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ABSTRACT

Car ownership and household income are key aspects when modelling home-based trip production. This article deals with the first aspect, using a disaggregate approach to model this attribute. The main goal was to identify those aspects affecting household car ownership in the Chilean context, using cross section information for four cities. A binary choice structure was chosen to model the household car ownership based on data availability. Data came from the Origin Destination surveys carried out by the Chilean Transport Investment Planning Office. Results show that main factors affecting the probability of having at least one car by household, for all four cities, are: household income, number of women and men holding a driving license, and gender and occupation of household head. In spite of models are able to replicate car possession by household, there might be other aspects affecting car ownership: public transport network density and location of activities developed by the household members, for instance.
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1.
INTRODUCTION

Car ownership and household income are key aspects when dealing with home trip production modelling. This article tackles the first issue, using a disaggregate approach to model this household attribute. The main goal is to identify those aspects affecting household car ownership in the Chilean context, using cross section information. A car corresponds to a motorised vehicle, used for non-commercial activities.

Car ownership by household was modelled using a binary Logit model. This was based upon the literature review associated with car ownership modelling, availability of disaggregate data and socio-economic information about Chilean households: 70% of households have no car, 25% of them have 1 car, and just 5% of houses have 2 or more cars. These figures implied modelling the probability of having at least one car against having no car at all.

Information related to four cities was used for the modelling. Data came from the Origin Destination surveys carried out by the Chilean Transport Investment Planning Office. These surveys were applied at home, in different years and cities, lasting from 1998 to 2003. Cities population varied from 65.133 to 227.086 inhabitants. Around 5% of households were interviewed in each city. The smallest sample had 1.573 households, whereas the largest had 1.718 households.

Binomial Logit and Probit models were estimated, without any relevant econometric difference between them. Preliminary results show that main factors affecting the probability of having at least one car by household, for all four cities, are: household income, number of women and men holding a driving license, and gender and occupation of household head. The following explanatory variables appear just in some of the city models: age and educational level of the household head, house ownership, household size, number of men without driving license. Models capacity to replicate observed car ownership might be affected by public transport network density and location of activities related to household members.

The article has been organized has follows. Next section contains a review of the main approaches to model car ownership, whilst a description of the data bases used in this research is provide in section three. Main results are reported in section four whereas conclusions are given in the last section.

2.
CAR OWNERSHIP MODELS

Car ownership models can be classified depending upon the nature of data being modelled and the expected use of the model. Models can be classified in aggregate and disaggregate models. A recent complete review can be found in De Jong et al. (2004).

Aggregated models rest on zone information or household aggregated data. An example of them is the time series models. In this case car ownership is explained by socio-economic attributes, macroeconomic indicators, fuel price, population density, road and railway network density, time trend, et cetera. Logistic or other mathematical functions are estimated, considering the existence of a car ownership saturation level. Recent applications of the time series approach can be found in Whelan et al. (2000), Whelan (2001) and Dargay and Gately (1999).

Other aggregated models are the cohorts ones. In this case population is aggregated in groups (cohorts), studying the car ownership dynamic over the time for each group. Generation of cohorts could be based upon the year of birth of household head. Age of the cohort members and driving license possession are variables used to explain changes in car ownership over the years. An application of this approach can be found in Van den Broecke (1987).

With respect to the disaggregated models, they are based upon information associated with households. It is postulated that the possession of a car implies an increase in the utility level for the household. There is a trade off between the cost of buying and operating a car, and the possible benefits related to its possession. The usage of households’ information introduces more variability in explanatory variables, improving the predictive and explanatory nature of models. Disaggregate models can be used to model just car ownership or to model jointly use and possession. 

Discrete choice models used in car ownership modelling are based on the Random Utility Theory (Domencich and McFadden, 1975). Applications consider either ordered responses, multinomial or hierarchical models. Bhat and Pulugurta (1998), using ordered and multinomial specifications, found that the second approach proved to have better results.

Car ownership and driving license possession have been modelled using a hierarchical structure. The existence of a car in a house was conditioned to the number of driving licenses in the house. This method has been used by Daly and Van Zwam (1981).

When modelling jointly car use and possession, variables such as the total distance required travelling over a period of time and household attributes are considered in the modelling. This approach has been used by Train (1986), Hensher et al. (1992) and De Jong (1989a, 1989b, 1991 and 1997)

The usage of the aggregated or disaggregated approaches will depend on the data availability and the final use of the model. Some methods require a very extensive data gathering, either in time and space, something that might limit their utilization.

Although car ownership is one of the main attributes used in strategic planning in Chile, its modelling has not been developed so far; growth rate approaches have been used when requiring its prediction. However, there is a work by Wohl (2001) dealing with this issue. Wohl used a discrete choice approach to model household car possession, in an explanatory basis, finding that car ownership depends on household income, household head age and educational level and gender of those with driving license. He also got that in high-income sectors, income is the main explanatory variable of car ownership, with respect to low-income sectors.

Given the modelling evidence and the data availability, it was decided to use a disaggregated approach. Main source of information came from the Origin Destination surveys carried out regularly by the Transport Planning Agency in several cities along the country.

3.
DATA BASES DESCRIPTION

As was stated before, the use of a specific approach to model car ownership depends on the information available. For this study, the available information corresponds to Origin Destination trip surveys collected by the Chilean transport planning authorities in several cities. Indeed, these surveys are applied to a random sample of households, for all cities with more than 50 thousands inhabitants. Methodological issues regarding these surveys can be found in MIDEPLAN (2003a). Each survey has information regarding the household members, vehicles, trips and the house itself. Data belonging to four cities was used in this work. These cities are located south of Santiago, between 5 and 9 hundred kilometres, and corresponded to Linares, Chillan, Los Angeles and Temuco. They were selected because they are located in a similar geographical area, and they are alike in their economic activity.

The following table contains socio-economic information for each city: population in year 2002, population density for the same year, household (HH) survey sample size, household average monthly income (in US dollars, base year 2003), household average car ownership and main educational status for household head. Education 1 corresponds to percentage of people having primary and secondary education level, whilst education 2 refers to higher education. All HH information was obtained from OS survey.

.

Table 1:
Cities socio-economic description

	Variable
	Linaresa
	Chillanb
	Los Angelesc
	Temucod

	Population2002

	65.133
	165.528
	117.972
	227.086

	Density

(h/km2)
	4.031
	4.034
	4313
	4926

	Sample size

(HH)
	1652
	1573
	1718
	1581

	HH Income2003
(USD/month)
	315
	306
	363
	581

	Car Ownership

(Veh/HH)
	0,37
	0,35
	0.35
	0.38

	Education 1

(%)
	68
	71
	66
	68

	Education 2

(%)
	22
	20
	17
	23


Source: a: MIDEPLAN (2003b); b: MIDEPLAN (2004); c: MIDEPLAN (1999), d: MIDEPLAN (2002)

It can be appreciated that cities are very different in size and socioeconomic condition. Indeed, the richest one would have almost the double HH income with respect to the poorest one.

Nevertheless, all cities have a similar car ownership rate. Indeed, 70% of household does not have any car, 25% holds one car, and just a 5% has two or more cars. This might be due to the spatial location of activities in the city. Besides, this car ownership distribution implies that a binary modelling approach can be adopted: having no car at all or having at least one car.

Since the household sample selection was made randomly, it could be said that any model estimated from that sample might represent appropriately the whole population and households for every city. Besides, size of the available sample for each city might allow us to be confident regarding the statistical results associated with the modelling.

4.
MODELLING AND RESULTS

Binary discrete choice models were estimated for all four cities described in previous section. This decision was based on data availability regarding car ownership: 75% of HH does not have any car, whereas 25% has one or more cars. Since car possession observations are independent then Logit models could be estimated. Indeed, Logit and Probit models were estimated, without significant differences between them. Results shown in this article correspond to the Logit ones; more details regarding the data treatment and modelling can be found in Merino (2006). Theoretical aspects related to the discrete choice models can be found in Ben-Akiva and Lerman (1985) or Ortuzar and Willumsen (2001).

Usual statistical tests were used to identify the best model for each studied city. An important issue had to do with the possible existence of multicollinearity between explanatory variables. The condition index developed by Raduchel (1971), Belsley et al. (1980) and Belsley (1982) was used to check for the existence of this problem. 

The decision about what explanatory variables should be considered in the modelling was based upon international and Chilean studies available at the moment of the study, plus an exhaustive research to identify other variables. Table 2 contains the list of explanatory variables included in the models that are shown later. A larger number of variables were used during the modelling process. 

Since some positive or negative correlation might exist between attributes, then an upper limit of 50% was accepted when comparing two attributes. When applying the condition index, values obtained were never higher than 5, implying that there was not multicollinearity among attributes being compared (Belsley et al., 1980).

Table 2:
Explanatory variables

	Variable
	Description

	INGRESO
	Monthly HH Income, in Chilean pesos. USD 1 = CLP 620 (2003)

	JHSEXO
	HH head gender. 1 for Female. 0 for Male

	JHEDAD
	HH head age, in years, at the moment of the survey

	EDUCi
	HH head educational level. There are 5 possible levels. No education at all corresponds to the base level. Level 5 corresponds to higher education

	HASLC
	Adult males at home without driving license. Adult is someone 18 years old or above

	HACLC
	Adult males at home with driving license

	MACLC
	Adult females at home with driving license

	CASA
	Dummy variable. 0 if the house is rented. 1 if the house belongs to the family

	OJH
	Type of work developed by the HH head. Four levels were used: independent worker (AUTONOMO), dependent worker with high level of education, dependent worker with low level of education and other worker


Table 3 contains the results associated with the best Logit models for the four cities. For these cities the best models have the same descriptive variables, but for Los Angeles.

The main explanatory variables for car ownership were the income level, the gender of the HH head, the possession or not possession of driving license, house tenure and the occupation of the HH head. Male adults without driving license variable was relevant only for three out of four cities. OJH corresponds to independent worker and helped to improve the model for the city of Linares and Los Angeles. For the other two cities the HH head occupation was not relevant. The consideration of the educational level of the HH head helped to improve the model just for Los Angeles. It can be observed the high level of significance of attributes and the high percentage of replication of the model. It is interesting that the constant term (CONSTANTE) is different from zero and the non existence of collinearity among attributes in three out of four models: condition index (CI) lower than 5.

When analyzing the sign and magnitude of coefficients, it can be noticed that being a female HH head reduces the probability of having a car at home. Regarding the driving license possession, if the driver is a woman, then the probability of having car increases, id est, once a woman gets a driving license, then it is very likely she (or the household) will get a car, unless there is already one. Males without driving license reduce the probability of having a car at home. Besides, when the educational level increases, the probability of having a car also rises.

The tenure of property also increases the possibility of holding a car, mainly due to the permanent availability of a parking space and the fact that buying a house (or a property) implies that the family has achieved a condition of steady state, being able to afford other expenses.

Being an independent worker (autonomous worker) also increases the probability of having a car, due to the type of economic activity this type of worker might develop. Correlation between this attribute and educational level of household head did not prove to be significant for the available data.

Since the constant term was assigned to the possibility of having at least one car, and given that 75% of household does not have a car, then the constant term must be negative. In other words, for the sample being analysed, it is more likely to have no car.

Table 4 shows the relative weight of attributes, assessed in the mean of them for the samples being considered. It can be noticed that, apart from the constant term, income and the possession of driving license would be explaining mainly the existence of a car at home. The high percentage explained by the constant would be saying that there are other factors, a part form those shown in this paper, which might be affecting the car ownership. In other words, attributes related to the household might not be enough to explain car ownership.

Table 3:

Logit models

	City
	Linares
	Chillan
	Los Angeles
	Temuco

	Attribute
	Coefficient

(t – test)

	INGRESO
	4.74E-06
	2.15E-06
	5.04E-06
	3.23E-06

	
	(9.08)
	(7.00)
	(9.95)
	(8.59)

	JHSEXO
	-1.00
	-0.97
	-0.43
	-1.21

	
	(-4.61)
	(-4.84)
	(-2.08)
	(-5.96)

	JHEDAD
	-
	-
	0.02
	-

	
	
	
	(3.18)
	

	EDUC2
	-
	-
	1.23
	-

	
	
	
	(1.97)
	

	EDUC3
	-
	-
	1.78
	-

	
	
	
	(2.86)
	

	EDUC4
	-
	-
	2.23
	-

	
	
	
	(3.43)
	

	EDUC5
	-
	-
	2.01
	-

	
	
	
	(3.11)
	

	HACLC
	1.43
	1.01
	1.51
	1.24

	
	(8.68)
	(6.42)
	(11.21)
	(8.60)

	MACLC
	1.85
	1.52
	1.08
	1.81

	
	(8.64)
	(8.21)
	(6.09)
	(9.55)

	HASLC
	-0.55
	-0.55
	-
	-0.54

	
	(-4.05)
	(-4.40)
	
	(-4.59)

	CASA
	0.62
	0.77
	-
	0.77

	
	(3.46)
	(4.21)
	
	(4.24)

	OJH

(AUTONOMO)
	0.84
	-
	0.79
	-

	
	(4.55)
	
	(4.66)
	

	CONSTANTE
	-2.87
	-2.56
	-5.40
	-2.74

	
	(-11.66)
	(-11.12)
	(-7.71)
	(-11.64)

	Sample size
	1652
	1573
	1718
	1581

	Log Likelihood
	-588.1
	-624.8
	-645.0
	-587.4

	LL (c)
	-1002.6
	-925.6
	-1068.7
	-1020.9

	LL (0)
	-1145.1
	-1090.3
	-1190.8
	-1095.9

	Replica. (% )
	84.2
	82.5
	83.1
	83.7

	ρ²
	0.486
	0.427
	0.458
	0.464

	ρ² adj.
	0.413
	0.325
	0.397
	0.425

	CI
	2.45
	2.43
	5.76
	2.42


Table 4: Relative weight of each attribute

	City
	Linares
	Chillan
	Los Angeles
	Temuco

	Attribute
	Weight  %

	INGRESO
	16.2
	13.9
	11.9
	18.2

	JHSEXO
	4.6
	4.8
	1.1
	5.4

	JHEDAD
	-
	-
	8.5
	-

	EDUC2
	-
	-
	3.8
	-

	EDUC3
	-
	-
	6.8
	-

	EDUC4
	-
	-
	2.2
	-

	EDUC5
	-
	-
	3.1
	-

	HACLC
	8.9
	7.5
	5.4
	9.3

	MACLC
	5.2
	5.2
	1.9
	7.1

	HASLC
	6.7
	8.4
	-
	6.8

	CASA
	7.7
	11.2
	-
	9.4

	AUTONOMO
	2.3
	-
	1.4
	-

	CONSTANTE
	48.4
	49.1
	54.1
	43.9


Another exploratory study consisted of finding out whether there was any difference between socio-economic groups. Samples were split up according to three income levels (low, medium and high), defined in MIDEPLAN (2003a). This was made for the four cities.

It is interesting to point out that car ownership split as well as sample sizes vary between socio-economic groups. Low-income households do not have car and are larger than other groups, whilst high-income groups are more likely to have at least one car and be the smallest sub sample. Indeed, estimated models showed that the constant term was close to zero or non significant for high-income groups. 

Likelihood ratio (LR) test was applied to find out whether was convenient to split the samples, and whether models for sub sample performed better than a unique mode. Table 5 includes information for the application of the LR test. It can be seen than for the four cities, sub models explain better car ownership than a unique (full) model. χ2 is the critical value for the LR test, with a 95% of confidence.

Table 5: 
Log likelihood for sub samples and LR test
	City
	Full
	Low
	Medium
	High
	LR
	χ2

	Linares
	-598.2
	-330.4
	-244.7
	-12.3
	21.6
	21.0

	Chillan
	-624.8
	-64.9
	-389.7
	-153.1
	34.4
	21.0

	Los Angeles
	-669.2
	-284.4
	-362.0
	-6.2
	33.1
	18.3

	Temuco
	-587.4
	-51.1
	-405.4
	-107.3
	47.1
	21.0


A detailed analysis of the sub models showed that in high-income sectors the income is the main variable explaining the possession of at least one car, whereas in low-income sectors other variables are relevant. In other words, attributes affecting car tenure vary in number and relevance depending upon the income level being studied.

A final analysis was related to the possibility of including a non-socioeconomic attribute to explain car ownership. It has been shown already that the constant term is relatively high, implying that there are other factors affecting tenure. These other factors might be associated with the spatial location of house and activities developed by its members, car price in relationship with HH income, psychological and social attitudes of HH members, et cetera. A location variable was considered in this work, given the availability of information.

Chillan and Temuco surveys provided the geographic coordinates of each zone, implying that this analysis could only be made for these two cities. Taking as reference the trip related to the HH head, the Euclidean distance from the origin zone and destination zone was calculated. This distance was included in the model as an additive variable, without good results. Later, this variable was incorporated in the model, but interacting with other variables.

The best interaction corresponded to the combination of the distance with adult females with driving license (DMACLC). When comparing this new specification with the original one (shown in table 3), for the same data base, it was found that the new attribute (distance interacting with MACLC) indeed helped to improve the model quality. A stronger improvement would have been expected though. Sample sizes are smaller than those shown previously for the same city, since some records could not be taken into account. This was due to some origin and destination zones were the same, implying a zero distance.

Table 6:

Logit models considering location

	City
	Chillan
	Temuco

	Attribute
	Coefficient

(t - test)

	INGRESO
	3.40E-06
	3.13E-06

	
	(6.02)
	(5.26)

	JHSEXO
	-1.84
	-1.28

	
	(-4.32)
	(-3.04)

	HACLC
	0.65
	1.48

	
	(2.79)
	(5.72)

	HASLC
	-0.77
	-0.44

	
	(-3.94)
	(-2.02)

	DMACLC
	0.47
	5.68E-04

	
	(4.00)
	(5.15)

	CASA
	0.61
	-

	
	(2.22)
	

	CONSTANTE
	-2.45
	-2.23

	
	(-7.07)
	(-6.33)

	Sample size
	667
	533

	Log Likelihood
	-267.2
	-202.0

	LL (c)
	-403.0
	-363.0

	LL (0)
	-462.3
	-369.5

	Replica. (% )
	81.6
	83.3

	ρ²
	0.422
	0.453

	ρ² adj.
	0.337
	0.443

	CI
	2.53
	2.38


5.
CONCLUSIONS

It has been shown that a discrete choice approach is feasible to apply to model car ownership. Modelling showed that a Logit model performs as well as a Probit model, at least for the data being modelled.

Income resulted one of the main attributes affecting car tenure, but it is not the only one. The possession of driving license also would influence car ownership. The role of the income varies depending on the socio-economic stratum. In low income sectors income and other variables would explain car ownership, whilst in high-income groups, income would be the main factor. Nevertheless, the relative weight of income decreases with the income level: higher the income, lower the weight of this attribute.

A gender issue appears from the analysis. Adult females holding a driving license and travelling further would be affecting positively the car tenure probability, with respect to adult males. More males without driving license at home would be affecting negatively car ownership.

Variation on models between cities might be due to differences between OD survey dates. Linares, Chillan and Temuco surveys were collected in similar years, whereas Los Angeles survey was collected four years before. Differences in macroeconomic aspects might also be affecting the results, but given the modelling approach used in this work, it was not possible to incorporate this information into the analysis.

The relative high weight associated with the constant term allow us to affirm that there are other aspects, no related to socio-economic aspects of the household, that would be affecting the possession of at least one car at home. For instance, household location with respect to CBD and places where family members develop their activities, relative price of the car with respect to the family income, psychological and social attitudes of family members might be affecting the car ownership, public transport decent facilities, et cetera.

The exploratory analysis developed in this work showed that household location might be affecting indeed the possession of one car. The relative location of the household and the places where family members develop their activities would be influencing the need of having a car. This is important considering the trend to sprawl cities, rising the travelling distances. This is connected with the deterioration of public transport, and the final need to acquire a car to satisfy the need to travel to achieve higher needs.

Since the discrete choice approach proved to be feasible, it would be interesting trying to introduce non socio-economic attributes into the model. Regarding the location one, a more detailed analysis is needed. The Euclidean distance between zones is not enough and it is too aggregated to incorporate the whole variability about family members’ trips. Similar analysis is required regarding the accessibility to public transport. Chilean OD surveys provide a complete set of information about trips, family members and households, which might help us to understand better car tenure using disaggregated modelling.
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