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Abstract

This paper examines the element of car ownership for households living in rural and urban areas. Model is estimated by using a pseudo-panel approach. Data is form the household survey, Panel Study of Income Dynamics (PSID)1 conducted by University of Michigan in the United States in the 1975-1985.  Results of this analysis proves that rural area households car ownership behaviors are less sensitive than the urban households respect to the general increase in car maintenance costs and socio demographic characteristics of the household. 
1. Introduction

This paper develops the repeated cross-section data from PSID in United States to estimate a car ownership model. Model is based on pseudo-panel approach1 which entails grouping individuals or household into cohorts which are defined on the basis of common shared characteristics and tracking the cohorts over time. By treating the cohorts as observations in a panel, a dynamic model is estimated on the basis of the pseudo panel data set. Although the data are not a true panel, since the individuals included change year to year, the individuals within each cohort have similar characteristics in each time period, so that the cohorts can be treated as if they were observations of the same individuals over time. 
Model relates car ownership to income, the cost of car ownership and use, sociodemographic characteristics of the households. Since the study is based on panel data analyses, changes in these factors can be analyzed over time. 

By treating the averages for the cohorts as observation in a panel, model is estimated on the basis of the pseudo panel data set. Although the data are not a true panel since the individuals included change year to year, the individuals within each cohort have similar characteristics in each time period, so that the cohorts can be treated as if they were observations of the same individuals over time. However this term called ‘pseudo-panel.’
The model connects car ownership to income of head, the cost of car ownership and use, and the sociodemographic characteristics of the household. It is dynamically specified so that the effects on car ownership of changes in these factors can be analyzed over time. The study follows up J. M. Dargay’s (2002) research but in that research time period is taken from 1977 to 1985. (Dargay’s (2002) research is based on data from Family Expenditure Surveys in the UK for 1982-1995)
The main purpose of this econometric modeling work is to determine the effect of car maintenance cost on car ownership behaviors in different time perspectives. For this reason, several short and long run elasticities calculated and it will determine different area residents’ response to the cost and other different factors to the car ownership decisions. Since the elasticities differ for different household groups, it will determine the distributional aspects of cost increase. Car dependency is greater in the rural areas because of the less public transportation possibilities and the longer distances in those areas. So, rural area households will be more limited to adjust to increases in car maintenance costs. However, elasticities are expected to be smaller in the rural area. This study also provides empirical evidence of the differences in elasticities between these groups. 
Data:
As it mentioned before, the model is based on the idea of a pseudo-panel data set constructed primarily from the survey of Panel Study of Income Dynamics (PSID). This survey has been carried out annually since 1968 provides a sample of over 6000 household per year. The variables of interest in the current study are number of people living in the household, household car ownership, annual wage of head and number of children in the household. The nature of the urban/rural residency indicator will help us to determine urban and rural households and we will be able to see the car ownership differences in those areas. 
However, PSID doesn’t contain information on cost related with car ownership. That data must therefore be obtained from other sources. For this purpose Transportation Energy Book is used and all costs are assumed to be identical for all households.  
Figure 1. 
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The Cohort Data:
Cohorts are formed by grouping households on the basis of shared characteristics. In this model ‘generation’ and ‘residential location’ specifications are used. Generation is defined by the year of the birth of the household head, while residential location groups households into those living in urban and rural areas2. The cohorts are traced over time in each of the annual surveys, and the cohort observations for car ownership, wage and household composition are constructed as the average values of the household included in each year-of birth/area group. In order to ensure that the cohort means of the variables based on the sample are reasonable estimates of the sample of the population cohort variables, 5 year bands are used for defining the generations. 
Figure 1 shows the expected initial results of the car ownership in urban and rural areas. It is clear that car ownership is higher for rural than for urban households for birth year cohorts.  Figure illustrates that car ownership begins at a relatively low level, increases rapidly as the age of the household head increases, reaches a maximum at 1930 year of birth and slowly declines. The generation effect is seen by comparing car ownership for cohorts in a common area and of the same age groups, but with different years of birth. Later, we will investigate the generation effect in urban, rural and all areas, using the result of the regression analysis. 
Costs of Operating an Automobile:
Cost of operating an automobile is a very important determinant on car ownership. Because information on the costs relevant to individual households is not available in PSID survey, it is necessary to use national average cost data. 

The total cost of operating an automobile is in real term which is adjusted by the Consumer Price Inflation index. The total cost of operating an automobile is the sum of the fixed cost (depreciation, insurance, finance change and license fee) and the variable cost, which is related to the amount of travel. Transportation Energy Data Book (Edition 20-2000) provides aggregate data including variable cost and fixed cost calculated in per mile terms. 
Model Specifications:
A partial adjustment model is used to specify the dynamics of car ownership. We begin with constructing the model by assuming that desired long-run car ownership, Cari,r,t , for cohort generation i in region r at time t  is;
Cari,r,t = f (W i,r,t, ,F i,r,t ,CHI i,r,t ,COSTt , Gi,r ) ,




(1)
Where W i,r,t, ,F i,r,t ,CHI i,r,t ,COST i,r,t , Gi,r  are annual wage of head, number of people living in the household, number of children in the household and real automobile maintenance cost which is identical for all households respectively. Even though general pattern of car ownership influenced by generations seems the same for all regions, this model specifies Gi,r is a cohort specific generation effect, assumed to be different for all regions3. One specification of generation effect is tested for this model which is the fixed-effect model4 that contains a time-invariant year-of-birth cohort specific intercept term. 

Using the partial adjustment model of Dargay (2002) study; it is based on the idea that households do not fully adjust to changes in circumstances or costs instantaneously, or within one time period. Instead, only a proportion δ of their desired adjustment is achieved during the first year. 


Cari,r,t  -  Cari,r,t-1 = δ (Cari,r,t  -  Cari,r,t-1) 





(2)
while adjustment in following years declines geometrically, finally to become negligible over time. Substituting desired car ownership (1) into (2) and rearranging terms results in the familiar lagged dependent variable model, where car ownership, Cari,r,t  , for cohort of generation i in region r at time t is expressed as,
Cari,r,t  = δ f (W i,r,t, , F i,r,t , CHI i,r,t , COSTt , Gi,r) + (1- δ) Cari,r,t-1  +u i,r,t  


(3)
Where Cari,r,t-1  is car ownership in period t-1. 

In order to identify a functional form for the long-run relationship between car ownership and independent variables for ALL, URBAN and RURAL areas, 2 models are used which are described below:
Model M1 – Double-log Model

ln Cari,r,t = δGi,r + δβw,r  ln Wi,r,t + δβF,rln ln Fi,r,t + δβCHI,r ln CHIi,r,t + δβCOST,r ln COSTt + (1- δ) ln Cari,r,t-1 + u i,r,t  










(4)

This model is the commonly used constant elasticity model.
Model M2 – Log-inverse Model
ln Cari,r,t = δGi,r + δβw,r /Wi,r,t + δβF,rln ln Fi,r,t + δβCHI,r ln CHIi,r,t + δβCOST,r ln COSTt + (1- δ) ln Cari,r,t-1 + u i,r,t  










(5)
This model implies a constant elasticity for all variables except wages. The log of car ownership is related to the inverse of wage of head (1/W) so that elasticity of wage elasticity declines with increasing wage. 
The short-run elasticities are determined by the coefficients of the independent variables, while the long-run elasticities are equal to the parameters of the long-run demand function5. 
Empirical Results:
Fixed effect version of the functional specifications in equations (4) and (5) are estimated from the year of birth cohort and area cohort data described above. The estimation is based on pooled cross sectional time series data for 12 cohorts in ALL, URBAN and RURAL areas. These are shown in Table 1, along with the mean number of households in the sample comprising each cohort. Cohorts are available for the 1979-1985 time periods and in all we have total of 96 observations for each areas. 
In order to explore possible variation in elasticities for households in different areas, separate models are estimated for each of rural, urban and all areas. Since the number of households in each cohort /time period is not the same, the model is corrected for the heteroskedasticity.
[image: image2.png]Table 1
Cohorts included in the estimation and mean number of households per year.

Mean number of household per year

Cohort  Date of birth of Head

URBAN RURAL ALL
1 19011905 2 52 126
2 1906-1910 67 102 227
3 19111915 88 123 300
4 1916.1920 128 152 384
5 19211925 130 169 403
5 1926.1930 159 212 465
7 19311935 145 195 383
8 1936.1940 1 179 397
9 19411945 152 253 530
10 1946.1950 269 400 877
1 19511955 2 560 1180
12 1956-1960 287 435 912





In addition to correction for heteroskedasticity, if one or more lagged endogenous variables are presented in a model, errors are serially correlated. Since we used car ownership of time period (t-1), this application causes serial correlation. Because of that, model is also corrected for serial correlation.

Initially, fixed effect variations for all models (M1 and M2) were estimated. However likelihood ratio tests for all models showed that Model 1 rejects Model 2 for all areas which means that Model 2 is excepted for URBAN RURAL and ALL area models. Log likelihood test results are shown in Table 2. 
[image: image3.png]Table 2
Tests for functional specification of the fixed effect models.

Models Test Test Statistics Results

ALL

1vs2 Log-likelihood values (LL) LL(1)=2239 > LL(2)=2228 Reject model 2
URBAN

1vs2 Log-likelihood values (LL) LL(1)=1627 > LL(2)=1512 Reject model 2
RURAL

1vs2 Log-likelihood values (LL) LL(1)=199.8 > LL(2)=196.1 Reject model 2






 When we look at the Table 3, we see the regression results for Model 1 that we preferred for all 3 equations. Table 3 shows estimated coefficients for the given variable, followed by standard errors and probability values for ALL, URBAN and RURAL area regressions. All the estimated parameters are of the expected signs and generally significant. Car ownership increases with the wage of head and the number of people living in the household, while it decreases with increasing the car maintenance costs. The coefficient of lagged dependent variable is also significant for all 3 models. The value of (1- δ) for ALL area, estimated to be about 0.58 implies that %42 of the adjustment of car ownership to changes in the independent variables occurs within one year. When we look at this ratio separately, it becomes %62 in the URBAN and %59 in the RURAL area. We see that the speed of adjustment in URBAN area is bigger than RURAL area. 
[image: image4.png]Table 3
Estimated double-log model, dynamic specifications (Estimator = 2 Step GLS)

ALL URBAN RURAL
Variables Coefficient Std.error pvalue  Coefficient Std.errorp.value  Coefficient Std.error p.value

Cars per household (1) 05864  0.0549  0.0000 03876 04330 00000 04188  0.0696  0.0000

Wage of Head 00342 00126 00069 00348 00053 00000 00385 01321 0.0035

Family 02154 00985 0.0288 04394 06154 00000 01700 05748 0.0031

Children  -0.0385 00279 02036  -00170  0.0125 01746  -0.00% 00125 04520

Cost 01189 02813 00000  -0.1382 00393 00004 01159 00315 0.0002

G1 0038 02180 08660 00827 01623 06102  -0.0090 01577 09547

G2 00401 02108 08493 02669 01699 01163  -0.0007 01637 0.9964

G3 00207 02038 09191 01538 01625 03442 00806  0.1662 06275

G4 00181 02092 09931 02306 01638 01592 08213 04709 0.6307

G5 00687 02108 07444 02676 01655 01059 01970  0.734 02568

G6 01093 02124 06070 00622 01649 07512 02255 01749 01974

G7 01027 02128 06294 01887 01631 02473 02341 01763 01844
G8 00827 02122 0696  -0.3012 01639 00660 02254 01751 0.1980

G 01179 02066 05680 01433 01607 03726 02170 01750 02151
G10 00927 02029 06479 01430 01591 03686 01836 01735 02900
G 00420 01997 08335 02309 01603 01497  009% 01718 05620
G12 0008 01971 0951 02727 01626 00936 00385 01705 08216
Log-Likelihood mu 16272 199.80
Lagrange Multiplier 2665 3410 3245
Observations 9% 9% 9%

Estimated Parameters 17 17 17





The assumption of this model begins with the RURAL households are more dependent to car ownership then URBAN households since the public transportation opportunities are higher in URBAN than RURAL area. In other words, URBAN households are influenced more by household characteristics, income and cost of having a car than in RURAL area. 

The estimated fixed effects for each year of birth are also shown in the table. This can be interpreted as ‘generation effects’, which can not be explained by the included explanatory variables. Results show that generation effect in not significant in all areas. 

The coefficients are very similar for wage of head in all models but coefficient of RURAL is the highest one comparing with the ALL and URBAN unexpectedly. On the other hand, number of people living in the household appears highly significant and ALL area model coefficient is lying within the intervals of the coefficients of URBAN and RURAL area models. The number of child in the household is not significant in either of the models indicating the insignificancy of number of children in the household on car ownership decision. Cost of car ownership is also highly significant even in RURAL model which means that contrary to UK model in Dargay (2002), households in USA are highly sensitive for car maintenance costs no matter where they leave. 
We assume that ALL model is restricted model since it doesn’t have specific information about nature of the urban/rural residency, we can compare those models with Lagrange Multiplier values whether unrestricted models (URBAN and RURAL) improve the explanatory of the restricted model. Therefore, it shows that the explanatory power of the model increases while specifying the models with URBAN and RURAL. 
[image: image5.png]Table 4

Estimated short- (SR) and long-run (LR) elasiticities *

ALL URBAN RURAL

SR LR SR LR SR LR
Dynamic Model
Wage 00342 0082616 00348 0.05674 00385 0066242
Family 02154 0520793 04334 01700 0292498
Children 0.0355  -0.08563 0.0170 0.0094  -0.01617
Cost 01189 028748 01382 022567 01159 -0.19942
Static Model
Wage 01223 0051099 00956
Family 0715 06908 02727
Children 01527 0.0517 -0.0089
Cost 02191 0125 01738





The short-run and long-run elasticity results for ALL, URBAN and RURAL models are represented in Table 4. Short-run elasticities are obtained directly as the estimated coefficients while long-run elasticities calculated by the formula5. Elasticity of wages show that wage effect is not significantly different in URBAN and RURAL areas. In all cases the wage elasticity is below unity, indicating cars to be a necessary rather than a luxury good. Elasticities for family size and car maintenance costs are higher in URBAN since car ownership is higher in RURAL area and increasing family members and cost of car ownership is more elastic in URBAN area.

For comparison, the lower section of Table 4 shows the elasticities obtained from the same models using a static specification, which is without the lagged car ownership term. These elasticities are based on the estimates presented in Table 5. The overall pattern of the coefficients is very similar to that obtained in the dynamic specification, although they are generally of a greater order of magnitude. Since we can obtain long-run elasticities besides short-run elasticities, dynamic model is preferred. This ides is supported with the log likelihood values and static models are rejected for all areas oppose to the dynamic models. 
[image: image6.png]Table 5
Estimated double-log model, static specifications (Estimator = 2 Step GLS)

ALL URBAN RURAL
Variables Coefficient Std.error p.value  Coefficient Std.error p.value  Coefiicient Std.error p.value
Wage of Head 01223 0.0117  0.0000 00511 0.0110 0.0000 0095  0.1181 0.0000
Family 07165 01245 0.0000 06908  0.1205 0.0000 02727 0.0635 0.0000
Children  -0.1527  0.0340  0.0000 00517 0.0308 0.0929 00089 0.0147 0539
Cost  0.2191  0.0389 0.0000 01250 0.0658 0.0390 01738 0.0328  0.0000
61 08619 02684 0.0013 04820 02711 0.0754 02243 01838 02223
G2 08718 02556 0.0006 08047 02871 0.0081 02614 01916 0.1723
G3 07546 02491 0.0025 06190 02670 0.0204 01466 0.1965 0.4554
G4 08340 02531 0.0010 06982 02712 0.0100 01783 02022 03780
G5 07251 02575 0.0049 07586 02732 0.0085 00058 02077 0.9776
G6 06533 02606 00122 04252 02788 0.1273 00272 02095 0.8967
GT 06742 02613 0.0099 06170 02751 0.0249 00298 02100 08872
G8 07441 02581 0.0039 07932 02737 0.0038 00047 02084 0.9819
G9 06458 02536 0.0109 05440 02699 0.0438 00179 02077 0.9313
G610 06902 02471 0.0052 05525 02637 0.0362 00719 02085 07264
G11 07974 02390 0.0009 07088 02595 0.0063 02151 02018 0.2865
G2 08841 02321 0.0001 08491 02563 0.0009 03170 04987 0.1106
Log-Likelihood 190.07 13371 191.21
Lagrange Mul 4124 4257 3048
Observations 9% 9% 9%

Estimated Parameters 16 16 16






Conclusion: 


This paper present the idea that urban/rural nature of residency affects the car ownership decisions of the households. This idea tested with pseudo-panel methodology in analyzing dynamic transportation relationships. Although wage effect didn’t give the expected elasticity results, cost and family effects are found substantial. In particular, results indicate that car ownership is more sensitive to changes in car maintenance costs for urban households then rural households. The effects of the Child variable are found to be insignificant but the effects of the number of people living in the household are found to be highly significant and responsive to urban / rural differences. Together, these results indicate that if the number of adults who directly need cars change in a household, it will have a more substantial effect on the car ownership decision than if the number of children in the household were to change. 
This work also provides the short and long run elasticities. We showed that it is possible to predict long run elasticities with the static model but dynamic model provides short-run elasticities and it makes easier to see the adjustments of the households respect to car ownership over time. 

Notes:
1. The ‘pseudo-panel’ data was introduced by Deaton (1985) for the analysis of consumer demand systems. The research demonstrates that repeated cross section data can be treated as panel data and it considers the estimation based on this approach.  
2. Urban is defined as a place where density is 500.000 and more and Rural is a place where density is between 499.999 and 25.000.
3. Dargay (2002) assumes that Gi,r is same for all regions and constant over time for each year-birth cohort. 

4. In Dargay (2002) two specifications of generation effect are tested. One is normal fixed-effect model; the other is generation effect which is generally known as a random effect model. 
5. Assuming that we have estimated a distributed lag model with a geometric lag, specified as:
log Qt = β1 + β2 log Pt + β3 log Yt + β4 log Qt-1 + εt
where Q is quantity, P is price, and Y is income. For this equation the short run price and income elasticities are β2 and β3, respectively, but the long run elasticities are;

              ηp = β2/(1- β4) 

and 

ηy = β3/(1- β4) 

Appendix 
The purpose of the econometric analysis for the analyst or econometrician is to get the UNBIASED estimate. In order to see if the statistical model is biased or not, we need to apply some proper tests to the model. Sometimes data and the analysis can become very complicated with respect to the biased results and we can only correct the errors with the help of those tests. But what if the statistical software that you are using for your research can not help for all respects? This problem was the most challenging part of this research. 

Even if you define what kind of steps you need to follow for the proper results, if statistical software doesn’t help for your analysis, your only option may be finding another program. 
I initially used SAS® software and its statistical procedures in my research. SAS® was perfectly sufficient for data transformation and data successfully created for regression analysis. Basically the weakness occurred when I tried to run the regression with PROC TSCSREG and to get the heteroskedasticity test and log likelihood values.  This problem drove me to search for other software packages to achieve those goals and I figured that LIMDEP could help me in this matter because LIMDEP makes a GLS estimation which gives Log likelihood values and other related measurements. In addition LIMDEP can correct the errors for heteroskedasticity and serial correlation which was necessary for my model.

On the other hand, there were 18 cohort numbers in the data set initially; but in order to obtain a balanced data, first four (including year of birth from 1881 to 1899) cohorts and last two (from year of birth from 1960 to 1976) cohorts were deleted. Otherwise LIMDEP ignores to analysis the data. In addition to that LIMDEP doesn’t analyze the time series cross sectional data if you have more than 20 cohort groups. 
It was a good experience to see the strong and weak sides of SAS® and LIMDEP. Finally, starting the analysis with SAS® and ending with LIMDEP confirmed that sometimes one statistical software package is not enough for scientific research in statistics and econometrics. 
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