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Abstract

This paper utilises the repeated cross-section data from the Household Budget Surveys in Greece and the Family Expenditure Surveys in the UK to compare car ownership and estimate car ownership models for the two countries. The study follows earlier work by the authors which introduced the pseudo-panel approach for the analysis of car ownership. This approach groups individuals or households into cohorts, which are defined on the basis of common shared characteristics, and follows the cohorts in cross-section data sets for different years. From the cohort observations, car ownership is examined over the life cycle and for different generations in the two countries. A comparison of the two countries is of particular interest since they are very different in terms of car ownership and income levels. 
Models relating car ownership to income, the costs of car ownership and use, and the sociodemographic characteristics of the households are estimated for the two countries using a common set of variables, similar time period and a common methodology. The differences and similarities between the UK and Greece are identified and the estimated elasticities for are compared. The magnitude of these elasticities will determine the extent to which motoring could be influenced by various price-related policy measures. 

1 
Introduction
Understanding the historic evolution of travel patterns and the response to changes in circumstances and economic factors is a necessary component in projecting future travel demand and assessing the influence of policy measures. Individual mobility and households’ travel patterns change over the life cycle and are different for different generations. Both of these factors should be taken into account in analysing travel behaviour and car ownership. Ideally, this should be done in the context of a dynamic model, which permits analysis of the intertemporal pattern of the adjustment process and the time scale required for this response. 

Most commonly, two sorts of data are used for dynamic modelling: true panel data, i.e. surveys of the same individuals over time; and aggregate time-series data, made up of observations over comparatively long periods of time of relatively large groups of individuals, generally on a national or regional basis. As shown in Dargay and Vythoulkas (1999) in a study of car ownership in the UK using Family Expenditure Survey data, repeated cross-section data can provide an effective alternative. Since then a number of studies of car ownership using this pseudo-panel approach have been undertaken (for example, Dargay, Madre and Berri, 2000 and Huang, 2005). In the pseudo-panel methodology, a data set is constructed by grouping individuals or households into cohorts, defined on the basis of common shared characteristics, and tracing the cohorts over time in each of the cross-section data sets. The averages within these cohorts are treated as observations in a panel.
This study differs from Dargay and Vythoulkas (1999) in a number of ways. Firstly, car ownership in both the UK and Greece are analysed using a common model and data sample. Secondly, because expenditure surveys are only carried out every 5 to 6 years in Greece, the sample is limited to 6 years at these intervals between 1974 and 2004. Finally, because we do not have data for every year, we cannot estimate a dynamic model as we did in the earlier study for the UK. 

The study employs cohort data - defined in terms of the age of birth of the household head - constructed from the UK Family Expenditure Surveys and the Greek Household Budget Surveys for the years 1974, 1982, 1988, 1994, 1999 and 2004, covering a span of 30 years. Household car ownership is modelled as a function of income, car purchase costs, the fuel price and socio-demographic characteristics.

The paper begins with a description of the construction of the pseudo-panel data and a graphical analysis of the data used in the study. Section 3 presents the econometric model and Section 4, the empirical results and estimated elasticities. We conclude with some suggestions for further work. 
2
THE DATA

In developing the pseudo-panel data set for the analysis of car ownership, the cohorts are constructed from the repeated cross-section data contained in the Family Expenditure Survey for UK, and the Household Budget Survey for Greece.

The UK Family Expenditure Survey has been carried out continuously since the 1960s and provides a random sample of the population with a size of on average around 7,200 households per year. From 2001 this was combined with the National Food Survey to become the Expenditure and Food Survey (EFS). In Greece the Household Budget Survey has been carried out every five to six years since the 1970s; the survey provides a random sample of the population, with a size on average of around 6500 households.  

Apart from expenditures on a wide-range of goods and services (including specific types of transport expenditures), both surveys provide information on household car ownership, income and socio-demographic characteristics. Neither survey, however, contains information on prices, so these must be obtained from other sources. 

Constructing the cohorts

Cohorts are defined in terms of characteristics which are time invariant. The year of birth of the head of the household is the most obvious choice, but other characteristics, such as level of educational attainment, manual vs. non-manual workers, geographical region etc. could also be used. In building a pseudo-panel data set to be used for the econometric analysis, there is a trade-off between the size and the number of the cohorts. Small cohorts imply less precise estimates of the cohort means and thus the trade-off is essentially between the number of the ‘artificial’ observations and the accuracy of these observations. By grouping the individual observations into cohorts, we loose information about the variation of the observations within each group so that estimates obtained on the basis of group means will generally be less efficient than estimates based on the individual data. The loss in efficiency will be minimised if the variation within cohorts is small compared with the variation between cohorts. 

In this study, the cohorts are defined in terms of the year of birth of the household head, using 5-year bands. In order to assure that the cohort means of the variables based on the sample are reasonable estimates of the population cohort variables, only those cohorts containing at least 100 households are included in the graphical and statistical analysis. 
For comparability, the pseudo panel datasets are constructed based on the surveys from 1974, 1982, 1988, 1994, 1999 and 2004, the years that the Greek Household Budget Survey was carried out. This results in 18 cohorts - ranging from those born before 1900 to those born between 1981 and 1986. Because of the long time span covered by the surveys, not all cohorts are observed in each of the survey years. Considering only those containing at least 100 households, we have 81 cohort observations for the UK and 79 for Greece. On average, there are around 500 households in each cohort observation.
Graphical analysis of car ownership patterns

An advantage of using cohort methods is that we are able to follow different generations of individuals over their life cycle. This provides a clear picture of how car ownership differs amongst generations and how it varies over the life cycle for each of the generations, as well as providing an over-all picture of the life-cycle effect. The following figures illustrate these effects.

Figure 1 shows car ownership for some of the cohorts over time for UK and Greece respectively. Car ownership is calculated as the total number of cars owned by all households in the cohort in each year divided by the number pf households included in the cohort for that year. The horizontal axis is the age of the household head, and each of the lines shows the average number of cars owned or used per household in the cohort for each year. The age bands used for defining the cohorts are also shown. The cohorts with heads born between 1921-25 and 1951-55 have 6 observations each, which is the maximum number based on the 6 surveys. For these cohorts, the first observation is for 1974 and the last for 2004, so that we follow these households for a period of 30 years. The eldest and most recent cohorts have fewer observations. 

Figure 1 :  Car ownership in UK and Greek households. Every second cohort shown with year of birth bands for head of household. Observation period 1974 – 2004
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There are clear differences between the two countries. In the UK, there is an obvious life-cycle effect: car ownership increases with the age of the household head up until about the age of 50, and thereafter declines.  In Greece, similar patterns cannot be identified so clearly from the available data. For the eldest cohorts, i.e. for those with heads born before 1935, car ownership continues to increase up to the age of 65 – 70, although remaining at a very low level. For the remaining cohorts, i.e. for all cohorts with household heads born after 1935, car ownership continues to increase up until 2004, the final year of the sample, so that it is not possible to identify the age of the household head at which car ownership attains its maximum and thereafter declines. It seems that in Greek households car ownership increases until the household head is around 65, i.e., 15 years later than that of the UK households. This is partially explained by the fact that in Greece adult children owning cars live with their parents for a longer period, than those in the UK who form their household at an earlier age.

Apart from the life cycle effect that is observed in the car ownership patterns in both countries, there is also a generation effect: car ownership at each age is higher for more recent generations than for older ones. The difference amongst generations, however, appears to be declining for the most recent generations particularly in the UK. 

Car ownership is higher in the UK for all cohorts. The difference between the two countries is particularly apparent in the 1970s (figure 2) when the average car ownership in Greek households does not exceed the 0.2 cars per household, while during the same period average car ownership for the majority of UK households was higher than 0.6 cars per household. Differences in car ownership levels between the two countries are less significant in 2004. For most of the cohorts, UK household car ownership is 20%-30% higher than that of Greek households, but for the most recent cohorts this percentage difference is much higher. 
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Figure 2: Car ownership per cohort for UK and Greece, in 1974 and 2004

Part of the life-cycle effect has to do with differences in income and household size over life cycle. Similarly, part of the generation effect, as well as the differences between the two countries, can be explained by the generally rising aggregate income over the past decades. These underlying factors are illustrated in the figures 3 and 4.

Figure 3 shows income over the life cycle for the same cohorts. In the UK we find that in general, real income, as measured by total monthly expenditures in constant prices, increases over the life cycle until the early 50s and declines thereafter - a similar trend as that noted for car ownership. In Greece, such patterns cannot be clearly identified. It seems that in Greek households income increases until the household head is in his late fifties / early sixties, i.e., 10 years later than that of the UK households. Patterns of household income are similar to those noted for car ownership in Greece.
The increase in real incomes over time also gives rise to a generation effect in terms of income: at each age level, incomes are generally higher for more recent than for older generations, although the effect is not as clear cut for the most recent generations. Again, these income differences are reflected in the generation effects noted for car ownership in figure 1.
Figure 3 :  Total monthly expenditure in UK and Greek households. Every second cohort shown with year of birth bands for head of household. Observation period 1974 – 2004
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Besides household income, household size and composition also play an important role in determining car ownership. The number of adults in the different cohorts is shown in figure 4. The life cycle effect is evident. In the UK, the number of adults per household increases as the age of the head increases from 40 to 50 years, as children become adults, and declines thereafter, first as ‘adult’ children leave home, and then finally predominantly through death. This reflects very closely the trend in the UK household car ownership illustrated in Figure 1.

Figure 4 :  Number of Adults in UK and Greek households. Every second cohort shown with year of birth bands for head of household. Observation period 1974 – 2004

[image: image5.emf]0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

1,6

20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

Age of Head of Household

Cars per household

Greece-2004

UK-1974

Greece-1974

UK-2004



UK




       Greece

Similar life-cycle patterns are observed in Greek Households. The number of adults per household rises as the age of the head increases from 40 to 50 years, as children become adults.  However, adult children stay with their parents for a longer time period than in the UK. Thus the number of adults per household remains stable as its maximum level, as the age of the household head increases from 50 to 60 years old and declines thereafter, first as ‘adult’ children leave home to form their own household and then finally predominantly through death. 

An interpretation of the effects of household structure on car ownership is that part of the increase in household car ownership is the result of grown children still living in their parents’ household obtaining cars, while part of the decline is explained by these adult children leaving the household and presumably taking their cars with them. Apart from the life-cycle pattern, a generation effect can also be noted in the figure. From the left-most cohorts shown, the increasing proportion of single-adult households over recent years is evident. 

Generally, both real income and real expenditures per household increase over the life cycle until the late 40s for UK households and until the late 50s for the Greek households and decline thereafter. The number of adults per household increases and declines in a similar fashion as children become adults and then begin to leave home, and later when spouses die. In addition, part of the generation effect can be explained by the generally rising real income over the past decades and changes in transport behaviour as individuals have become more dependent on the car.

Transport Costs

Car ownership can also be influenced by prices – not only the purchase prices of cars, but also the costs of petrol. Since information on the prices relevant to individual households is not available, we are forced to resort to national price indices, which are assumed to be identical for all households. The price data are shown in Figure 5 for the years 1974 to 2004. All prices are converted into real terms using the retail price index and shown in index form, with the prices for 1974 set equal to 100. Car purchase costs are calculated as a sales-weighted average of new and second-hand car prices. 

Figure 5: Real transport prices, 1974 – 2004, 1974 = 100
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In the UK, we see that since 1974, car purchase costs have been constantly decreasing with the highest rate of decrease observed in the late 1990s – early 2000s. In real terms, 2004 car purchase cost prices are 46% lower than those of 1974. Regarding fuel prices, during the last three decades, these have shown a substantial fluctuation, primarily as a result of oil price shocks of 74 and 79 and the price collapse of 1986. In the years that we analyse, fuel prices have been fluctuating within a range of ±15% around the 1974 prices. Since 1974 fuel prices have increased by 12% in real terms. 

In Greece, between 1974 and 1988, fuel costs have declined significantly. In real terms the 1988 prices were 50% lower than those of 1974, and then remained more-or-less constant.  In 2004, fuel prices are 52% lower than those of 1974. Regarding car purchase costs, substantial fluctuations are evident during the period 1974 – 2004. Between 1974 and 1988, car purchase prices have increased in real terms by 35% mainly due to increases in the special consumption tax which amounted to up to 120% of the factory prices. In the early 1990s, the special consumption tax was abolished and replaced by a vehicle registration tax which was substantially lower (50% of SCT) and since then is progressively reduced.  As a result, in real terms the 2004 car purchase prices are 43% lower than those of 1974. 

3
MODEL SPECIFICATION
Following earlier work on car ownership, it is assumed that the number of cars per household, Ci,t, for cohort i in period t can be expressed as:
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where Yi,t, Ai,t, and Ki,t are the averages of real total household expenditures, the number of adults of driving age and the number of children per household included in cohort i in period t. Pt is an index of real car purchase prices, which includes both new and second-hand cars, and Ft is the real fuel price. Although these prices vary over time, they are assumed to be the same for all cohorts in each country. This should be a reasonable approximation since the number of households making up each cohort is relatively large. The (i are cohort-specific intercept terms relating to the generation effects and differences between cohorts not explicitly included in the model, and ui,t are random error terms. Since the cohort observations are averages of the individual households included in each cohort, these can be considered as error-ridden measurements of the population cohort means, so that errors-in-variables techniques are required to yield a consistent estimator (see Deaton, 1985) However, as shown by Verbeek and Nijman (1992), when the cohort size is fairly large (at least over 100 individuals) and the time variation in the cohort means is sufficiently large, the bias in the standard fixed effects estimator will be small so that measurement-error problem can be ignored. This is the approach taken in this study.

Since the numbers of households in each cohort and for every time period are not the same, the disturbance term ui,t will be heteroskedastic so that the estimates of the coefficients will not be efficient. This heteroskedasticity can be corrected for by weighting the cohort observations with the square root of the number of households making up each cohort. 

The model as written in equation (1) above assumes a linear functional form. This has certain implications for the estimated elasticities. The elasticities are calculated as: 
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(2)
where X is any of the independent variables. This implies that the elasticity increases with the level of the independent variable, but decreases as car ownership increases. We do not assume the linear form, but instead estimate a number of alternative functional forms and test which is statistically supported by the data. Besides the linear form, double-log (constant elasticity) and semi-logarithmic models are estimated.   
4
ESTIMATION RESULTS
Various functional specifications of the model in equation (1) were estimated for the UK and Greece simultaneously. Time-invariant differences between countries are captured by including a dummy variable set equal to 1 for the UK and 0 for Greece. The data used are those described previously. All income and price variables are expressed in real terms, the income variable in 2004 UK£s. 
A number of models are estimated, ranging from the most unrestricted form, where the coefficients of all variables are allowed to be country specific (i.e. equivalent to estimating the model for each country separately), to most restricted model in which the coefficients of all variables are constrained to be the same for both countries. The various restrictions were tested using Likelihood Ratio tests.  In addition to this, various functional forms as described in the previous section were estimated and tested.
In all specifications, most variables with the exception of children are highly significant. Regarding functional form, we find that the linear model is the preferred on the basis of the statistical tests.  As for restrictions on the coefficients for the two countries, common fixed-effects (generation effects) are rejected, as are common coefficients for car purchase costs, but common coefficients for the income and the fuel price are not rejected. The results for the preferred specification are presented in the Table 1. 
We see that all estimated parameters are of the expected signs and highly significant. Car ownership increases with the number of adults in the household and with household income, but declines with both fuel prices and car purchase costs. The UK intercept is the coefficient for the dummy variable set equal to 1 for the UK and equal to zero for Greece. The estimated value indicates that for households with similar income and number of adults, UK households have about 0.6 more cars than their Greek counterparts. This is probably explained by the later motorisation of Greek households. From the R2 value, the model explains the data very well, with nearly 97% of the variation in car ownership in the two countries explained by the independent variables in the model, including the fixed cohort-effects. 
Table 1 : Estimated coefficients for the linear model with separate fixed-effects and coefficients for car purchase costs for the UK and Greece.
	
	coefficient
	t-statistic

	Adults
	0.15370731
	         4.239

	Income
	 0.00049642
	15.358       

	Purchase price UK
	-0.00529682
	-7.364

	Purchase price Greece
	-0.00323783
	-9.483

	Fuel price
	 -0.00332443
	-7.103

	UK intercept
	0.60267465
	4.969

	
	
	

	Adjusted R2
	0.9674853
	

	F-value
	125.5
	

	Log likelihood
	212.064
	

	Sum of squared residuals
	0.6613293
	


The resulting elasticities are shown in Table 2. Since the model is in linear form, the elasticities are not constant, but vary according to the levels of car ownership and the independent variables (see equation 2). The elasticities in the table are calculated for car ownership, income and price levels of 2004, the last year of the data sample. As expected, the income elasticity is greater in Greece than in the UK. However, the elasticity is less than unity for both countries, suggesting that car ownership is a necessary, rather than a luxury, good. This is of course, only valid for the average income and car ownership levels for 2004. For earlier years with lower car ownership and income levels the elasticities were higher. For example, in 1999, the income elasticities were 0.83 for the UK and 1.15 for Greece. Regarding the price elasticities, demand appears to be more price-sensitive in the UK, particularly with respect to the fuel price. This is explained by the much higher motor fuel prices in the UK. The elasticities with respect to car prices are very similar in the two countries, despite the rejection of common coefficients for the car purchase cost variable for the two countries. Again, we must recall that the elasticities increase with the price level and decrease with increasing car ownership. In both countries, car purchase costs have declined substantially over time, so that the purchase cost elasticity will have been much higher in the past. On average, however, it appears that the fuel price and car purchase price elasticities are of similar orders of magnitude. 
Table 2 : Estimated elasticities for the linear model with separate fixed-effects and coefficients for car purchase costs for the UK and Greece.
	
	UK
	Greece

	Income
	0.79
	0.88

	Purchase price 
	-0.25
	-0.22

	Fuel price
	-0.33
	-0.19


Comparing these elasticities with those from other studies is not straight forward. As mentioned in the introduction, earlier pseudo-panel studies for the UK use continuous data, so that every year is included in the sample, and a dynamic model formulation. Regarding the latter point, it was shown in Dargay (2002) using data for the UK from 1976 to 1995, that the elasticities obtained from a static model were very similar to the long-run elasticities estimated on the basis of a dynamic model, in which previous car ownership was included as an explanatory variable.   The implication of using only a selection of years with uneven intervals is more difficult to ascertain. Comparison of estimates for the UK based on all years with those based only on the six years used in this study indicates some degree of instability in the estimated parameters, although in all cases the estimates based on the smaller sample are not statistically different from the estimates based on the full sample at the 5% level. As expected, the estimates based on the smaller sample are less-well determined, with greater variance and much wider confidence intervals. 
Assuming the estimates to represent long-run values, we find that the income elasticities for the UK are higher than those obtained in our earlier study (Dargay and Vythoulkas, 1999) for the UK, where a value of 0.65 in was found for 1995. The purchase price elasticity is very similar to the one estimated in previous study if similar years are compared. Fuel prices, however, are not included in the earlier study, but per kilometre fuel prices are included in Dargay (2002). The elasticity is lower than that obtained for per litre fuel price as used in the current study, even for the same year, whereas we would expect the opposite to be the case. Our elasticities can also be compared with the average long-run values reported in Goodwin et.al. (2004) in their review of the literature. For income, they report 0.81, compared to our 0.79 for the UK and 0.88 for Greece; for car purchase costs, -0.49 compared to -0.25 for the UK and -0.22 for Greece; and for the per litre fuel price, -0.25 compared to -0.33 and -0.19 for the UK and Greece. The most substantial difference is in the relationship between the elasticities with respect to car purchase costs and fuel prices. In the literature review, car prices have nearly twice the effect of fuel prices on car ownership, whereas our estimates do not support this. However, as mentioned earlier, our estimates show that the elasticities are not constant, but depend on car ownership and price levels, so an overall value is not very meaningful. 
5
CONCLUSIONS 
The results presented in this paper demonstrate the usefulness of the pseudo-panel methodology in analysing the evolution of transport relationships. The estimated elasticities are of a reasonable order of magnitude and within the ranges suggested by other studies. 
Further work using the pseudo-panel methodology will include the investigation of the sensitivity of elasticity estimates to differences in cohort definition, data sample and model specification. Concerning cohort definition, a suggestion would be to examine differences between rural and urban households or between different income groups. Regarding data sample, it would be useful to compare estimates based on different time intervals over the period of analysis. Finally, we hope to explore the possibility of introducing dynamics into the model specification. Although this has been done for the UK using continuous data, an extension to unequally spaced pseudo-panels is not straight forward. This would be a valuable contribution, since the dynamics of transport decisions are best analysed on the basis of dynamic models few countries have continuous repeated cross-section data sets while many carry out surveys every 5 or years or so. 

Acknowledgements

Material from the Family Expenditure Survey is Crown copyright; has been provided by the Central Statistical Office through the ESRC Data Archive; and has been used by permission. Neither the CSO nor the ESRC Data Archive bears any responsibility for the analysis or interpretation of the data reported here. Material from the Household Budget Survey has been provided by the General Secretariat  of National Statistical Service of Greece and has been used by permission. The NSSG  bears no responsibility for the analysis or interpretation of the data reported here.
References

Dargay, J., 2001. The effect of income on car ownership: evidence of asymmetry, Transportation Research Part A 35 807-821.

Dargay, J., 2002. Car ownership in rural and urban areas: a pseudo-panel analysis, Transportation Research, Part B 38 351-366.
Dargay, J., Madre, J-L., Berri, A., 2000, Car ownership dynamics as seen through the follow up of cohorts: a comparison of France and the UK, Transportation Research Record, No 1733.

Dargay, J., Vythoulkas, P., 1999, Estimation of a dynamic car ownership model: a pseudo panel approach, Journal of Transport Economics and Policy 33(3) 283-302.

Deaton, A., 1985. Panel data from time-series of cross-sections, Journal of Econometrics 30, 109-126.
Goodwin, P.B., Dargay, J., Hanly, M., 2004. Elasticities Of Road Traffic And Fuel Consumption With Respect To Price And Income: A Review, Transport Reviews, 24, 275-292.

Huang, Biao, 2005. Car demand forecasting using a dynamic pseudo-panel model, paper presented at the European Transport Conference, Strasbourg.

Madre, J-L., 1990. Long term forecasting of car ownership and use, Developments in Dynamic and Activity Based Approaches to Travel Analysis (P Jones ed.), Gower Publishing, Oxford.

Verbeek, M., Nijman, T., 1990. Can cohort data be treated as genuine panel data?, in Panel Data Analysis (B Raj and B H Batalgi eds.), Physica-Verlag Heidelberg. 





















































































PAGE  
1

_1079269892.unknown

_1229100747.unknown

