ !   

 

Equation (13) is the model formally known as Random utility model, RUM, and is the 

base concept when choice data is analysed. The main advantage of this model 

compared to the traditional utility models is how the model specifies how the decision 

of the individual can be understood as composed of two elements, the observable 

attributes of the systematic utility Viq and the unobservable attributes of the random 

utility term !!". 

 

When it comes to the empirical application of this model, some assumptions must be 

made about the probability distribution of the random utility term. The most 

commonly assumed distribution is the Gumbel distribution (Train, 2009) with the 

form 

 

 ! !! ≤ ! =   exp  (−!"# − !)   (14) 

 

Assuming this distribution of random utility, integrating the probability function over 

all possible values the following expression emerge  

 

 !! =
!

!"#!(!!!!!)
!
!!!

     (13) 

 

on the individual level, this probability becomes 

 

 !!" =
!"#!!"
!"#!!"

!
!!!

      (14) 

 
This is the standard choice model that will be used. The model explains how the 

utility from alternative i for individual q to the sum of expected utility from 

alternatives j. The utility individual q derives from alternative i is denoted 
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 !!" = !!"!!"#
!
!!!      (15) 

 

where X can be alternative-specific variables, the attributes of different alternatives, or 

case-specific variables different between the individuals in the sample such as age and 

income. With this specification of utility individual probabilities can be expressed as  

 

 !!" =
!"#!!"!!"#

!"# !!"!!"#
!
!!!

            for    ! ≠ !        (16) 

 

where Piq is a value between zero and one, and when Viq increases and Vjq is held 

constant, Piq is expected to approach one. The sum of the probabilities for all choices 

always sum to one, as each individual is expected to always choose one of the 

alternatives in every situation 

 

 !!"
!
!!! = !"#!!"!!"#!

!"#! !!"!!"#
  = 1        for    ! ≠ !      (17) 

 

When the model is estimated the probability of choosing one alternative is compared 

with the probability of choosing another one, often referred to as the base alternative. 

The probability will always be the ratio of these two probabilities, no matter what the 

other possible alternatives might be. This restriction on the model is called the 

independence of indifferent alternatives (IIA) and is an assumption necessary for the 

basic logit model. Briefly, IIA assumes that the probability of choosing alternative i 

over alternative k will not change if an additional alternative l is introduced. If the 

probabilities do change, i.e. IIA does not hold, the model might under or overpredict 

the final probabilities of the affected alternatives. The assumption of IIA can be a 

realistic in many settings but it is advised to test whether it holds or not when 

determining what model is best fitted to the data (Louviere et al. 2000; Train 2009; 

Hensher et al. 2005).  

 

To estimate the parameters of the utility function, the most common procedure in 

discrete choice setting is to use the maximum likelihood estimation, MLE. If it is 

assumed that the data is collected as a random draw, or a stratified at random draw, 
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from the population the probability of an individual choosing the alternative that was 

chosen can be written 

 

 (!!")!!"!     y = 1 if the alternative is chosen and 0 otherwise 

        (18) 

 

In the MLE context, the probabilities of the individual can be expressed as a 

likelihood function of the form 

 

 ! ! =    (!!")!!"!
!
!!!     (19) 

 

where ! is a vector containing all the parameters of the utility function. The log 

likelihood of the sample population is written 

 

 !! ! = !!"!!"!
!
!!!     (20) 

 

where the estimates are the value of ! that maximizes this function. The estimated 

value of ! will similar to the constants in a linear regression, because it will produce 

the predicted average for each dependent variable to be equal to the observed sample 

average. The idea of log likelihood is useful when determining the model fit. The 

LL(!)  value obtained through MLE of a full model with all relevant variables is 

compared to a model with coefficients equal to zero, a constants only model. The test 

use the difference between the models and test it against the hypothesis that the 

difference is larger than zero. 

 

Log likelihood can also be used to develop the pseudo R2 of the model. The pseudo 

R2  is used as a measurement of fit and can be used to compare two models with the 

same model specification. The pseudo R2 cannot be compared to the regular R2 

statistic used in linear regression however, it can only be used as an ordinal value, and 

does not say anything about the predictive ability of the model (Train, 2009). 
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3.2  Stated Preferences 

Given the basic framework of choice modelling, the question is how to operationally 

measure the systematic utility, !!", in this case the utility derived from different 

alternatives of parking subject to the attributes that describe them. There are two main 

possibilities when evaluating how parking attribute influence individual choice. One 

is to look at historical data of market shares between different modes of transport and 

investigate how these shares change relatively if a parking policy change is 

implemented. This method uses cross-sectional data and is almost always in 

aggregated form (Hensher, 1994). The method makes it impossible to build models 

with alternative explanatory factors that could potentially change the result, such as 

income, age, sex and car ownership but causes for extensive assumptions about these 

factors in order to make estimations that could be used in policy design without 

risking causing distortive effects (Louviere et al. 2000). The study of these kind of 

aggregate data or the actual choices made is called Revealed Preference (RP) and are 

widely used in transportation studies, especially at policy making level since the data 

is easily available (Louviere et al 2000; Train 2009). 

 

Another commonly used method for measuring individual impact is to collect 

disaggregate data to estimate the individual preferences. This can be done either by 

asking individuals how they have reacted historically, or one can ask them how they 

would react in a hypothetical scenario presented to them. The use of hypothetical 

questions and observing the responses to these is called Stated Preferences (SP) and is 

the method deemed most appropriate for this study.  

 

Stated Preferences is a way of measuring how individuals respond to changes in 

attributes of alternatives presented to them (Louviere et al. 2000). One could use two 

different goods and ask people how they would choose between these given that their 

relative price changes. The response to price changes gives a measure of how the 

individual value the different products, and can thus be used to estimate response 

functions for each. To calculate responses that can be generalizable across the 

population, the number of individuals that is asked must be of sufficient size (Train 

2009). 
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Since the 1980’s, Stated Preferences has had a growing influence on transportation 

studies and is now the most popular method used to estimate demand and preferences 

(Louviere et al. 2000). Transport studies use both ranking systems, where the 

individual assign ranks to alternatives with varying attribute levels, or so called first-

preference choice tasks where the respondent can chose only one alternative of 

several presented. The respondent can be faced with just one choice scenario, or 

multiple if the aim of the study is to measure some relative preference among the 

alternatives. In multiple ratings the respondent chooses between different alternative 

mixes when the level of their respective attribute is held constant, while in first-

preference choices the respondent is faced with a constant number of alternatives 

within which the levels of attributes change (Louviere et al. 2000). Ratings are used to 

calculate market shares of different alternatives (see Hensher, 1994) but since the aim 

of this study is to look at probabilities of mode choice in the event of changes in 

parking prices or parking locations, the multiple first-preference method is to be 

preferred.  

 

One of the advantages with SP surveys is that they are able to measure changes in a 

market that has not yet been implemented. This can also be a drawback, since it 

challenges the respondents to think about scenarios they have not experienced. This is 

a challenging task that has caused the method to be questioned (Louviere et al. 2000). 

In order to minimize the risk of creating unreliable results, the design of the survey 

must be done with great care and the levels of the attributes must be chosen so that the 

respondents can perceive them as credible (Hensher, 1994). The scenarios must also 

be within the range of what the respondents consider as probable scenarios or they 

might overlook a preferred alternative because it is too unrealistic (Hensher et al. 

2005). 

 

The ideal is to combine the simple result transformation of the multiple first-

preference approach, where the result is instantly translatable as marginal effects and 

predictions about individual decision, with the simplicity of rating and ranking 

(Hensher 1994). In the case of parking estimation, this might not be as difficult as first 

perceived. Many transport research fields have the benefit of mimicking reality in the 

sense that individuals in the market make choices based on their knowledge of the 

alternatives set of attributes (Train 2009). The choice faced by every individual is 
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somewhat transparent and as a researcher, information about price, excess time and 

other influential factors is available and can be used to estimate demand. 

 

As stated by Hensher (1994): “A Good experiment is one which has a sufficiently rich 

set of attributes and choice context together with enough variation in the attribute 

levels necessary to produce a meaningful behavioural responses in the context of the 

strategies under study.” 

 

This is not easy, but the design of the study is a necessarily time consuming step in 

the process. Without the appropriate alternatives, the right level of attributes or an 

adequate number of choice sets, the result from the survey might be impossible to 

draw any conclusions from.  

 

3.3  The Survey 

 

3.3.1.  Design of the questionnaire 

As the design of the hypothetical scenarios that the respondent is faced with can 

greatly influence the outcome of the analysis, it is important to carefully consider the 

alternatives available to respondents as well as the attributes defining them and their 

respective levels. The aim is to capture the variation between probabilities of choice 

that can be observed when values of attributes are changed. To design a survey that 

will capture the variation without being incomprehensible for the individual demands 

a careful design (Hensher 1994). 

 

As parking is the subject of interest in the choice experiment of this study, the 

respondents are faced with four parking alternatives in each scenario, differing in cost 

of parking and distance between the parking location and final destination. Each 

scenario that the respondent is faced with also includes an alternative for not choosing 

car overall. The alternatives are:  

1. Parking close to work, walking to the final destination. 

2. Parking at a distance from work, walking to the final destination. 

3. Parking at a distance from work, travelling to the final destination by bus. 

4. Parking at a distance from work, travelling to the final destination by bike. 

5. Travel by some other mode than car, i.e. public transport, bicycle or walking. 
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The alternatives are divided in such a way due to the fact that the substitution between 

the different parking alternatives rather than the substitution between different travel 

modes is of relevance. The alternative of a different mode other than car is not 

connected to any of the parking attributes investigated in this model. Focus is 

therefore put upon the parking alternatives. 

 

Alternatives can be presented to the respondent as either labelled alternatives, with a 

name or description assigned to them, or as non-labelled, generic options. The 

advantage of generic alternatives is that the respondents might associate some 

unaccounted for characteristic to the label, and see it as a proxy for some attribute 

unaccounted for by the choice model. This can influence the probability of choice, 

thereby causing the model to fail to capture an important influencing factor (Louviere 

et al. 2000; Hensher et al. 2005). The disadvantage is that the scenarios presented to 

the respondent might lose some of their credibility since the option of “travel mode 

A” and “travel mode B” can be harder for the respondent to consider in a realistic 

manner (Hensher et al. 2005). Previous research has also proven that models using 

labelled parking alternatives provide data of sufficient quality (see Hensher and King 

2001). 

 

Alternatives are defined by characteristics, or attributes, differencing them from one 

another. In designing stated choice questionnaires, an important consideration is 

which of the characteristics to use as determining factors in the choice model. In 

parking situations, characteristics can be cost of parking, location, in- or outdoor 

facilities or availability of manned surveillance (Feeney 1989; Hensher and King 

2001). The decision of which attributes to use as instruments in the choice design 

could be based on experience, previous empirical evidence or a pilot study among a 

subgroup of the sample population (Hensher et al. 2005). In this study, the attributes 

included in this model is chosen to be the cost of parking and a variable describing the 

time it will take for an individual to reach the final destination once the car is parked. 

These attributes are suggested as important by previous research and also easily 

quantified, something that can favour an objective treatment of the alternatives from 

the respondents, but also facilitates analysis in the estimation process.  
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Attributes are assigned levels between which the values will vary. In an optimal 

situation the levels would be constructed so that each feasible point in an individuals 

utility space would be observed (Hensher et al. 2005). However, since reality often 

impose limits on the resources available for the design and execution of choice 

surveys the number of attribute levels need to be diminished and chosen with care. 

 

The price is measured as the total price of parking plus the price of the possible 

additional travel mode, i.e. bike or bus. The attributes then take on three levels for 

each alternative, where the middle alternative is the price at the prevailing market, 

calculated from prices of parking in Umeå city centre, monthly travel passes for 

public transport and the price of renting a bike through the rent-a-bike system used in 

other Swedish cities. By this procedure, the prices will be similar to what the 

respondents are facing in their day-to-day life, minimizing the effect of biased choices 

due to unbelievable scenarios. The calculations of prices are shown in Appendix 3. 

The values assigned to each alternative attribute can be found in Table 1. 

 
Table 1. Levels of attributes with assigned values. 

	  	   Level PC PD PDPT PDB 
Price 1 30 SEK 5 SEK 15 SEK 8 SEK 

 
2 50 SEK 10 SEK 20 SEK 12 SEK 

 
3 70 SEK 15 SEK  25 SEK 16 SEK 

Time 1 1 min 10 min 5 min 5 min 

	  
2 3 min 15 min 7 min 7 min 

	  	   3 5 min 20 min 9 min 9 min 
 PC= Park close to work 
 PD= Park at a distance 
 PDPT = Park at distance, change to public transport 
 PDB = Park at distance, change to bicycle 
 
 
The time attribute is measured in minutes and can be seen as an attribute measuring 

location of parking with the implication that a parking facility located further away 

will cause longer hauls which will take longer time to travel by bike, foot or bus. The 

base distance is approximated as where the parking facilities would be located relative 

to Umeå city centre. 

 

To construct the questionnaire the different levels of attributes for each alternative are 

combined into choice sets. The total number of combinations is calculated as LMA 
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where L is the number of levels assigned to each alternative, M is the number of 

alternatives present in each scenario and A is the number of attributes connected to 

each alternative. Since the fifth alternative of travel modes other than car is not 

assigned to any levels or attributes, and therefore remain constant between all 

scenarios, it is left out of the calculation. With four remaining alternatives, the total 

numbers of attributes is eight, each containing three levels. The total number of 

possible choice sets become 34x2 = 6561. If all combinations of attribute mixes were 

included in the questionnaire, the analysis would be done on what is called a full 

factorial (Louviere et al. 2000; Hensher et al. 2005).  

 

The common approach in stated preference questionnaire design is to somehow 

reduce the number of possible choice sets by deleting alternatives, attributes or levels 

or by using an approach known as fractional factorial design. The former can be used 

but causes a risk of valuable information being lost in the process whilst the latter 

demands controlled conditions and an understanding of the statistical properties of 

sampling (Hensher et al. 2005).  

 

Fractional factorial design is achieved through a controlled sample draw from the 

original set of attribute mixes. A random selection of choice settings could result in a 

design that would produce statistically insignificant or biased results but when 

following the procedure used in fractional factorial the statistical properties of 

independence is kept intact so that the orthogonality remains (Hensher et al. 2005). 

The key concept is the mathematical constraint of orthogonality that assures that the 

sample chosen from the full set will have attributes independent from another with 

zero correlation. Without this constraint on the sampling process, the resulting 

combination might cause the attributes to be confounded with one another, thereby 

aggravating the estimation of each individual effect. (Louviere et al. 2000; Hensher et 

al. 2005) 

 

Generation of the design was done in SPSS but the orthogonal fractional factorial can 

also be calculated manually. In this study, the design is generated from the four 

alternatives, each with two attributes contained in three levels and one degree of 

freedom. Additionally, the fractional factorial design is constructed to include 

potential additional estimation of interaction effects, which left a total number of 27 
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choice sets in the final design. A block-column is also included in the orthogonal 

design to be able to partition the choice sets into three different subgroups, in order to 

ease the task of answering the questionnaire. Each respondent are now faced with nine 

choice sets instead of the full 27. Such a procedure is not interfering with the 

statistical properties when the blocking is performed by an orthogonal component, but 

the final pooling of answers will have to satisfy the requirement of equal number of 

responses (Hensher et al. 2005). 

 

The final design of choice sets was randomly ordered into three different editions 

within each block. This is done to control for the possible ordering bias that might 

influence the answers (Hensher et al. 2005). All in all a total number of nine 

questionnaire versions was constructed and sent out to proportional subgroups of 

respondents in the sample. Each version of the questionnaire had one additional 

scenario added that was a replica of one of the previous scenarios. The choice in this 

scenario can be compared with the choice of the original scenario in order to check 

for individuals answering the question at random instead of making the decision based 

on the attributes presented for each alternative. 

 

Apart from the choice sets, the questionnaire also asked respondents for individual 

specific information to be used in the estimation. Among other things, the respondents 

were asked to state their income, age (as an interval) and the distance between their 

residential location and their place of work. A full example of the questionnaire can 

be found in Appendix 4. 

 

3.3.2  Sample population 

Since the survey aims at understanding influencing factors in choice of parking when 

commuting to work, the population of interest is people employed in the municipality 

of Umeå. The survey was designed as an electronic questionnaire, which was sent out 

to the respondents email address. The information about email addresses was obtained 

through the sustainability project Be Green in Umeå, who have gathered email 

addresses at events, workshops and other activities organised by the municipality of 

Umeå. Be Green also provided a list of email-addresses to companies in Umeå 

municipality with a minimum number of at least three employees. A qualitative 

examination of the addresses was carried out to ensure that the receivers of the 
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questionnaire were indeed the target population. In this examination, all personal 

email addresses was sorted out, as well as addresses from companies and authorities 

whose location was not considered to be part of the area of interest. A map showing 

the area included in the study can be seen in the questionnaire in Appendix 4. 

 

The survey was sent to individuals employed in the state, municipal and private 

sector. The original distribution of the receivers was 1 243 private sector addresses 

and 1 052 addresses belonging to state or municipality employees. A total of 2 295 

emails were sent out during the month of January 2014, divided into nine subgroups 

each consisting of 255 individuals. Of the email sent out, 84 were returned as a failed 

delivery. Of the 2 211 emails successfully sent out, 922 was returned completed. This 

gives a response rate of 41.7 % and gives a stable foundation for our following 

analysis when comparing to some previous studies with response rates of 

approximately 30 percent (Hensher and King, 2001). 

 

4. Analysing the responses 
 

4.1  Sample characteristics 

In order to understand what the sample population look like, analysis is done on the 

socioeconomic characteristics reported in the data. The questionnaire asked questions 

in order to identify individual-specific characteristics such as sex, age and number of 

children, but also asked the respondents to give estimates of their average commuting 

cost. The respondents were also asked to rank some travel mode characteristics 

according how important they believe those characteristics are to their choice of travel 

mode. Not all of the information captured in the survey is used in the final model 

specification, but many of the variables collected by the questionnaire can give us a 

clearer picture of the framework in which the sample population made their choices.  

 

Men have responded in a slightly lower extent than women, but the ratio of 

respondents is almost 50/50. The ratio of private/state employees in the responding 

population is approximately 43/54, showing the answers seem to be evenly distributed 

compared to the population receiving the survey. The respondents have an estimated 

mean of 1.3 cars in the household and the average distance to work is 10.8 km, a quite 
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large distance. However, the standard deviation is high, and the values vary between a 

minimum of 0.1 km and 210 km. The variation between the numbers of children 

among the respondents is also large, where the average number of children under 18 

in a household is 0.96 with a standard deviation of 1.06. Almost half of the 

respondents, 48 percent, of the respondents stated that they do not have any children 

under 18 in their household. A more detailed description of the population 

characteristics can be found in Appendix 2. 

 

Respondents estimated their average cost of a work trip to SEK 40. However, the 

value varies with a standard deviation of 187.5, something that implies there might be 

outliers skewing the result. After a trimming of outliers (where one approximation of 

SEK 4000 was found) the standard deviation is reduced to 47. This gives an estimate 

of the average work trip cost of SEK 30. This is spread out over a wide range of 

transport modes however, and cannot be estimated as an in-vehicle cost to be 

compared to the alternatives attributes. The respondents are also asked to state what 

they believe the parking price for staying 8 hours in Umeå city centre a regular 

weekday to be. The results show that on the average, parking price is expected to be 

SEK 83 with a standard deviation of 79.4.  

 

The age of the sample population is not as evenly distributed. The majority of the 

respondents, 48 percent falls in the interval 45-60 years. The percentage of 

respondents under the age of thirty-five barely make up more than a tenth compared 

to the percentage over forty-five that constitute almost two thirds of the sample. The 

income is evenly spread throughout the sample. It is reported as intervals of SEK  

100 000, measured as gross domestic income and includes wages, profits and taxable 

allowances the household faces.  

 

Respondents were also asked to rank four attributes that can influence choice of 

transport mode for commuting purposes. The attributes were price, travel time, 

environmental impact from travel mode and the ability to complete errands before and 

after work. Time was the factor ranked by most respondents as critical in deciding 

what transport mode to use for commuting. The ratings for environmental impact and 

the ability to complete errands were evenly distributed between the rankings of 
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“important to a lesser extent” and “important” while the majority ranked price as 

“important to a lesser extent”. 

 

The follow up on the duplicate question shows that 81 percent of the respondents 

chose the same answer in the duplicate scenario as they had done in the original 

scenario. This shows that the majority of respondents evaluated each scenario 

independently and the resulting data can be seen as a projection of the trade offs made 

between the alternative attributes. A full presentation of the socio economic 

characteristics can be seen in Appendix 2. 

 

4.2  Model specification 

The model was estimated using the Maximum Likelihood model (MLE) explained in 

section 3.1.1. The parameter estimates can be seen as the ! influencing the systematic 

element of utility, even though they cannot be interpreted intuitively. What can be 

understood from the sign is the effect the parameters have on the probability of the 

alternative being chosen, given that the attribute varies with one unit. The estimated 

model takes into account the alternative-specific attributes price and time and 

measures how the probability of a mode being chosen if these attributes would 

increase with one unit. The model is estimated with the category “other transport” as 

base alternative, why we need to understand the changes in probabilities as relative to 

this alternative. 

 
Table 2. Definition of variables in the model 

Variable Definition 
Price Three levels for each alternative 
Time Three levels for each alternative 
Sex 0 if male, 1 if female 
Income Measured in intervals of 100 000 SEK  
Children Measured as number of children under the age of 18 living in the household 
Distance Measured in kilometres between the home and place of work of the respondent 
Free parking 0 if No, 1 if Yes 

 

The socioeconomic variables included in the model describe the individual-specific 

characteristics identifying each respondent. Number of children, income and age has 

already been specified above. Sex is measured as a binary variable taking the value 0 

if the respondent is a man and 1 if the respondent is a woman. This parameter can be 
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understood as the change in probability of a mode being chosen if the responded is a 

woman instead of a man.  

 

Free parking is a variable telling us if the respondent have access to employer-paid 

parking at her place of work. The notion of “free” parking is questionable in Sweden 

since all such benefits must be taxed and therefore can affect the individuals 

differently depending on their taxable income. However, perceived free parking can 

still have an effect on the choices made by the individual why this attribute is 

included in the model. Since free parking is measured as a binary variable that take 

the value one if the individual have free parking at the place of employment, the 

parameters can be understood as the change in probability of choosing an alternative 

if the individual would have access to free parking compared to the situation where 

she does not. A full explanation of the variables in the model is shown in Table 2. 

 

The first model fitted to the data is an alternative specific conditional logit model. 

This model allows for the inclusion of attributes that are alternative specific and 

varies over observations, but can also incorporate the individual specific 

characteristics described by the socioeconomic factors. The parameters estimated 

from the conditional logit model shows expected signs of parameters and have small 

confidence intervals as well as high z-statistics, indicating that the parameters 

estimated are highly statistically significant. The parameter estimates of the 

alternative specific attributes price and time have negative values, indicating that the 

probability of choosing any given alternative will decrease if the value of the 

attributes is increased. In other words, as price goes up for any of the alternatives 

holding the prices of all other alternatives constant, the probability of that alternative 

being chosen is decreasing. 

  

Initially, the model is constrained by assumptions regarding the distribution of 

unobserved utility components through IIA. In order to be certain that the conditional 

mode is the optimal model for the data at hand these assumptions can be tested 

through statistical procedures. The test most commonly used is one developed by 

Hausman and McFadden (1984). The test investigates the difference in parameter 

estimates between a model fitted on all alternatives available and one with N-1 

alternatives. If IIA holds, the difference between the two models will be zero or 
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insignificantly different from zero, since the introduction or removal of one 

alternative will not significantly affect the probabilities of the alternatives being 

chosen. If the hypothesis of the Hausman-McFadden test is rejected, the standard logit 

model might have issues predicting sound parameter estimates and a nested logit 

model or a mixed logit model that relax the assumption of IIA can better fit the data 

(Louviere et al. 2000; Train 2009). The test results show that there are problems with 

the IIA assumption and the null hypothesis of zero difference between the model 

parameters are rejected. An alternative approach to estimation might be necessary and 

the data is also tested through a nested logit model to assure that the parameter 

estimates are stable even if the assumption of IIA is relaxed. 

 

The nested logit model partition the alternatives into sub groups, assuming that the 

systematic variation of the random utility term can be controlled for if the alternatives 

are divided so that the random utility is allowed to vary within each nest of 

alternatives but not between them. The partition is made between the choice of the car 

alternatives and the alternative of non-auto options, assuming that the choice of public 

transport, bike or walking is influenced by some unobserved attribute not included in 

the model. The choice of parking scenarios is thereby conditional on the first choice 

of auto transport alternative and the parameters are then estimated within this 

subgroup. The tree structure illustrating the nested logit model specification can be 

seen in Figure 1. 

 

 

 

 

 

 

 

   

Figure 1. Nested logit tree structure 

 

4.3  Model estimation 

The parameters from the nested logit model are compared to those of the conditional 

logit model to look for similarities between the estimates. The parameters change in 
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size but the significance is improved through the nested logit estimation. The signs of 

the parameters also stay the same within the two models with the exception of the 

effect of children on the combination alternative with public transport, which now 

takes on a positive value, and have becomes statistically significant. A comparison 

between the models pseudo R2 also suggest that the nested logit model is preferred to 

the conditional logit because it produces a higher value, even if the difference 

between the two values is vary small. A full presentation of the parameter estimates 

can be found in Appendix 2. 

	  
For the individual specific characteristics, the parameters are estimated for each 

alternative individually. The income of the respondent is positively correlated with the 

probability of choosing the alternatives presented. As an individuals income increases, 

the probability of choosing any of the car borne transport alternatives increase, 

relative to the probability of choosing some other means of transport, as that is our 

base alternative. The income parameter is statistically significant for all parking 

options and has a higher value for parking close to work and parking at a distance 

with change to public transport, indicating that these probability of choosing these 

alternatives are more affected by a change in income. Sex is negatively correlated 

with the probability of choosing car alternatives. As sex is a binary variable taking the 

value zero if the respondent is a man and one if it is a woman, the parameter estimate 

suggest that a woman are less likely to choose any of the car alternatives relative to a 

man. The effect of sex on probability of choice is highest for the alternative of parking 

close to work and parking at a distance with a change to bicycle. The positive 

parameter for the variable distance implies that as the distance between the 

respondent’s home and place of work is increased, so is the probability to choose the 

car options compared to some other transport alternative. The number of children 

(household members under the age of 18) will affect the probability of choice 

positively for all alternatives except the option with public transport. This alternative 

is negatively affected but the effect is not statistically significant. If a respondent have 

children living at home he will be more likely to choose any of the presented car 

alternatives relative to the base alternative of some other transport mode compared to 

a respondent who do not have any children in their household. The availability of free 

parking provided by the respondent’s place of work has a positive influence on the 

choice probability for almost all alternatives. As can be expected, the influence is 
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largest for the alternative with close parking. The choice of parking at a distance and 

changing to public transport will be negatively influenced by the presence of free 

parking. A model also including the variable age was first fitted to the data but the 

variable is not included in the final model, as it showed no significant results. 

 
Table 3. Parameter estimates for both models 

Comparison of model estimates 

Variable Alternative Conditional logit Nested logit 
Price All -.0231892*** -.0078448*** 
Time All -.0849798 *** -.0245521*** 
Income  PDB .0167402  .0670897*** 
Income   PD .0424098* .0742257*** 
Income     PDPT .127854*** .0943323*** 
Income     PC .1241562*** .0946136*** 
Sex    PDB -.4810221*** -.4546588*** 
Sex    PD -.1474388* -.3710613*** 
Sex    PDPT -.0997902 -.3522611*** 
Sex   PC -.6605207*** -.5021237*** 
Children    PDB .330312 .2124468*** 
Children     PD .1981868*** .1708956*** 
Children     PDPT -.010577*** .1373099*** 
Children      PC .1280175*** .161115*** 
Distance   PDB .001619** .0017363*** 
Distance     PD .0027*** .0020193*** 
Distance     PDPT .0003162 .0007878 
Distance     PC .0011359 *   .0014146** 
Free parking PDB -.1636133* .1442472** 
Free parking PD .2613649*** .2406948*** 
Free parking PDPT .5142964*** .3211868*** 
Free parking PC .3525111*** .2725425*** 
Constant  PDB -1.318592*** -.858663*** 
Constant PD -.7331584*** -.4831474*** 
Constant PDPT -2.698831*** -1.331873*** 
Constant PC -.2207926*** -.5445397*** 

    Log likelihood value of full model -9298.5 -9251,9 

Log likelihood value of intercepts only model -9695.6 -9695,6 
Pseudo R2   0.043 0.048 

 

To test how well the models are fitted to the data the predicted probabilities calculated 

by the models can be compared to the actual share between the alternative choices. As 
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seen in Table 3, the models generate almost identical predictions. The comparison 

with actual choice shares shows some over-prediction, especially for the alternative if 

parking at a distance and changing to a rented bike but the overall coherence between 

the predictions and the actual shares is good.  

 
Table 4. Predicted probabilities for the five alternatives 

      Alternative    
  PC PD PDPT PDB O 

	   	   	   	   	   	  Predicted CL 0.2133 0.1027 0.02925 0.0765 0.578 

Predicted NL 0.2132 0.1027 0.02945 0.0764 0.578 

Value observed 0.2103 0.09967 0.02852 0.0736 0.5619 

 
	   	   

The parameter estimates indicate the direction of the impact from a shift in the 

alternative specific attributes and the individual specific characteristics, but gives no 

information about the magnitude of the impact. To calculate the effect of an increase 

of a certain amount on price of parking on the probability of an individual to choose 

that specific alternative the estimation of marginal effects is computed. The marginal 

effect can be viewed as the change in the probability of choosing an alternative with 

respect to a small shift of the mean value of one attribute level. 

 

The marginal values for the conditional logit can be calculated through routines used 

in statistical software, while the marginal effect of the nested logit model needs to be 

calculated manually. The marginal effects relevant to the question at hand are price 

and time, but marginal effects can also be calculated for all individual specific 

characteristics. When marginal effects are compared between the two models, the 

estimated ME’s from nested logit is very similar to those obtained from conditional 

logit. Even though the parameters differ in size between the models, the impact of 

each attribute on the actual choice seems to have a small variation, and it is possible 

to use the test statistics and confidence intervals from the marginal effects derived 

from the conditional model to make assumptions about the statistical significance of 

the marginal effects from the nested logit. All marginal effects for the alternative 

specific attributes are significant on a confidence level of 99 percent and have small 

confidence intervals. The marginal effects from the nested logit model show a slightly 
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larger standard deviation. The marginal effects from the conditional logit can also be 

used to evaluate the shifts between the alternatives as the level of an attribute change. 

When probability of choosing one alternative is decreased because of alterations in 

the attribute level, the probability of some other alternative being chosen will 

increase. The idea is that the probability of all alternatives must sum to one, since at 

least one choice must be made in every scenario. If the probability of one alternative 

being chosen is altered, the difference must be drawn from, or added to, some other 

alternative in the choice set. Table 5 shows the marginal effects for all alternatives 

conditional on changes in one specific attribute for one specific alternative.  

 
Table 5. Marginal effects and elasticities 

Variable Alternative Marginal 
effect   Std. error Elasticity   

	   	  
CL NL CL CL NL 

Price PDB -0.00161 -0.00197 0.000128 -0.255 -0.3124 
Price PD -0.00207 -0.0024 0.000161 -0.2040 -0.2367 
Price PDPT -0.0006 -0.000862 - -0.45 -0.60 
Price PC -0.0037 -0.0035 0.000253 -0.9 -0.85 
Time PDB -0.0058 -0.00616 0.000548 -0.5495 -0.149 
Time PD -0.0076 -0.00754 0.00065 -1.14 -1.13 
Time PDPT -0.0024 -0.00269 - -0.59 -0.66 
Time PC -0.013 -0.011 0.001186 -0.209 -0.167 

 

The marginal effects can also be used to calculate the elasticities of the attributes. The 

elasticities of attributes is evaluated at the mean of each alternative specific attribute 

and measures the percentage point change in probability to a percentage point change 

of the value of the attribute.  

 
Table 6. Marginal effects across alternatives 

    PDB PD PDPT PC Other 
PDB Price -.001609 .000173  .00005  .000349 .001038 

 
Time -.005894 .000633 .000183 .001277 .003802 

PD Price .000173 -.002076 .000066 .000462 .001375 

 
Time .000633  -.007605 .000243 .001692 .005038 

PDPT Price .00005 .000066 -.000648  .000134 .000398 

 
Time .000183 .000243 -.002372 .00049 .001457  

PC Price .000349  .000462 .000134 -.003719 .002775 
  Time .001277 .001692 .00049 -.013624 .010165 
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As shown in Table 5, the elasticity estimates differ between the models. The nested 

logit model gives higher elasticities for all alternatives except the price and time 

elasticity for parking close to work. The time elasticity of parking at a distance is also 

slightly smaller in the nested logit estimation compared to the conditional logit. The 

elasticities are interpreted as an alternation of the value of one attribute with one 

percent will cause a proportional percentage change of the elasticity estimate in the 

probability of choosing an alternative, ceteris paribus. A one percentage increase of 

the parking cost for the alternative of parking close to work will cause a 0.85 percent 

lower probability of that alternative being chosen compared to all the other 

alternatives. However, the change in probability is measured as the percentage change 

in probability. The probability of parking close to work is calculated as 0.20 by the 

model, meaning that the actual change in probability is 0.17 percent.  

 

5.  Simulations and Discussion 
Estimations calculated from the model express time as being of relatively larger 

importance than price for the choice of parking mode. This is evidence that as 

individuals compare alternatives, the time factor seems to be assigned a larger weight 

than price. This is consistent with the findings of some previous research (Feeney 

1989) measuring the out of vehicle time as more important than in-vehicle time and to 

some extent more important than price. However, some of the estimated elasticities 

for price and time are much higher than previous studies suggest. This is particularly 

evident if we compare previous estimates of -0.3 with the price elasticity for parking 

close to work of -0.85 and the time influence on parking at a distance from work of  

-1.13. The results are consistent within the marginal effects from both models as well 

as the elasticities, except for the alternative of parking close to work.  

 

As seen in the result, the own-price elasticity and effect is negative for all alternatives, 

consistent with theory (an increase in price or time will negatively effect the 

probability of an individual choosing it) while the cross-price elasticity and effect is 

positive for all other alternatives. This suggests that the alternatives are substitutes to 

each other and enables us to examine the size of substitution between different 

parking alternatives as attributes change. 
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The elasticity measures how a percentage change in one attribute will affect the 

percentage change in probability of choice for one alternative, holding all the others 

constant. This implies that if the size of the attribute value being examined is small, a 

percentage change will equally adopt a small sized value. In reality, the changes of 

interest for the policy maker can differ substantially from the changes allowed in the 

elasticity analysis. The alternative discussed before, parking close to work, has a 

mean value for the time attribute of three minutes. This cause the change in the 

attribute value to be as small 1.8 seconds if we increase it by 1%. On the other hand, 

the mean value of the price attribute for this alternative is 49 SEK meaning that a one-

percentage change in this attribute equals an actual change of 0.49 SEK. The relative 

impact of 1.8 seconds compared to 0.49 SEK can be one of the reasons why the 

impact of price is higher than the impact of time for this alternative, in contrast to the 

others.  

 

Elasticities are useful in theoretical comparisons and can also be a good measure 

when comparing the alternatives against each other. But if a policy maker wanted to 

look at a larger change in the price of central parking such as an increase of 30 SEK, 

it would correspond to a change of the mean value by more than 61 percent. Given the 

limits of point elasticities this is not possible, why some other instrument is needed 

for the estimation. The marginal effects have an advantage over the elasticities in a 

practical sense, since they are measured as absolute changes in probability given a 

one-unit change in the influencing factor. 

 

As it seems, the result from marginal effects is larger than the change in time, 

suggesting that individuals who choose to close in the near proximity of their 

workplace are more sensitive to changes in parking prices than to changes in the 

distance. On the contrary, the individuals who choose to park at a distance are more 

sensitive to changes in the time attribute relative to changes in the price. Returning to 

the example above, using marginal elasticities as the estimation method, an increase 

in the price of central parking by 30 SEK would be seen as an increase of 30 units. 

The corresponding change in probability is equal to the marginal effect for close 

parking times the number of unit change in price, resulting in a value of -0.11.  This 

suggests that if the price of parking close to work is increased by 30 SEK, the change 

in probability of choosing this alternative will be 11 percent, assuming all other 
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alternatives are held constant. The change in probability is equal to a scenario where 

11 out of 100 people chose some other parking alternative or transport alternative for 

their journey to work, and the change in probability will be distributed among the 

other alternatives. When the price increase, probabilities for all other alternatives 

increase. The change of 30 SEK will most significantly change the probability of the 

non-auto alternative with an increase of 8.3 percent. The percentage change in parking 

at a distance with walking access or a change to bicycle or bus will change 1.3, 1.0 

and 0.4 percent respectively.  

 

It should be noted that the marginal effects for cross comparisons is based on the 

result from the conditional logit model. As previous test showed, the nested logit is 

not the most favoured of the two models estimated, but the calculation of cross-

sectional marginal effects was not feasible from the estimates produced by nested 

logit. However, as seen in Table 5, the direct marginal effects are similar between the 

models and the use of cross-alternative marginal effects form the nested logit should 

not be a problem. The uncertainty of the model estimations is also need to be taken 

into consideration when discussing the applicability of the results. As seen in Table 5, 

the standard deviations for the marginal effects of price on parking close to work is 

0.000253. Given a 95 % confidence interval the marginal effect could lie somewhere 

between -0.004208 and -0.003218, suggesting that the effect of an increase in price of 

30 SEK could alter the probability by some value between 12.6 and 9.7 percent.  

 

As the sample population seems to put more weight on the time aspect of each 

alternative, the same simulation as for price can be done on the time attribute to 

evaluate the possible effects. Assume that a policy maker was interested in evaluating 

the effect of a re-location of a central parking facility, causing the mean walk time to 

increase with five minutes for a person who choose to park close to work. This would 

correspond to a 160 percent increase from the mean value of the time attribute, an 

increase beyond the possible range of elasticity estimation. The marginal effect of the 

time attribute for this alternative suggest that the probability response due to the 

change will be 6.8 percent, i.e. 5 out of 100 people will choose a different alternative 

for their commuter trip. The alternative influenced most by a change in time 

expenditure is once again the non-auto alternative that will have the largest change in 

probability, 5 percent. 
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The non-auto alternative is the alternative being influenced most by changes in the all 

of the parking alternatives attributes. The alternative of parking close to work is the 

option that is second most influenced by changes in price and time of other 

alternatives. Parking at a distance and walking as well as parking and changing to a 

rented bicycle does often have similar effects from changes in attributes of other 

alternatives, while the parking option with an accompanying change to bus is the 

alternative that is least influenced by the changes.  

 

If the effect of a change in the attributes of the alternative with bicycle were to be 

evaluated, the perspective could be changed as to see how individuals could be 

encouraged to choose the alternative. A 5 SEK decrease in price would cause the 

probability of the alternative being chosen to increase by 0.8 percent. If a policy 

maker were able to decrease the time needed for travelling the final distance to work 

by 5 minutes, the increase in probability would be 2.9 percent. This is an illustrative 

example of how the time attribute seems to be of higher proportional value to the 

individuals, indicating that a policy maker with a goal of increasing the share of cars 

parked outside of the city centre relative to the cars parked inside would benefit from 

focusing on the time aspect rather than price. These results go well in hand with the 

indications given by the ranking of factors influencing the choice of travel mode. The 

significance of time was in a far greater extent chosen as crucial for the mode choice 

relative to factors such as price and environmental friendliness. Table 7 presents a 

more detailed presentation of the distribution in changed probability caused by 

increases in the time and price attributes. If the proposed change is a decrease rather 

than an increase, a positive value would become negative and a negative positive. 

 
Table 7. Changes in probability due to a 5 SEK price increase and a 5 minute time increase respectively 
for the alternatives Central parking and Parking at a distance with access to bike, calculated from 
marginal effects. 

Attribute 
changed Alternative PC PD PDB PDPT Other 

Price PC -.018595 .00231 .001745 .00067 .013875 

Price PDB .001745 .000865 .008045 .00025 .00519 

Time PC .06812 .00846 .006385 .00245 .050825 

Time PDB .006385 .003165 -.02947 .000915 .01901 
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The generality of the results in this study can be somewhat compromised by the fact 

that Umeå has a set of specific characteristics such as a well developed biking culture 

that might influence the choice probabilities. The fact that a large proportion of 

commuters live at a far distance from their place of work also limits the possibilities 

of changing commuting mode. The factors described above are not unique for Umeå 

but can describe many of the middle-sized cities in Sweden. Umeå also has a 

relatively bicycle-friendly population, the stated share of bicycle-commuters is 13%, a 

number much higher than the average share in surrounding municipalities 

(Länsstyrelsen Västernorrland, 2009). This could be used as an explanation to why the 

park-and-bike alternative is preferred over parking with public transport connection. 

If the respondents perceive Umeå as well developed in terms of bicycle lanes and 

bicycle parking, it can be believed to be an alternative with better accessibility, even if 

the time attribute in the scenario states something else. As time seems to be an 

important factor in parking choice, the unobserved effect of the labelling of 

alternatives could be influencing choice in this way. 

 

An interesting point can be made about the relationship between parking policy and 

policy for other transport modes. This study make assumptions about prices for public 

transport and renting bikes as well as the time needed to travel a certain distance and 

use them in the calculation of some attributes. Changes in these attributes can be seen 

as an effect of the changes in non-auto transport mode characteristics. The result 

indicates how parking price and location coupled with investments in public transport 

and bicycle could have profound impact on the choice of transport for commuters in 

Umeå. This finding is consistent with the idea underlined by Marsden (2006) that the 

evaluation of parking policy is not to be understood as an isolated effect but a 

combination of preferences in the population and the characteristics of surrounding 

alternatives. 

 

6. Conclusions 
The results from this study suggest that time serves as a more influencing factor when 

it comes to both parking choice and mode choice. This is a result in line with some 

previous empirical findings and provides a robust foundation for designing practical 
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policy. The estimated responsiveness of changes in parking price shows a significant 

relocation from auto alternatives to other travel modes such as public transport. If the 

price change is levied on parking in central locations, parkers will relocate to 

parking’s outside of the city centre.  

 

Policy makers who are able to increase the effectiveness of such alternatives, thereby 

reducing the time spent between parking location and the final destination can expect 

an increase in individuals choosing the target alternative and a decrease in all other 

alternatives, an effect that will be of greater impact than if changes in price are used 

as the policy tool. This points to the conclusion that a policy maker wanting to 

increase the share of individuals using non-central parking locations, public transport 

or other transport modes should focus on minimizing the time consumed out-of-

vehicle. A policy maker could also highlight the time saving advantages for these 

alternatives such as the minimized time spent on searching for available parking 

spaces, a common problem at central parking locations. Applied on the situation in 

Umeå, the system of park-and-bike will have a greater probability of success if the 

city planners focus on designing it with the time efficiency as the primary goal. 

 

In the end, a realistic policy to change parking and travel behaviours need to account 

for the possibilities at hand. In reality, the location of central parking facilities can be 

difficult for policy makers to change. Parking facilities in central city districts is also 

needed for other drivers, apart from commuters, such as shoppers and tourists. This 

makes the possibility to change the attribute of time for individuals, given their 

location of work and available parking facilities, relatively small. A policy better 

suited for central parking can be focused on price rather than time, despite the fact 

that the sensitivity for time is higher. However, if small changes are made, the 

estimate of elasticities tells us that price could change parking behaviour significantly 

more, relative to time.  
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Appendix 1. 

Presentation of parameter estimates 

Conditional Logit Model 

Variable  Alternative Coefficient estimate z-value P>z 
Price All -.0231892  -14.36 0.000*** 
Time All -.0849798  -11.68 0.000*** 
Income PDB .0167402  0.051 0,323 
Income PD .0424098 2.11 0.035** 
Income PDPT .127854 0.167 0.000*** 
Income PC .1241562  8.02 0.000*** 
Sex PDB -.4810221   -5.51 0.000*** 
Sex PD -.1474388  -1.92 0.055* 
Sex PDPT -.0997902 -0.74 0,318 
Sex PC -.6605207 -11.17 0.000*** 
Children PDB .330312  0.384 0.000*** 
Children PD .1981868  0,259 0.000*** 
Children PDPT -.0105767  -0.16 0,604 
Children PC .1280175   0.219 0.000*** 
Distance PDB .001619 02.07 0.039** 
Distance PD .0027  04.28 0.000*** 
Distance PDPT .0003162   .0017973 00.18 0,597 
Distance PC .0011359    0.0951 0.076* 
Free parking PDB -.1636133  -1.76 0.078* 
Free parking PD .2613649 03.33 0.001*** 
Free parking PDPT .5142964  0.1805 0.000*** 
Free parking PC .3525111 0,272 0.000*** 
Constant PDB -1.318592  -9.16 0.000*** 
Constant PD -.7331584 -4.63 0.000*** 
Constant PDPT -2.698831 -11.77 0.000*** 
Constant PC -.2207926 -1.84 0.065* 

     Log likelihood for full model -9298.5 
  Log likelihood for intercepts only model -9695.6 
  Pseudo R2 

 
0.048 

  Likelihood ratio test value 794.18 
 

0.000*** 

     Hausman McFadden test value       
Table 7. Parameter estimates of the Conditional Logit model. 
 
***= significant on 99 percent confidence level 
**=significant on 95 percent confidence level 
*= significant on 90 percent confidence level 
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Nested Logit Model 

Variable Alternative 
Coefficient 
estimate z P>z 

Price All -.0078448 -3.27 0.001*** 
Time All -.0245521 -3.17 0.002*** 
Income  PDB .0670897 4.71 0.000*** 
Income   PD .0742257 5.61 0.000*** 
Income     PDPT .0943323 6.27 0.000*** 
Income     PC .0946136 7.40 0.000*** 
Sex    PDB -.4546588 -9.12 0.000*** 
Sex    PD -.3710613 -6.88 0.000*** 
Sex    PDPT -.3522611 -5.60 0.000*** 
Sex   PC -.5021237 -10.04 0.000*** 
Children    PDB .2124468 7.88 0.000*** 
Children     PD .1708956 7.32 0.000*** 
Children     PDPT .1373099 4.68 0.000*** 
Children      PC .161115 7.05 0.000*** 
Distance   PDB .0017363 3.12 0.002*** 
Distance     PD .0020193 3.66 0.000*** 
Distance     PDPT .0007878 0.83 0,281 
Distance     PC .0014146 2.58 0.010** 
Free parking PDB .1442472 2.38 0.017** 
Free parking PD .2406948 4.77 0.000*** 
Free parking PDPT .3211868 5.19 0.000*** 
Free parking PC .2725425 5.51 0.000*** 
Constant PDB -.858663 -5.89 0.000*** 
Constant PD -.4831474 -3.08 0.002*** 
Constant PDPT -1.331873 -5.39 0.000*** 
Constant PC -.5445397 -3.78 0.000*** 

     Log likelihood value for full 
model -9251,9 

  

 

Log likelihood value for 
intercepts only model -9695,6 

  

 

Psuedo R2 
 

0.048 
            

Table 8. Parameter estimates of the Nested Logit model. 
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Appendix 2 

Descriptive of sample population 

 
	   	   	   	  

Attributes Not important at 
all 

Important to a lesser 
extent Important Crucial 

Price 19,50% 60,00% 25,50% 4,00% 
Ability to complete 
errands 14,50% 38,70% 34,70% 12,00% 

Travel time 3,20% 15,90% 54,10% 26,60% 
Environmental impact 6,90% 42,80% 41,30% 8,90% 

Table 9. Percentage of respondent who ranked characteristics of mode characteristics 
 
  Age 

18-24 years 0,22% 

25-34 10,21% 
35-44 28% 
45-60 48% 
> 60 13,46% 
Table 10. Age description of sample population 
 

Income 

< 100 000  0,22% 

100 000- 199 999  1,64% 
200 000- 299 999  9,17% 
300 000- 399 999  19% 
400 000- 499 999  16,48% 
500 000- 599 999  14,41% 
600 000- 699 999  12,88% 
>700 000 18,23% 
Not stated 7,97% 

Table 11. Household yearly income in SEK 
 

  Mean value St. deviation 

Number of cars in household 01.03 0,04375 

Number of children 0.96* 01.06 
Distance home- work 10.28 km 17.31 km 
Approximated cost for parking in central Umeå 
(SEK) 80 39 

Average work trip cost (SEK) 40.77 187.53.00 
Table 12. Socioeconomic descriptive of sample population 
*48% of the respondents do not have children in their household. 
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Appendix 3. 

Calculation of the attribute base value 

 

The information used in calculation was retrieved from UPAB, the company 

responsible for parking facilities in Umeå, owned by the municipality. The average 

price for renting a parking space in the city centre of Umeå (parking facilities Nanna, 

Dragonen and Parketten) is 808 SEK. Assuming that a month consists of 20 

workdays, the average price of parking per day is 40 SEK. Allowing for some parkers 

to choose day passes having a mean price of 90 SEK, the base price of the alternative 

was 50 SEK.  

 

The average price of parking at locations outside of the city centre (parking facilities 

Dragonen exhibition hall, Umestan and parking outside of schools) is 208 SEK giving 

an average price of 10 SEK. 

 

The price for a public transport monthly ticket is 480 SEK for adults over the age of 

25 and 420 SEK for adults under the age of 25, equal to an average price of 450 SEK. 

Divided by 40 (20 working days and assuming it is a two-way trip to the parking 

location), the average price for a one-way trip is 11 SEK. This is added to the initial 

parking price of 10 SEK for a non-central parking location.  

 

To rent a bike the price for the period April 1– October 31 is 250 SEK. This gives a 

monthly price of 35 SEK and an average daily price of 2 SEK if we assume 20 

workdays per month. As for the public transport alternative, this price was added to 

the initial parking price for non-central parking location. 
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Appendix 4.  

The full questionnaire 

 
Arbetsresor i Umeå 
 
 
 
 
 
 
 
 
 
 
 
Denna enkät har utformats i samarbete med Be Green Umeå, tidigare 
Hållbart resande i Umeåregionen. Resultaten kommer att publiceras i en 
masteruppsats vid nationalekonomiska institutionen, Umeå universitet. Alla 
svar är anonyma och behandlas inte individuellt utan enbart som värden för 
stora grupper. 
 
Enkäten tar 3- 5 minuter att besvara och vi är mycket tacksamma för din hjälp! 
 
 
Information om dig som svarar 
 

1. Är du kvinna eller man? 
 

o Kvinna 
o Man 
o Annat 

 
2. Hur gammal är du? 

 
o under 18 år 
o 18-24 år 
o 25-34 år 
o 35-44 år 
o 45-60 år 
o Över 60 år 

 
3. Hur många personer under 18 år bor i ditt hushåll? 

 
 

4. Hur många bilar finns i ditt hushåll? 
 
 

5. Vilken är din hemkommun? 
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Information om din arbetsplats 
 

6. Ungefär hur långt avstånd (i km) är det från ditt hem till din 
arbetsplats? 

 
 

7. Har du tillgång till gratis parkering på din arbetsplats? 
 

o Ja 
o Nej 

 
 

8. Arbetar du inom privat, offentlig eller ideell sektor? 
 

o Offentlig 
o Privat 
o Ideell 

 
9. Ligger din arbetsplats inom det färglagda området på bilden, och i 

så fall i vilken del? 
 

o Centrumfyrkanten 
o Väst på stan 
o Öst på stan 
o Haga 
o Teg 
o Regementet 
o Min arbetsplats ligger utanför det färglagda området 

 
Information om dina arbetsresor 
 

10. På vilket sätt tar du dig vanligtvis till jobbet? 
Med vanligtvis menas det färdsätt som du använder minst tre dagar per 
vecka. 

 
o Bil (förare) 
o Bil (passagerare) 
o Kollektivtrafik (som kollektivtrafik räknas lokal- eller regionalbuss samt 

spårtrafik) 
o Cykel 
o Gång 
o Annat 

 
11. Hur mycket tror du att din genomsnittliga resa till jobbet kostar? 
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12. Faktorer som avgör resesätt till arbetet 

Vänligen ange hur de olika faktorerna påverkar dina val av färdsätt för resor 
till och från arbetet. 

 

Helt 
oviktigt 

Påverkar 
lite 

Påverkar 
mycket 

Helt 
avgörande 

Pris O O O O 

Hur snabbt jag 
kan ta mig till 
jobbet 

O O O O 

Hur enkelt det är 
att genomföra 
ärenden på 
hemvägen 

O O O O 

Att färdsättet tar 
hänsyn till miljön O O O O 

 
 

13. Hur mycket tror du att det i genomsnitt kostar att parkera en dag 
(8 timmar på en vardag) i centrala Umeå? 

 
 
Parkeringsscenarion 
 
I följande avsnitt kommer tio stycken scenarion att presenteras.  
Varje enskilt scenario beskriver en situation med fyra olika alternativ till 
parkeringsmöjligheter. Alternativen innehåller information om pris och hur lång 
tid det tar att ta sig från parkeringen till arbetsplatsen. 

 
Informationen varierar i varje scenario och vi ber dig därför att noggrant 
studera de olika alternativen och jämföra dem med varandra. Välj sedan det 
alternativ som 
du skulle 
föredra att 
använda för 
din resa till 
jobbet. 
 
Exempel 
Under varje 
alternativ finns 
angivet pris 
samt tid från 
parkering till 
arbetsplatsen. 
Välj det 
alternativ som 
du föredrar utifrån informationen för varje alternativ. 
 
 



	  
48	  

 
14.  Scenario 1 

 

 
 

Givet priser och avstånd till din arbetsplats, vilket av alternativen 
ovan skulle du föredra som din dagliga resa till jobbet? 

 
o Jag kör bil och parkerar nära min arbetsplats. 
o Jag kör bil och parkerar en bit från min arbetsplats. 
o Jag kör bil och parkerar en bit från min arbetsplats där jag byter 

till kollektivtrafik 
o Jag kör bil och parkerar en bit från min arbetsplats där jag byter 

till cykel. 
o Jag väljer inget av alternativen utan reser till jobbet med 

kollektivtrafik cykel eller gång. 
 

15. -24. Scenario 2-10 
 

16.  Information om disponibel inkomst 
 
Vi kommer nu ställa en fråga om din nuvarande inkomst. Denna fråga ställer 
vi eftersom inkomsten ofta har stor betydelse för val av färdsätt. 
Informationen kommer bara att användas som värden för stora grupper. Den 
information som lämnas är här är helt anonym och är sekretesskyddad. 

 
Ungefär hur stor inkomst (efter skatt) har ditt hushåll per år? 
Med disponibel inkomst menas summan av alla skattepliktiga och skattefria 
inkomster (inklusive bidrag) minus skatter. 

 
o Under 100 000 kr 
o 100 000- 199 999 kr 
o 200 000- 299 999 kr 
o 300 000- 399 999 kr 
o 400 000- 499 999 kr 
o 500 000- 599 999 kr 
o 600 000- 699 999 kr 
o Över 700 000 kr 
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o Vill inte uppge inkomst. 
17. Här får du gärna lämna synpunkter på undersökningen eller 

kommentarer om något annat som du kommit att tänka på medan 
du svarat på enkäten. 
Tycker du till exempel att det var någon fråga som fattades, eller har du 
synpunkter eller förslag på hur parkeringar, kollektivtrafik eller gång- 
och cykelvägar i Umeå kommun kan förbättras? 
 

 
 

Tack för din hjälp! 
 

Ditt svar är registrerat. 
 

Om du har frågor eller synpunkter på undersökningen kan du vända dig 
till: 

 
Be Green Umeå: info@begreenumea.se 
Astrid Ekelund: asek0003@student.umu.se 
Magnus Wikström: magnus.wikstrom@econ.umu.se 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


