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ABSTRACT11

This study develops a national car ownership model for Belgium, addressing the significant fac-12

tors influencing household vehicle ownership across various built densities. Using the multinomial13

logistic regression model and the MONITOR travel survey data from 2016-2017, socio-economic14

and demographic factors, residential characteristics, mobility resources, and public transport acces-15

sibility were examined. Higher income and larger household size strongly correlate with increased16

car ownership, particularly in Flanders. In contrast, subscriptions to shared mobility services and17

proximity to train stations reduce the likelihood of owning multiple cars. The results emphasize18

the importance of regional policies and sustainable transportation options in managing vehicle19

demand. This study provides valuable insights for policymakers and urban planners to promote20

ecological mobility and reduce car dependency, offering a basis for research in other high-density,21

car-centric regions.22
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PRACTICAL APPLICATIONS23

Understanding the factors influencing household car ownership is crucial to addressing the24

environmental, social, and economic challenges of high private vehicle dependency. This study25

highlights the socio-economic and residential location attributes that drive car ownership in Bel-26

gium. The findings reveal that higher-income households, especially those living in semi-urban27

areas of Flanders and Wallonia, are more likely to own multiple cars than those living in Brussels28

or main urban areas. Households not engaging with shared mobility services also tend to own more29

cars. These findings emphasize the need for targeted measures that discourage car ownership, such30

as improving shared mobility services and expanding public transport in semi-urban regions. Ad-31

dressing income and regional differences can help design mobility strategies tailored to the unique32

challenges of different areas. By applying these insights, stakeholders can promote energy-efficient33

and sustainable mobility options to reduce the environmental impact of private car usage.34

INTRODUCTION35

The global rise in private car ownership poses significant environmental, social, and economic36

challenges (Sinha 2003; Aschkenazi et al. 2012; Liu et al. 2014; Zhang et al. 2018). This trend,37

exacerbated by the COVID-19 pandemic, has reversed urban transport emission reductions and38

increased car use among socio-economic groups previously less reliant on private vehicles (Vega-39

Gonzalo et al. 2023). Private vehicle reliance contributes to GHG emissions, congestion, health40

issues, social inequalities, and excessive land consumption for parking, highlighting the need to41

understand household car ownership patterns for sustainable mobility planning (Nematchoua et al.42

2020).43

Household car ownership is influenced by socio-economic characteristics, residential loca-44

tion attributes, mobility resources, and psychological factors (Wedagama 2009; Potoglou and45

Kanaroglou 2008; Oyedepo et al. 2017). However, existing literature often presents contested46

findings, especially for rural areas. For example, Dargay (2002) found that rural car ownership47

is less related to vehicle costs than urban ownership. Similarly, Christie and Fone (2003) showed48

car ownership to be a poor indicator of social deprivation in sparsely populated areas of Wales.49
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Conversely, Zhao and Bai (2019) highlighted higher household income as a key determinant of50

car ownership in both urban and rural households. Such inconsistencies underscore the need for a51

comprehensive approach that accounts for variations in urban, semi-urban, and rural contexts.52

While much research focuses on urban (Anowar 2015) or rural environments (Ao et al. 2019),53

limited studies integrate high-density regions with contrasting mobility policies. Furthermore,54

many omit variables like shared mobility subscriptions and lack robust comparisons of modeling55

techniques (Jochem et al. 2020; Cui et al. 2018).56

This study addresses these gaps by developing a national car ownership model for Belgium, a57

country with diverse urbanization and mobility policies (Statbel 2023). Using multinomial logistic58

regression, we examine how built density, socio-economic factors, and shared mobility influence59

car ownership. Car ownership models are vital tools for transport and urban planning. They help60

reduce private car numbers to mitigate environmental, social, and economic issues (Cirillo and61

Liu 2013; Alberti et al. 2019). Unlike prior research, this study incorporates car-sharing and bike-62

sharing services, which increasingly disrupt traditional vehicle ownership models (Maltha et al.63

2017; Oyedepo et al. 2017). Belgium’s regional diversity and car-centric culture offer a valuable64

case study for understanding car ownership in other high-density contexts (Sluismans et al. 2019).65

This research contributes to the literature by (i) resolving contested findings on rural car own-66

ership by analyzing built density variations, (ii) introducing shared mobility as a key determinant,67

(iii) emphasizing regional diversity’s role in ownership patterns, and (iv) comparing modeling tech-68

niques to identify robust predictive frameworks. These insights support policymakers in advancing69

sustainable and inclusive transport solutions.70

LITERATURE REVIEW71

Numerous studies explore household car ownership, but regional variations limit the applica-72

bility of a universal framework (Wedagama 2009). This review examines variables influencing73

household car ownership decisions at a disaggregated level, categorized into (i) socio-economic74

factors, (ii) residential location attributes, (iii) availability of mobility resources, (iv) psychological75

factors, and (v) other factors.76
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Socio-Economic Factors77

Socio-economic characteristics such as income, household composition, age, education, and78

employment status are consistently identified as key determinants of household car ownership (Chu79

2002; Potoglou and Kanaroglou 2008; Wong and Lin 2011; Soltani 2017; Cui et al. 2018; Yao80

et al. 2022; Schmid et al. 2023; Sefriyadi et al. 2023). Higher household income strongly correlates81

with increased car ownership (Potoglou and Kanaroglou 2008; Wong and Lin 2011; Clark et al.82

2016; Shen et al. 2016; Oyedepo et al. 2017; Klein et al. 2023), while factors like off-street parking83

and local dwelling densities amplify this relationship (De Gruyter et al. 2024). However, income84

effects often intersect with other socio-economic factors like employment and education (Prillwitz85

et al. 2006; Potoglou and Kanaroglou 2008) and, more generally, with other factors such as cultural86

values and public transport perceptions(Bodunrin and Mini 2024).87

Household composition further influences ownership. Larger households and those with mul-88

tiple adults tend to own more vehicles (Ryan and Han 1999; Maltha et al. 2017; Cui et al. 2018).89

Life stages and life events also matter (Manting 2014; Clark et al. 2016; Dilini et al. 2021; Li 2024).90

However, evolving trends show a shifting relationship between income and car ownership, with91

other factors, such as household size, becoming more significant (Maltha et al. 2017). Similarly,92

Nolan (2010) highlights the importance of permanent income and prior ownership as predictors,93

yet studies often lack longitudinal data to track these dynamics over time.94

While many studies examine socio-economic drivers of car ownership, significant gaps re-95

main. Research frequently overlooks how these factors interact (e.g., income with education or96

employment type) and vary across urban, semi-urban, and rural contexts. Furthermore, few stud-97

ies explore how evolving mobility trends, such as shared mobility adoption, influence traditional98

socio-economic relationships with car ownership (Jochem et al. 2020; Cui et al. 2018). This study99

addresses these gaps by integrating shared mobility services and examining how socio-economic100

characteristics influence ownership across diverse Belgian regions.101
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Residential Location Attributes102

Residential location characteristics, including public transit accessibility and population den-103

sity, significantly influence private car ownership. Proximity to transit stations often reduces car104

dependence (Crampton 2006; Potoglou and Kanaroglou 2008; Anowar 2015; Holmgren 2020),105

particularly in high-density urban areas. For instance, households near subway or rail stations are106

less likely to own cars due to the availability of reliable alternatives (Woldeamanuel et al. 2009;107

Ding and Cao 2019). However, car ownership remains higher in suburban, low-density areas where108

public transit options are limited (Wong and Lin 2011). Access to urban services, such as shops109

and recreational facilities, further decreases the need for private vehicles (Pan et al. 2013; Shen110

et al. 2016).111

High residential density generally correlates with lower car ownership (Hess 2002; Li et al.112

2010; Karjalainen et al. 2023). However, this relationship is not universal; in overcrowded areas113

with inadequate transit infrastructure, such as Manila, car ownership remains prevalent (Rith et al.114

2019). Furthermore, Zhang et al. (2021) found that densification of low-density areas reduces car115

ownership, but over-densification can negate these effects. Similar to residential density, proximity116

to city centers is linked to lower car ownership (Karjalainen et al. 2023; Berrill et al. 2024).117

Additional factors influencing car ownership include parking availability, road network capacity,118

and access to local amenities. Difficulty in finding parking reduces car ownership, (Guo 2013;119

Christiansen et al. 2017; Yin et al. 2018; Albalate and Gragera 2020). Private parking availability,120

such as garages and driveways, significantly increases the likelihood of car ownership (Christiansen121

et al. 2017; Yin et al. 2018; Albalate and Gragera 2020). Neighborhood crime risk (Sugiyama122

et al. 2009), slower vehicle speeds, and proximity to job centers (Holtzclaw et al. 2002) also play123

important roles.124

Although many studies emphasize public transit accessibility as a determinant, they often neglect125

how this interacts with socio-economic differences, such as household composition, income, or the126

presence of children (Fairhurst 1975; Guerra 2015; Mulalic and Rouwendal 2020). Additionally,127

gaps remain in understanding how residential characteristics in semi-urban and rural areas influence128
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ownership patterns, particularly in the context of growing shared mobility options. This study129

addresses these gaps by examining how built density and transit accessibility interact with socio-130

economic factors in shaping car ownership across diverse Belgian regions.131

Mobility Resources Availability132

The availability of alternative transportation options, such as bicycles, e-bikes, motorcycles,133

or shared mobility services, significantly reduces household car ownership. For example, owning134

supplementary vehicles like bikes, e-bikes, or motorcycles correlates with fewer household cars135

Zhang et al. (2018). Similarly, a survey across 11 European cities found that a single car-sharing136

vehicle could replace up to 20 privately owned cards, demonstrating the transformative potential137

of shared mobility (Jochem et al. 2020).138

Mobility-as-a-Service (MaaS) adoption is influenced by socio-demographics and residential139

characteristics. For example, in Utrecht, proximity to train stations, age, gender, and income levels140

shape the willingness to adopt MaaS (Bahamonde-Birke et al. 2023). Similarly, in Norway, younger,141

single individuals in dense neighborhoods frequently use bike- and e-scooter-sharing, while families142

in transit-oriented neighborhoods prefer car-sharing (Mouratidis 2022). These profiles highlight143

how shared mobility services cater to distinct demographic needs.144

Despite these benefits, the impacts of shared mobility on car ownership remain underexplored.145

For instance, car-sharing services, more prevalent in high-density neighborhoods, can reduce146

ownership but may divert bus users rather than car owners (Ferrero et al. 2018). A notable trade-off147

exists between car ownership and public transport usage; as car ownership increases, bus ridership148

declines (Kuhnimhof et al. 2012). Additionally, bike-sharing services strongly influence ownership149

decisions; individuals using these services are more likely to sell their cars (Jochem et al. 2020).150

However, gaps persist in understanding shared mobility’s effects across diverse contexts, espe-151

cially in semi-urban and rural areas where such services are less established. This study contributes152

by analyzing how the availability of shared mobility options shapes car ownership patterns in Bel-153

gium’s urban and semi-urban regions, addressing the need for inclusive and sustainable transport154

strategies.155
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Psychological Factors156

Psychological factors, including beliefs, attitudes, and habits, strongly influence household car157

dependency (Fujii and Kitamura 2003). Car ownership often represents more than just functional158

mobility; it is associated with control, freedom, and status. Driving provides a sense of personal159

autonomy, and car ownership is often tied to societal ideals of success and self-expression (Diekstra160

and Kroon 1997; Yamamoto 2009). For example, in urban China, owning luxury cars enhances161

happiness by symbolizing economic success and social prestige (Li 2023). Similarly, in Indonesia,162

perceptions of comfort, efficiency, and status drive car ownership in cities like Jakarta and Surabaya163

(Sefriyadi et al. 2023). Emotional attachments to cars transcend economic considerations, as164

highlighted by Sheller (2004). For low-income households in Maryland and Virginia, subsidized165

car access has improved mobility, quality of life, and access to essential services, underscoring the166

tangible benefits of car ownership (Klein 2024).167

While environmental concerns encourage some households to shift toward electric or sustain-168

able transport modes (Beirão and Cabral 2007; Lieven et al. 2011), car-centric lifestyles remain169

entrenched due to symbolic and tangible utility (Wu et al. 1999; Li et al. 2010). Temporal depen-170

dencies further reinforce car ownership habits; households with cars are more likely to retain or171

increase ownership over time (Fujii and Kitamura 2003). Early exposure to car ownership fosters172

lasting norms and preferences, making behavioral change challenging (Clark 2012).173

Other Factors174

Household car ownership is influenced by factors beyond socio-demographics and the built175

environment, including fuel-efficiency policies, vehicle prices, and emerging technologies. Prefer-176

ences for vehicles offering higher engine performance and cost-effectiveness play a critical role in177

ownership decisions (Musti and Kockelman 2011; Bhat et al. 2009). For example, a 1% decline178

in vehicle prices corresponds to a 0.08% increase in car ownership in Chinese cities, while use179

restrictions lead to a 7.7% decrease (Yang et al. 2022). Similarly, fixed costs like insurance and180

maintenance impact ownership decisions more than variable costs such as fuel, as evidenced in the181

Netherlands (de Jong et al. 2009).182
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Policies promoting alternative fuel vehicles have shown limited impact on ownership levels,183

underscoring the complexity of shifting consumer behavior (Yang et al. 2022). However, rural areas184

present distinct dynamics. Greater car dependency and fewer transportation alternatives make fuel185

prices and vehicle costs less influential in rural settings compared to urban contexts (Dargay 2002;186

Pyddoke and Swärdh 2015). This study addresses these gaps by incorporating these factors into187

analyzing car ownership patterns in Belgium’s diverse regions, where urban, semi-urban, and rural188

dynamics coexist.189

METHODOLOGY190

Modeling Framework191

This paper addresses gaps in the literature by focusing on non-metropolitan contexts, which192

present distinct dynamics and challenges in household vehicle ownership. By adopting a broader193

perspective, it seeks to enhance our understanding of the factors influencing car ownership across194

varied urban and rural settings.195

To achieve this, we employ household-level disaggregated models to represent the range of196

car ownership (e.g., 0, 1, 2, 3, or more vehicles). Both ordinal and nominal discrete models are197

considered. The ordered logistic regression (ORL) model is a common approach, but it assumes198

parallel slopes, meaning coefficients are constant across levels of car ownership. If this assumption199

is violated, the ORL model may provide biased results (Cui et al. 2018). In such cases, the200

multinomial logit (MNL) model is more appropriate, offering flexibility by allowing alternative-201

specific effects for each car ownership level (Potoglou and Kanaroglou 2008; Bhat and Pulugurta202

1998). The MNL model is particularly suited for modeling car ownership as it avoids assumptions203

of ordinality, relying instead on a robust theoretical framework (Wong and Lin 2011).204

However, it is subject to the Independence of Irrelevant Alternatives (IIA) assumption, which205

states that the relative odds of choosing one alternative over another remain unaffected by the206

inclusion or exclusion of other alternatives, leading to biased estimates if violated. In our analysis,207

we carefully selected alternatives to minimize potential violations of this assumption. Additionally,208

the MNL model assumes that the explanatory variables are independent and that no omitted variable209
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biases exist. If relevant variables are omitted from the model, or if there are correlations among the210

explanatory variables, the estimates may be inconsistent. Finally, the MNL model does not account211

for unobserved heterogeneity among individuals, which could lead to potential biases in estimating212

the parameters. To address this, we conducted model diagnostics to validate the robustness of the213

findings obtained from the MNL model.214

While discrete choice models are commonly used in household vehicle ownership modeling,215

some studies have adopted count models to predict household vehicle ownership, considering216

that observed vehicle ownership levels are non-negative integers (Anowar 2015). The Poisson217

model is widely used among count models, assuming equal dispersion where the mean equals the218

variance. However, the equal-dispersion assumption does not always hold in practice, limiting the219

applicability of count data regression models for car ownership modeling (Anowar 2015).220

Based on our literature review of car ownership models, determining the best-fitting model221

(count, ordered response, or unordered response model) for our data remains unclear. Previous222

studies (Bhat and Pulugurta 1998; Potoglou and Kanaroglou 2008) argue that the MNL model223

outperforms the ORL model in modeling car ownership, but subsequent empirical studies suggest224

that the number of cars per household should be treated as a discrete and ordered variable. Interested225

readers can refer to Anowar (2015) for a detailed discussion on the advantages and limitations of226

ordered and unordered models for car ownership modeling.227

In light of these findings, our study investigates the suitability of three major modeling ap-228

proaches for car ownership: the unordered response model (MNL) (Bhat and Pulugurta 1998),229

the ordered response model (ORL) (Bhat and Pulugurta 1998), and the count model (Poisson)230

(Wedagama 2009). To determine the most appropriate model for our dataset, we implemented an231

ordered logit model using the polr function in the MASS package in R. While the model yields232

reasonable coefficients, it fails to meet the assumption of “parallel lines”, a frequent invalidation233

(Kim and Mokhtarian 2018). Our attempt to fit the count model (specifically, the Poisson model)234

also yielded a model that did not satisfy the assumption of equal dispersion. Consequently, we235

selected the multinomial logit (MNL) model as the fundamental model for this study.236
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To determine the most appropriate model for our dataset, we implemented an ordered logit237

model using the polr function in the MASS package in R. While the model yields reasonable238

coefficients, it fails to meet the assumption of “parallel lines,” a frequent invalidation (Kim and239

Mokhtarian 2018). Our attempt to fit the count model (specifically, the Poisson model) also yielded240

a model that did not satisfy the assumption of equal dispersion. Consequently, we selected the241

multinomial logit (MNL) model as the fundamental model for this study.242

Our selection of the multinomial logit model is based on the theoretical framework that em-243

phasizes the importance of discrete choice analysis in examining transportation-related decisions.244

Grounded in consumer behavior theory, this model allows us to capture the probabilistic nature245

of the decision-making process regarding car ownership. Through this modeling approach, we246

aim to analyze the complex relationships among variables such as income, household composition,247

and frequency of using the car as a driver in the context of household car ownership. Moreover,248

the MNL model holds significant importance for analyzing categorical data. It is well-suited for249

our research since the data is categorical, and the dependent variable consists of more than two250

categories.251

The MNL model assumes that each decision-maker will choose the alternative within the choices252

that maximize utility. For our car ownership model, let 𝑈𝑛 𝑗 represent the utility of individual 𝑛253

selecting alternative 𝑗 (where 𝑗 = 0, 1, or 2). In this context, 𝑗 = 0 corresponds to owning254

no vehicle, 𝑗 = 1 corresponds to owning one vehicle, and 𝑗 = 2 corresponds to owning two or255

more cars within the household. The utility function is assumed to have a linear form with both a256

deterministic component and a random component:257

𝑈𝑛 𝑗 = 𝑉𝑛 𝑗 + 𝜖𝑛 𝑗 , and 𝑉𝑛 𝑗 = 𝛼 𝑗 + 𝛽𝑛 𝑗𝑥𝑛 (1)258

Here, 𝑥𝑛 represents the vector of explanatory variables for individual 𝑛, 𝛼 𝑗 and 𝛽𝑛 𝑗 represent the259

vectors of parameters to be estimated, and 𝜖𝑛 𝑗 is the unobserved random variable in the utility260
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function (Wong and Lin 2011). The probability that household 𝑛 chooses alternative 𝑖 is given by:261

𝑃𝑛𝑖 = 𝑃(𝑈𝑛𝑖 > 𝑈𝑛 𝑗 ,∀ 𝑗 ≠ 𝑖) (2)262

The MNL assumes that the random variable 𝜖𝑛 𝑗 is independently and identically distributed and263

follows a Gumbel distribution such that264

𝑃𝑛𝑖 =
exp𝑉𝑛𝑖∑
𝑗 (exp𝑉𝑛 𝑗 )

(3)265

We employ the maximum likelihood approach to estimate the discrete choice model, utilizing the266

SAS9.4 software.267

Study Area and Data268

Belgium, with an average population density of 381 inhabitants per square kilometer (Statbel269

2023), is one of Europe’s most densely populated countries. It comprises the Brussels region, home270

to over 1.1 million residents, and the semi-urban regions of Flanders and Wallonia, which include271

medium-sized cities (e.g., Antwerp with 508,000 inhabitants and Ghent with 249,000) and rural272

areas (Chakraborty et al. 2022).273

This study uses data from the national online household travel survey (MONITOR) conducted274

in 2016–2017 (Federale Overheidsdienst Mobiliteit en Vervoer 2019) to develop a nationwide275

model of household car ownership. The data is augmented with urbanization metrics from Statbel276

(Statbel 2024a; Statbel 2024b), focusing on population density and the percentage of land used277

for commercial buildings due to the high correlation among urbanization indicators. The dataset278

also includes regional indicators to capture key differences in urbanization and public transport279

accessibility, such as proximity to bus/tram/metro stops and train stations.280

Variable selection was guided by prior research, intuitive reasoning, and data availability. Car281

ownership is defined as vehicles ready for private use, including company cars used outside work.282

Cases with missing values were excluded. The outcome variable categorizes households into three283

groups: 0, 1, and 2 or more cars, with the latter grouping necessary due to sample size limitations.284
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Descriptive statistics (Table 1) provide an overview of dependent and independent variables. To285

address the 22% of households that did not report income, a separate category (“INC_NA”) was286

created to account for missing values.287

RESULTS288

Model Performance289

The multinomial logit model was selected to develop the household car ownership model290

using the logistic procedure in SAS. The authors assessed the multicollinearity of all independent291

variables by calculating the variance inflation factor (VIF). All VIF values were below 5, indicating292

low multicollinearity. The proposed model assumed a homogeneous population and investigated293

the direct effects of socio-economic and built environment attributes on car ownership.294

The performance of the multinomial logit model was evaluated using various pseudo-R²-values295

(Table 2. The metrics provided by Cox and Snell, Nagelkerke, and McFadden support the validity296

and appropriateness of the model. These statistics are commonly used in logistic regression to297

assess how well the model fits the observed data.298

Table 3 compares the predicted and actual number of households possessing zero, one, and two299

or more cars. The model demonstrated an overall classification accuracy rate of 69.3% (= 3.2% +300

41.2%+24.9%), indicating the reliability of this multinomial regression model. The predictions for301

one car and two or more vehicles are more precise (respectively, 81.7% (= 41.2%/(1.3%+41.2%+302

7.9%)) and 64.7% (= 24.9(0.1% + 13.5% + 24.9%)), particularly the accuracy in predicting a303

single vehicle. However, the likelihood of accurately predicting zero vehicles is much lower304

(29.1% = 3.2%/(3.2% + 6.5% + 1.3%)). This discrepancy may stem from the relatively small305

sample size of households without cars compared to the other categories. Additionally, the category306

of one car takes precedence in the study. These accuracy results highlight the model’s reliability307

in addressing household car ownership across different categories. However, the relatively lower308

precision in predicting zero cars underscores the challenges of accurately modeling small subsets309

within the dataset.310
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Model Estimates311

The category of zero cars was chosen as the reference, and the probability of each category was312

compared to this reference. Table 4 presents the likelihood ratio test results, which examine the313

overall relationship between car ownership and each independent variable. These statistics serve as314

indicators for evaluating predictors that significantly contribute to predicting car ownership. The315

likelihood ratio tests identified employment status, age, income, household composition, driving316

license possession, and proximity to train stations as key predictors significantly influencing car317

ownership. Thus, from all the considered variables (as described in Table 1), only the season ticket318

for the train and the presence of a bus, tram or metro stop within 500m of the home were not319

included in the final model, as these variables were not significant at the 5% level of significance.320

The insignificance of proximity to bus stops may reflect the comprehensive nature of Belgium’s321

integrated public transportation system.322

The parameter estimates are provided in Table 5. Recall that these estimates are with respect323

to households without a car, and for categorical variables, the reference category is coded as zero.324

Note that the reference category is arbitrary, which means the significance of parameter estimates325

changes depending on the chosen reference category. Therefore, it is crucial to look at the type III326

likelihood ratio tests presented in Table 4 to determine whether a variable is significant.327

To illustrate the interpretation, consider the examples of age and blue-collar workers. For328

age, the odds that a household owns one car compared to not owning a car increases by 1.9%329

(exp(0.019) − 1) for each additional year the reference person in the household is older. The330

odds that a household owns two or more cars compared to not owning a car increases by 1.0%331

(exp(0.010) −1) for each additional year the reference person is older. For professional occupation,332

white-collar workers are the reference category. The parameter for the odds of having one car333

compared to not owning a car is not significantly different from zero (p-value = 0.455), indicating334

no significant difference between blue-collar and white-collar workers. However, the odds of335

owning two or more cars compared to not owning any cars are 41.6% (exp(−0.538) − 1) lower for336

blue-collar workers compared to white-collar workers.337
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DISCUSSION338

This section presents the results from the econometric approach to better understand the under-339

lying factors driving household vehicle ownership in Belgium.340

Socio-Economic Factors341

Self-employment emerges as a key factor influencing car ownership, with self-employed indi-342

viduals being more likely to own two or more cars compared to blue-collar workers. This trend343

aligns with studies highlighting higher car ownership rates among the self-employed, attributed to344

greater flexibility in work-related travel patterns and increased mobility needs (Cui et al. 2018).345

Conversely, professionally inactive individuals exhibit reduced mobility requirements, which cor-346

relates with a lower likelihood of owning multiple vehicles, a finding consistent with prior research347

linking employment type to varying levels of vehicle ownership (Potoglou and Kanaroglou 2008).348

Furthermore, white-collar workers are more likely to own a second car, reflecting their income349

levels and lifestyle demands (Kermanshah M 2001). In Belgium, additional factors, such as access350

to free or subsidized public transport, further shape car ownership trends, underscoring the nuanced351

relationship between professional occupation and mobility patterns.352

Households with lower levels of education are less likely to own two or more cars than those353

with higher education levels, which aligns with the study by Oyedepo et al. (2017). Furthermore,354

higher education not only correlates with higher income levels, which enable car ownership, but it355

also influences mobility choices through environmental awareness and attitudes toward sustainable356

transport (Flamm 2009). This duality underscores the complexity of education’s role in car357

ownership decisions. While households with higher education levels may own multiple vehicles,358

they are also more likely to adopt shared mobility services or public transport for specific travel359

purposes.360

Gender did not influence household vehicle ownership. However, previous studies suggest that361

gender roles in mobility decisions are evolving. Female household members increasingly influence362

car ownership decisions, reflecting broader changes in workforce participation and household363

dynamics. While gender was not statistically significant in this model, it remains an important364

14 Hosseinzadeh Bahreini, August 6, 2025



variable for future studies to explore (Basu and Ferreira 2020).365

Households with older members are more inclined to possess a car, as age increases the366

probability of having one car and two or more cars. Older individuals prefer the flexibility and367

independence provided by car ownership, especially in suburban or rural areas where public transit368

options may be limited. This aligns with findings that retired individuals rely heavily on cars to369

maintain their social and economic activities (Anowar 2015). Those without a driver’s license are370

less likely to own a car, aligning with intuitive expectations and existing literature (Potoglou and371

Kanaroglou 2008; Oyedepo et al. 2017).372

Larger households are more likely to have one car and even more likely to have two or more373

cars compared to not having a car. In contrast, households with children under 18 are less likely374

to have one or multiple cars. The presence of young children decreases the likelihood of owning375

more than one car. Research has indicated that having more children under 18 can impact the376

available funds for multiple vehicles (Soltani 2017). However, research has also shown that as377

the number of children increases, the likelihood of owning a car for transportation or childcare378

purposes increases (Wong and Lin 2011). As children grow older, the household’s mobility needs379

rise, increasing the probability of owning multiple vehicles (Ryan and Han 1999; Soltani 2017).380

These findings highlight the lifecycle effects on household car ownership. Larger households face381

diverse and often competing mobility needs, such as commuting, childcare, and leisure activities,382

which increase their dependence on private vehicles. In contrast, single individuals, particularly383

those residing in urban areas, may rely more on public transport or shared mobility due to fewer384

constraints on their time and fewer financial resources (Caulfield 2012; Heinonen et al. 2021).385

Built Environment and Regional Variations386

Car ownership varies significantly by region in Belgium, with households in Flanders owning387

more cars than those in Wallonia. This disparity reflects differences in population density, land use,388

and proximity to rail stations. Higher population density and greater use of land for commercial389

purposes reduce car ownership, as compact urban areas like Brussels offer accessible public390

transport, shared mobility options, and nearby essential services, discouraging reliance on private391
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vehicles (Potoglou and Kanaroglou 2008; Flamm 2009; Matas et al. 2009). Conversely, less392

densely populated regions like Flanders and Wallonia see higher car ownership due to limited public393

transport infrastructure, longer commutes, and private parking availability (Kim and Mokhtarian394

2018).395

Proximity to rail stations significantly decreases car ownership, with households near train396

stations more likely to rely on public transport, emphasizing the importance of rail networks in397

reducing vehicle dependence (Ryan and Han 1999; Potoglou and Kanaroglou 2008; Kim and398

Mokhtarian 2018). However, bus, metro, or tram proximity showed no significant effect, possibly399

reflecting Belgium’s integrated multimodal transportation system, where rail infrastructure is often400

the backbone of urban and intercity mobility. The complementary roles of bus and tram systems401

may dilute their isolated effect on car ownership (Potoglou and Kanaroglou 2008).402

Influence of Shared Mobility Services403

Subscriptions to shared mobility services, such as car-sharing and bike-sharing, significantly404

reduce car ownership. Households not subscribed to these services are more likely to own one or405

multiple cars, underscoring the role of shared mobility in decreasing private vehicle dependency.406

These services provide cost-effective and flexible alternatives, particularly in urban and semi-407

urban areas, where parking constraints and high maintenance costs make private car ownership408

less practical (Jochem et al. 2020). Research also highlights that affordability is a key driver for409

adopting shared mobility, which shifts household preferences toward multimodal transportation410

options (Flamm 2009; Kim and Mokhtarian 2018).411

Shared mobility services strengthen the ecosystem of alternatives to private vehicles, reducing412

ownership even among higher-income households. However, their impact depends on integration413

with public transportation and the availability of shared infrastructure. Urban areas with well-414

connected shared mobility systems exhibit a stronger shift from car dependency, while rural or415

suburban regions face adoption challenges (Jochem et al. 2020).416
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Limitations and Future Research Directions417

The findings emphasize lower car dependency in densely populated areas with accessible public418

transportation and various restrictions and costs associated with vehicle ownership. However, car419

ownership increases as the number of children in the household rises, reflecting transportation and420

childcare needs (Wong and Lin 2011; Soltani 2017).421

This study utilized cross-sectional MONITOR data, which, while detailed, does not capture422

changes in car ownership over time or include variables like lifestyle choices and attitudes toward423

sustainable transport. These limitations restrict the ability to analyze emerging trends, such as424

preferences for electric vehicles, shared mobility, or remote work. Panel data in future studies425

could address these gaps by providing longitudinal insights into behavioral shifts.426

The absence of variables related to household attitudes, psychological preferences, or awareness427

of sustainable mobility options represents a significant limitation. Incorporating such data in future428

studies could yield deeper insights into how perceptions and social norms influence car ownership,429

particularly as shared and electric mobility options continue to expand.430

While the multinomial logit model effectively analyzes household car ownership patterns,431

its assumption of independence among choices may oversimplify the decision-making process.432

Advanced models, such as mixed multinomial logit (MMNL) or nested logit models, could better433

account for unobserved heterogeneity and complex decision structures. Furthermore, incorporating434

random effects could help capture variations in household characteristics and preferences more435

accurately.436

The findings of this study are specific to Belgium, with its unique socio-economic, cultural, and437

transport infrastructure context. Future research should validate these results in other regions or438

countries with differing urban densities, public transport availability, and cultural attitudes toward439

car ownership. Expanding the analysis to include diverse geographical areas could enhance the440

generalizability of these findings.441

Emerging mobility solutions, such as mobility as a service (MaaS) and shared mobility, remain442

limited in Belgium. However, initiatives like the Green Deal “Shared Mobility” offer the potential443
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for studying their impact on car ownership. Future research could explore how policy and infras-444

tructure development influence the adoption of these alternatives, providing actionable strategies445

for sustainable transportation systems.446

Behavioral and Policy Implications447

Frequent car use strongly correlates with household car ownership, as regular drivers often448

view cars as indispensable, even when alternatives exist. Behavioral interventions like carpooling449

promotion and flexible work arrangements could help reduce reliance on private vehicles. Larger450

households are more likely to own cars due to diverse mobility needs, while households with young451

children tend to own fewer cars, likely due to financial constraints. However, as children grow,452

their mobility needs increase, often leading to additional car ownership. This lifecycle dynamic453

highlights the importance of family-focused solutions like carpooling and subsidized transport454

services.455

Higher education, while linked to greater car ownership due to income and professional de-456

mands, also fosters preferences for sustainable transport. This dual relationship presents opportuni-457

ties to target higher-educated groups with campaigns emphasizing the financial and environmental458

benefits of shared mobility options (Flamm 2009).459

Policy strategies based on these findings include investments in public transit to enhance460

frequency, reliability, and affordability, particularly in urban areas like Brussels. Expanding461

shared mobility programs and integrating them with public transport can reduce private vehicle462

dependency, especially in suburban regions. Family-oriented policies such as subsidized childcare463

transport and school-focused carpooling programs address specific mobility needs. Additionally,464

education campaigns focusing on the hidden costs of car ownership and promoting sustainable465

alternatives can influence behavioral shifts. Equitable access to sustainable mobility, including466

subsidies for low-income households and improved options for individuals with disabilities, is467

essential to ensure inclusivity.468

Belgium’s high population density and car ownership rates make it an important case for469

future research. Policies like the Green Deal on Shared Mobility reflect a growing focus on470
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sustainable transport, underscoring the need for ecological, inclusive, and economically viable471

mobility solutions.472

CONCLUSION473

Private vehicle reliance remains widespread, with significant environmental and policy impli-474

cations. This study analyzed household car ownership in Belgium, incorporating socio-economic475

and demographic variables, residential characteristics, shared mobility subscriptions, and car usage476

frequency. The multinomial logistic regression model effectively captured key determinants of car477

ownership, emphasizing socio-demographic, environmental, and mobility-related factors.478

The study’s main findings confirm previous research, emphasizing the significance of socio-479

demographic and economic characteristics, built environment attributes, and availability of mobility480

resources in explaining household car ownership patterns. Income and employment status are key481

socio-economic drivers of car ownership. Larger households, higher-income groups, and self-482

employed individuals are more likely to own multiple cars. Conversely, professionally inactive483

individuals exhibit lower car ownership levels due to limited mobility needs. With respect to the484

built environment and regional factors, higher population density and proximity to train stations are485

associated with lower car ownership, particularly in urban areas like Brussels. Meanwhile, residents486

in suburban and rural areas of Flanders and Wallonia demonstrate higher car ownership rates due487

to limited transport alternatives and greater reliance on private vehicles. Concerning shared488

mobility services, subscriptions to these services significantly reduce car ownership, particularly489

for households that would otherwise own multiple cars. This highlights the potential of shared490

mobility as a viable alternative to private vehicle dependency, especially in urban settings.491

The findings underscore the need for policies tailored to regional and demographic differences,492

focusing on reducing car dependency and fostering sustainable mobility options: (i) invest in public493

transit to enhance affordability, accessibility, and reliability, (ii) expand shared mobility services,494

(iii) promote behavioral shifts by educating households on the hidden costs of car ownership and495

parking and the benefits of shared and sustainable transport, (iv) introduce family-focused transport496

options to address lifecycle-specific mobility needs.497

19 Hosseinzadeh Bahreini, August 6, 2025



While this study provides valuable insights, its cross-sectional data limits the ability to capture498

temporal changes in car ownership patterns. Future research should explore panel data to track499

shifts in mobility behavior, particularly in response to trends like remote work and electric vehicle500

adoption. Incorporating psychological variables such as attitudes toward sustainability and ad-501

vanced modeling approaches like mixed multinomial logit can provide deeper insights. Validating502

these findings across diverse geographic contexts would also expand their applicability.503

Belgium’s transition to sustainable mobility is urgent to reduce environmental impacts and504

enhance equity. This study provides a foundation for evidence-based policies that address regional505

and demographic mobility needs, fostering an inclusive, energy-efficient transportation system.506

DATA AVAILABILITY STATEMENT507

All data, models, and codes supporting this study’s findings are available from the corresponding508

author upon reasonable request.509

AUTHOR CONTRIBUTIONS510

The authors confirm their contributions to the paper as follows: study conception and design:511

S.H. Bahreini, S. Reiter, M. Cools; data collection: S.H. Bahreini, M. Cools; analysis and interpre-512

tation of results: S.H. Bahreini, M. Cools; draft manuscript preparation: S.H. Bahreini, S. Reiter,513

M. Cools. All authors reviewed the results and approved the final version of the manuscript.514

REFERENCES515

Albalate, D. and Gragera, A. (2020). “The impact of curbside parking regulations on car ownership.”516

Regional Science and Urban Economics, 81, 103518.517

Alberti, V., Alonso Raposo, M., Attardo, C., Auteri, D., Ribeiro Barranco, R., Batista E Silva,518

F., Benczur, P., Bertoldi, P., Bono, F., Bussolari, I., Louro Caldeira, S., Carlsson, J., Christidis,519

P., Christodoulou, A., Ciuffo, B., Corrado, S., Fioretti, C., Galassi, M., Galbusera, L., Gawlik,520

B., Giusti, F., Gomez Prieto, J., Grosso, M., Martinho Guimaraes Pires Pereira, A., Jacobs, C.,521

Kavalov, B., Kompil, M., Kucas, A., Kona, A., Lavalle, C., Leip, A., Lyons, L., Manca, A.,522

Melchiorri, M., Monforti-Ferrario, F., Montalto, V., Mortara, B., Natale, F., Panella, F., Pasi, G.,523

20 Hosseinzadeh Bahreini, August 6, 2025



Perpiña Castillo, C., Pertoldi, M., Pisoni, E., Roque Mendes Polvora, A., Rainoldi, A., Rembges,524

D., Rissola, G., Sala, S., Schade, S., Serra, N., Spirito, L., Tsakalidis, A., Schiavina, M., Tintori,525

G., Vaccari, L., Vandyck, T., Vanham, D., Van Heerden, S., Van Noordt, C., Vespe, M., Vetters,526

N., Vilahur Chiaraviglio, N., Vizcaino, M., Von Estorff, U., and Zulian, G. (2019). “The future527

of cities: opportunities, challenges and the way forward.” EUR 29752 EN, I. Vandecasteele, C.528

Baranzelli, A. Siragusa, and J. Aurambout, eds., Publications Office of the European Union,529

Luxembourg.530

Anowar, S. (2015). “A comprehensive study of household transportation expenditure, vehicle own-531

ership, and usage patterns: tale of Canadian cities.” Ph.D. thesis, McGill University, Montreal,532

Canada.533

Ao, Y., Yang, D., Chen, C., and Wang, Y. (2019). “Exploring the effects of the rural built environ-534

ment on household car ownership after controlling for preference and attitude: Evidence from535

Sichuan, China.” Journal of Transport Geography, 74, 24–36.536

Aschkenazi, K., Dekker, S., Jacob, J., Klassen, E., Miller, H., Thielen, S., and Their, W. W. (2012).537

“Indicators for Sustainability: How cities are monitoring and evaluating their success.” Report538

no., Sustainable Cities International (SCI), Vancouver, Cananda, <https://cityprotocol.cat/wp-539

content/uploads/2019/07/Annex-B.-Indicators-for-Sustainability.pdf>.540

Bahamonde-Birke, F. J., Frowijn, L., van Gils, C., Henkus, S., van der Hoeven, S., Mathilde Kolk-541

man, O., van Onzen, T., Ronteltap, L., Wehl, D. E., and Ettema, D. F. (2023). “Am i willing542

to replace my car with a MaaS subscription? An analysis of the willingness of Dutch citizens543

to adopt MaaS and the triggers affecting their choices.” Transportation Research Part A: Policy544

and Practice, 176, 103816.545

Basu, R. and Ferreira, J. (2020). “Understanding household vehicle ownership in singapore through546

a comparison of econometric and machine learning models.” Transportation Research Procedia,547

48, 1674–1693.548

Beirão, G. and Cabral, J. A. S. (2007). “Understanding attitudes towards public transport and private549

car: A qualitative study.” Transport Policy, 14(6), 478–489.550

21 Hosseinzadeh Bahreini, August 6, 2025



Berrill, P., Nachtigall, F., Javaid, A., Milojevic-Dupont, N., Wagner, F., and Creutzig, F. (2024).551

“Comparing urban form influences on travel distance, car ownership, and mode choice.” Trans-552

portation Research Part D: Transport and Environment, 128, 104087.553

Bhat, C. R. and Pulugurta, V. (1998). “A comparison of two alternative behavioral choice mecha-554

nisms for household auto ownership decisions.” Transportation Research Part B: Methodological,555

32(1), 61–75.556

Bhat, C. R., Sen, S., and Eluru, N. (2009). “The impact of demographics, built environment557

attributes, vehicle characteristics, and gasoline prices on household vehicle holdings and use.”558

Transportation Research Part B: Methodological, 43(1), 1–18.559

Bodunrin, I. R. and Mini, S. E. (2024). “Car ownership in growing Lagos and Johannesburg, Africa:560

Urban planning and user views.” Urban Governance, 4(1), 68–79.561

Caulfield, B. (2012). “An examination of the factors that impact upon multiple vehicle ownership:562

The case of Dublin, Ireland.” Transport Policy, 19(1), 132–138.563

Chakraborty, A., Omrani, H., and Teller, J. (2022). “A Comparative Analysis of Drivers Impacting564

Urban Densification for Cross Regional Scenarios in Brussels Metropolitan Area.” Land, 11(12),565

2291.566

Christiansen, P., Fearnley, N., Hanssen, J. U., and Skollerud, K. (2017). “Household parking facil-567

ities: Relationship to travel behaviour and car ownership.” Transportation Research Procedia,568

25, 4185–4195.569

Christie, S. M. and Fone, D. L. (2003). “Does car ownership reflect socio-economic disadvantage570

in rural areas? A cross-sectional geographical study in Wales, UK.” Public health, 117(2),571

112–116.572

Chu, Y. L. (2002). “Automobile Ownership Analysis Using Ordered Probit Models.” Transportation573

Research Record: Journal of the Transportation Research Board, 1805, 60–67.574

Cirillo, C. and Liu, Y. (2013). “Vehicle ownership modeling framework for the state of maryland:575

Analysis and trends from 2001 and 2009 nhts data.” Journal of Urban Planning and Development,576

139(1), 1–11.577

22 Hosseinzadeh Bahreini, August 6, 2025



Clark, B., Chatterjee, K., and Melia, S. (2016). “Changes in level of household car ownership: the578

role of life events and spatial context.” Transportation, 43(4), 565–599.579

Clark, B. E. (2012). “Understanding how household car ownership changes over580

time.” Ph.D. thesis, University of the West of England, Bristol, <https://uwe-581

repository.worktribe.com/index.php/preview/949215/BenClarkPhDThesis_Redacted.pdf>.582

Crampton, G. R. (2006). “Impact on car ownership of local variation in access to public transport.”583

Paper (number 123) prepared for the ERSA 2006 Conference, Volos, Greece, European Regional584

Science Association, <https://www-sre.wu-wien.ac.at/ersa/ersaconfs/ersa06/papers/123.pdf>.585

Cui, K., Shao, C., and Yao, G. (2018). “Modeling household car ownership using ordered response586

model.” Proceedings of the 2018 International Conference on Transportation & Logistics, In-587

formation & Communication, Smart City (TLICSC 2018), Y. Hong, G. Ke, and W. He, eds., Vol.588

161 of Advances in Intelligent Systems Research, Atlantis Press, 81–87.589

Dargay, J. M. (2002). “Determinants of car ownership in rural and urban areas: a pseudo-panel590

analysis.” Transportation Research Part E, 38(5), 351–366.591

De Gruyter, C., Truong, L. T., de Jong, G., and Foster, S. (2024). “Determinants of zero-car and592

car-owning apartment households.” Transportation, in press.593

de Jong, G., Kouwenhoven, M., Geurs, K., Bucci, P., and Tuinenga, J. G. (2009). “The impact594

of fixed and variable costs on household car ownership.” Journal of Choice Modelling, 2(2),595

173–199.596

Diekstra, R. and Kroon, M. (1997). “Cars and behavior: Psychological barriers to car restraint597

and sustainable urban transport.” The Greening of Urban Transport, R. Tolley, ed., John Wiley,598

London, 2 edition, Chapter 11, 423–427.599

Dilini, K. P., Amalan, P. T., and Kumarage, A. S. (2021). “Analysis of vehicle ownership attributes600

in western province, sri lanka.” Journal of South Asian Logistics and Transport, 1(1), 33–48.601

Ding, C. and Cao, X. (2019). “How does the built environment at residential and work locations602

affect car ownership? An application of cross-classified multilevel model.” Journal of Transport603

Geography, 75, 37–45.604

23 Hosseinzadeh Bahreini, August 6, 2025



Fairhurst, M. (1975). “The influence of public transport on car ownership in london.” Journal of605

Transport Economics and Policy, 9(3), 193–208.606

Federale Overheidsdienst Mobiliteit en Vervoer (2019). Enquête MONITOR over de mo-607

biliteit van de Belgen. Federale Overheidsdienst Mobiliteit en Vervoer, Brussels, Belgium,608

<https://mobilit.belgium.be/nl/file/660/download>.609

Ferrero, F., Perboli, G., Rosano, M., and Vesco, A. (2018). “Car-sharing services: An annotated610

review.” Sustainable Cities and Society, 37, 501–518.611

Flamm, B. (2009). “The impacts of environmental knowledge and attitudes on vehicle ownership612

and use.” Transportation Research Part D: Transport and Environment, 14(4), 272–279.613

Fujii, S. and Kitamura, R. (2003). “What does a one-month free bus ticket do to habitual drivers?614

An experimental analysis of habit and attitude change.” Transportation, 30, 81–95.615

Guerra, E. (2015). “The geography of car ownership in Mexico City: A joint model of households’616

residential location and car ownership decisions.” Journal of Transport Geography, 43, 171–180.617

Guo, Z. (2013). “Does residential parking supply affect household car ownership? The case of618

New York City.” Journal of Transport Geography, 26, 18–28.619

Heinonen, J., Czepkiewicz, M., Arnadóttir, A., and Ottelin, J. (2021). “Drivers of Car Ownership620

in a Car-Oriented City: A Mixed-Method Study.” Sustainability, 13(2), 619.621

Hess, Daniel Baldwin Ong, P. M. (2002). “Traditional neighborhoods and automobile ownership.”622

Transportation Research Record: Journal of the Transportation Research Board, 1805(1), 35–623

44.624

Holmgren, J. (2020). “The effect of public transport quality on car ownership – A source of wider625

benefits?.” Research in Transportation Economics, 83, 100957.626

Holtzclaw, J., Clear, R., Dittmar, H., Goldstein, D., and Haas, P. (2002). “Location Efficiency:627

Neighborhood and Socio-Economic Characteristics Determine Auto Ownership and Use - Stud-628

ies in Chicago, Los Angeles and San Francisco.” Transportation Planning and Technology,629

25(1), 1–27.630

Jochem, P., Frankenhauser, D., Ewald, L., Ensslen, A., and Fromm, H. (2020). “Does free-floating631

24 Hosseinzadeh Bahreini, August 6, 2025



carsharing reduce private vehicle ownership? The case of SHARE NOW in European cities.”632

Transportation Research Part A: Policy and Practice, 141, 373–395.633

Karjalainen, L. E., Tiitu, M., Lyytimäki, J., Helminen, V., Tapio, P., Tuominen, A., Vasankari,634

T., Lehtimäki, J., and Paloniemi, R. (2023). “Going carless in different urban fabrics: socio-635

demographics of household car ownership.” Transportation, 50, 107–142.636

Kermanshah M, G. F. (2001). “Modeling Automobile Ownership Decisions: A Disaggregate637

Approach.” . Scientia Iranica, 6(1), 29–37.638

Kim, S. H. and Mokhtarian, P. L. (2018). “Taste heterogeneity as an alternative form of endogeneity639

bias: Investigating the attitude-moderated effects of built environment and socio-demographics640

on vehicle ownership using latent class modeling.” Transportation Research Part A: Policy and641

Practice, 116, 130–150.642

Klein, N. J. (2024). “Subsidizing Car Ownership for Low-Income Individuals and Households.”643

Journal of Planning Education and Research, 44(1), 165–177.644

Klein, N. J., Basu, R., and Smart, M. J. (2023). “Transitions into and out of Car Ownership among645

Low-Income Households in the United States.” Journal of Planning Education and Research, in646

press.647

Kuhnimhof, T., Armoogum, J., Buehler, R., Dargay, J., Denstadli, J. M., and Yamamoto, T.648

(2012). “Men Shape a Downward Trend in Car Use among Young Adults—Evidence from Six649

Industrialized Countries.” Transport Reviews, 32(6), 761–779.650

Li, J., Walker, J. L., Srinivasan, S., and Anderson, W. P. (2010). “Modeling private car ownership in651

china: Investigation of urban form impact across megacities.” Transportation Research Record:652

Journal of the Transportation Research Board, 2193(1), 76–84.653

Li, S. (2024). “Vehicle ownership over the life course among older Americans: a longitudinal654

analysis.” Transportation, 51, 247–270.655

Li, Y. (2023). “The Development of Vehicle Ownership and Urban Happiness in China.” Interna-656

tional Journal of Community Well-Being, 6, 301–325.657

Lieven, T., Mühlmeier, S., Henkel, S., and Waller, J. F. (2011). “Who will buy electric cars? An658

25 Hosseinzadeh Bahreini, August 6, 2025



empirical study in Germany.” Transportation Research Part D: Transport and Environment,659

16(3), 236–243.660

Liu, Y., Tremblay, J. M., and Cirillo, C. (2014). “An integrated model for discrete and continu-661

ous decisions with application to vehicle ownership, type and usage choices.” Transportation662

Research Part A: Policy and Practice, 69, 315–328.663

Maltha, Y., Kroesen, M., Van Wee, B., and Van Daalen, E. (2017). “Changing influence of factors664

explaining household car ownership levels in the netherlands.” Transportation Research Record:665

Journal of the Transportation Research Board, 2666, 103–111.666

Manting, D. (2014). “Ruimtelijk beleid kan niet zonder demografische analyse.” Demos in Dutch.667

Matas, A., Raymond, J. L., and Roig, J. L. (2009). “Car ownership and access to jobs in Spain.”668

Transportation Research Part A: Policy and Practice, 43(6), 607–617.669

Mouratidis, K. (2022). “Bike-sharing, car-sharing, e-scooters, and uber: Who are the shared670

mobility users and where do they live?.” Sustainable Cities and Society, 86, 104161.671

Mulalic, I. and Rouwendal, J. (2020). “Does improving public transport decrease car ownership?672

Evidence from a residential sorting model for the Copenhagen metropolitan area.” Regional673

Science and Urban Economics, 83, 103543.674

Musti, S. and Kockelman, K. M. (2011). “Evolution of the household vehicle fleet: Anticipating fleet675

composition, PHEV adoption and GHG emissions in Austin, Texas.” Transportation Research676

Part A: Policy and Practice, 45(8), 707–720.677

Nematchoua, M. K., Deuse, C., Cools, M., and Reiter, S. (2020). “Evaluation of the potential of678

classic and electric bicycle commuting as an impetus for the transition towards environmentally679

sustainable cities: A case study of the university campuses in Liege, Belgium.” Renewable and680

Sustainable Energy Reviews, 119.681

Nolan, A. (2010). “A dynamic analysis of household car ownership.” Transportation Research Part682

A: Policy and Practice, 44(6), 446–455.683

Oyedepo, O. J., Etu, J. E., De Souza, E., and Afolabi, O. (2017). “Multinomial logit model684

estimation of household characteristics influencing car ownership in akure, south west, nigeria.”685

26 Hosseinzadeh Bahreini, August 6, 2025



International Journal for Traffic and Transport Engineering, 7(2).686

Pan, H., Shen, Q., and Zhao, T. (2013). “Travel and Car Ownership of Residents near New687

Suburban Metro Stations in Shanghai, China.” Transportation Research Record: Journal of the688

Transportation Research Board, 2394, 63–69.689

Potoglou, D. and Kanaroglou, P. S. (2008). “Modelling car ownership in urban areas: a case study690

of Hamilton, Canada.” Journal of Transport Geography, 16(1), 42–54.691

Prillwitz, J., Harms, S., and Lanzendorf, M. (2006). “Impact of Life-Course Events on Car Owner-692

ship.” Transportation Research Record: Journal of the Transportation Research Board, 1985(1),693

71–77.694

Pyddoke, R. and Swärdh, J.-E. (2015). “Differences in the effects of fuel price and income on695

private car use in Sweden 1999-2008.” CTS Working Paper 2015:1, Centre for Transport Studies696

Stockholm (CTS), <https://www.diva-portal.org/smash/get/diva2:779184/FULLTEXT01.pdf>.697

Rith, M., Abad, R. P., Fillone, A. M., Doi, K., and Biona, J. B. M. (2019). “Understanding the impact698

of urban form attributes on household vehicle ownership and choice in metro Manila: Modeling,699

simulation, and application.” Engineering and Applied Science Research, 46(3), 238–247.700

Ryan, J. M. and Han, G. (1999). “Vehicle-Ownership Model Using Family Structure and Ac-701

cessibility Application to Honolulu, Hawaii.” Transportation Research Record: Journal of the702

Transportation Research Board, 1676, 1–10.703

Schmid, B., Becker, F., Axhausen, K. W., Widmer, P., and Stein, P. (2023). “A simultaneous704

model of residential location, mobility tool ownership and mode choice using latent variables.”705

Transportation Research Part A: Policy and Practice, 178, 103867.706

Sefriyadi, I., Andani, I. G. A., Raditya, A., Belgiawan, P. F., and Windasari, N. A. (2023). “Private707

car ownership in indonesia: Affecting factors and policy strategies.” Transportation Research708

Interdisciplinary Perspectives, 19, 100796.709

Sheller, M. (2004). “Automotive emotions: Feeling the car.” heory, Culture & Society, 21(4-5),710

221–242.711

Shen, Q., Chen, P., and Pan, H. (2016). “Factors affecting car ownership and mode choice in rail712

27 Hosseinzadeh Bahreini, August 6, 2025



transit-supported suburbs of a large chinese city.” Transportation Research Part A: Policy and713

Practice, 94, 31–44.714

Sinha, K. C. (2003). “Sustainability and urban public transportation.” Journal of transportation715

engineering, 129(4), 331–341.716

Sluismans, S., Combes, C., Walker, A., and Vandeweye, S. (2019). Future of Mobility: A717

New Deal for Mobility in Belgium. Deloitte, <https://www.deloitte.com/content/dam/assets-718

zone2/be/en/docs/services/consulting/2023/FOM-Brochure-Final-Version.pdf>.719

Soltani, A. (2017). “Social and urban form determinants of vehicle ownership; evidence from a720

developing country.” Transportation Research Part A: Policy and Practice, 96, 90–100.721

Statbel (2023). “Population density of 381 inhabitants per km² in Belgium.” Population density,722

<https://statbel.fgov.be/en/themes/population/population-density> (Jun. 5, 2024).723

Statbel (2024a). “Cadastral statistics of the building stock: Geographic location, Type of Building,724

Building features.” Cadastral statistics of the building stock , <https://statbel.fgov.be/en/open-725

data/cadastral-statistics-building-stock-5> (Jun. 5, 2024).726

Statbel (2024b). “Land cover according to the Land Register by municipality and detailed cadastral727

type.” Land cover according to the Land Register, <https://statbel.fgov.be/en/open-data/land-728

cover-according-land-register> (Jun. 5, 2024).729

Sugiyama, T., Thompson, C. W., and Alves, S. (2009). “Associations Between Neighborhood Open730

Space Attributes and Quality of Life for Older People in Britain.” Environment and Behavior,731

41(1), 3–21.732

Vega-Gonzalo, M., Gomez, J., and Christidis, P. (2023). “How has COVID-19 changed private car733

use in European urban areas? An analysis of the effect of socio-economic characteristics and734

mobility habits.” Transportation Research Part A: Policy and Practice, 172, 103679.735

Wedagama, D. M. P. (2009). “The analysis of household car and motorcycle ownerships using736

poisson regression (case study: Denpasar-bali).” Jurnal Teknik Sipil ITB, 16(2), 103–112.737

Woldeamanuel, M. G., Cyganski, R., Schulz, A., and Justen, A. (2009). “Variation of households’738

car ownership across time: Application of a panel data model.” Transportation, 36, 371–387.739

28 Hosseinzadeh Bahreini, August 6, 2025



Wong, K. I. and Lin, H.-L. (2011). “Modeling household car and motorcycle ownership: A740

case of macao.” Proceedings of the Eastern Asia Society for Transportation Studies, Vol. 8,741

<https://www.jstage.jst.go.jp/article/eastpro/2011/0/2011_0_81/_pdf>.742

Wu, G., Yamamoto, T., and Kitamura, R. (1999). “Vehicle Ownership Model That Incorporates743

the Causal Structure Underlying Attitudes Toward Vehicle Ownership.” Transportation Research744

Record: Journal of the Transportation Research Board, 1676(1), 61–67.745

Yamamoto, T. (2009). “Comparative analysis of household car, motorcycle and bicycle ownership746

between Osaka metropolitan area, Japan and Kuala Lumpur, Malaysia.” Transportation, 36(3),747

351–366.748

Yang, H., Zhai, G., Liu, X., Yang, L., Liu, Y., and Yuan, Q. (2022). “Determinants of city-level749

private car ownership: Effect of vehicle regulation policies and the relative price.” Transport750

Policy, 115(November 2021), 40–48.751

Yao, G., Chen, Y., Cui, K., Xu, D., and Liu, J. (2022). “A method of household car ownership752

prediction using ordered probit model.” Green Connected Automated Transportation and Safety,753

W. Wang, Y. Chen, Z. He, and X. Jiang, eds., Vol. 775 of Lecture Notes in Electrical Engineering,754

Springer, Singapore, 759–771.755

Yin, C., Shao, C., and Wang, X. (2018). “Built Environment and Parking Availability: Impacts on756

Car Ownership and Use.” Sustainability, 10(7), 2285.757

Zhang, W., Lu, D., Chen, Y., and Liu, C. (2021). “Land use densification revisited: Nonlinear758

mediation relationships with car ownership and use.” Transportation Research Part D: Transport759

and Environment, 98, 102985.760

Zhang, Y., Li, C., Liu, Q., and Wu, W. (2018). “The socioeconomic characteristics, urban built761

environment and household car ownership in a rapidly growing city: Evidence from Zhongshan,762

China.” Journal of Asian Architecture and Building Engineering, 17(1), 133–140.763

Zhao, P. and Bai, Y. (2019). “The gap between and determinants of growth in car ownership in urban764

and rural areas of China: A longitudinal data case study.” Journal of Transport Geography, 79,765

102487.766

29 Hosseinzadeh Bahreini, August 6, 2025



List of Tables767

1 Sample Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31768

2 Pseudo-R2-values . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32769

3 Confusion Matrix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33770

4 Type III Likelihood Ratio Tests of the Car Ownership Model . . . . . . . . . . . . 34771

5 Parameter Estimates of the Car Ownership Model . . . . . . . . . . . . . . . . . . 35772

30 Hosseinzadeh Bahreini, August 6, 2025



TABLE 1. Sample Description

Variable Label: Description Count1 %1

Mean2 SD2

Dependent variables

Number of cars1
ZERO*: 0 935 11.0
ONE: 1 4280 50.4
TWO OR MORE: ≥ 2 3272 38.6

Independent variables
Age2 AGE 52.42 14.96

Gender1 MALE*: Male 4668 55.0
FEMALE: Female 3819 45.0

Professional occupation1

JOB_BCW: Blue-collar worker 437 5.2
JOB_WCW*: White-collar worker 2706 31.9
JOB_CS: Civil servant 1225 14.4
JOB_LSE: Liberal profession/ 274 3.2

self-employed
JOB_STU: Student 275 3.2
JOB_INA: Inactive 3570 42.1

Education level1
EDU_LOW*: Low 4373 51.5

(max. secondary school)
EDU_HIGH: High (min. Bachelor) 4114 48.5

Driving license (car)1 DRL_NO*: No 577 6.8
DRL_YES: Yes 7910 93.2

Net monthly household income1
INC_LOW*: 0 - 3999 Euro 5300 62.4
INC_HIGH: More than 4000 Euro 1298 15.3
INC_NA: Refusal to answer 1889 22.3

Household size2 HHSIZE 2.42 1.20

Children under 181 CU18_NO*: No 6833 80.5
CU18_YES: Yes 1654 19.5

Subscription to a SBIKE_NO*: No 7938 93.5
bikesharing system1 SBIKE_YES: Yes 549 6.5
Subscription to a SCAR_NO*: No 7935 93.5
carsharing system1 SCAR_YES: Yes 552 6.5

Season ticket Bus/Tram/Metro1 STBTM_NO*: No 5610 66.1
STBTM_YES: Yes 2877 33.9

Season ticket Train1 STTRAIN_NO*: No 6988 82.3
STTRAIN_YES: Yes 1499 17.7

Region of home location1
REG_BRU: Brussels 504 5.9
REG_WAL*: Wallonia 1519 17.9
REG_FLA: Flanders 6464 76.2

Bus/tram/metro stop within DBTM_NO*: No 2467 29.1
500m of the home1 DBTM_YES: Yes 6020 70.9
Train station within DTRAIN_NO*: No 5329 62.8
2km of the home1 DTRAIN_YES: Yes 3158 37.2
Population density2 POPD 1348.58 2479.23
Land use2: % commercial buildings LU_COM 0.98 0.89
1: Categorical variable; 2: Continuous variable; *: Reference category in MNL model
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TABLE 2. Pseudo-R2-values

Cox and Snell Nagelkerke McFadden
0.36 0.42 0.23
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TABLE 3. Confusion Matrix

Observed Predicted
Zero One Two or more

Zero 3.2 6.5 1.3
One 1.3 41.2 7.9
Two or more 0.1 13.5 24.9
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TABLE 4. Type III Likelihood Ratio Tests of the Car Ownership Model

Variable Chi-Square DF P-value
Age 33.7 2 <0.001
Gender 2.9 2 0.233
Professional occupation 148.8 10 <0.001
Education level 29.0 2 <0.001
Driving license (car) 456.5 2 <0.001
Net monthly household income 176.9 4 <0.001
Household size 754.2 2 <0.001
Children under 18 156.2 2 <0.001
Subscription to a bikesharing system 10.8 2 0.005
Subscription to a carsharing system 12.9 2 0.002
Season ticket Bus/Tram/Metro 173.7 2 <0.001
Region of home location 21.2 4 <0.001
Train station within 2km of the home 111.3 2 <0.001
Population density 10.0 2 0.007
Land use: % commercial buildings 19.1 2 <0.001
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TABLE 5. Parameter Estimates of the Car Ownership Model

One car Two or more cars
Parameter Est. S.E. P-value Est. S.E. P-value
Intercept -2.156 0.278 <0.001 -4.593 0.352 <0.001
AGE 0.019 0.004 <0.001 0.010 0.004 0.023
FEMALE -0.049 0.083 0.560 0.048 0.093 0.606
JOB_BCW -0.142 0.190 0.455 -0.538 0.206 0.009
JOB_CS 0.269 0.134 0.044 -0.199 0.145 0.170
JOB_LSE 0.222 0.314 0.479 0.609 0.321 0.058
JOB_STU 0.181 0.280 0.518 0.155 0.296 0.602
JOB_INA 0.114 0.119 0.341 -0.749 0.133 <0.001
EDU_HIGH 0.369 0.091 <0.001 0.538 0.100 <0.001
DRL_YES 1.945 0.109 <0.001 3.414 0.195 <0.001
INC_HIGH -0.088 0.163 0.589 0.981 0.166 <0.001
INC_NA 0.138 0.102 0.174 0.301 0.113 0.008
HHSIZE 0.590 0.060 <0.001 1.479 0.066 <0.001
CU18_YES -0.506 0.153 0.001 -1.551 0.164 <0.001
SBIKE_YES -0.214 0.159 0.178 -0.600 0.194 0.002
SCAR_YES -0.534 0.160 0.001 -0.619 0.189 0.001
STBTM_YES -0.669 0.084 <0.001 -1.256 0.098 <0.001
REG_BRU 0.225 0.238 0.344 0.376 0.315 0.233
REG_FLA 0.464 0.105 <0.001 0.480 0.116 <0.001
DTRAIN_YES -0.265 0.081 0.001 -0.814 0.092 <0.001
POPD1 -0.000 0.000 0.215 -0.000 0.000 0.002
LU_COM -0.138 0.064 0.030 -0.352 0.082 <0.001
1: POPD -0.000031 0.000025 0.215 -0.000127 0.000040 0.002
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