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Keywords: Tenure Choice, Maximum Likelihood, Instrumental Variables JEL Codes: R21, C34, C35, J01 Abstract Housing tenure choice has been the subject of a very large literature. Many treatments have sought to estimate the effect of household income on the likelihood of home ownership. To date, no study has ever disaggregated the household income of married couples into the separate labor income components to see if one partner’s income has a different effect than the other. Using a derived likelihood function to control for censoring in the wife’s income, this paper estimates the effect of separate incomes on housing tenure choice, accounting for possible endogeneity of the wife’s income. To compare the results of this estimation method, the paper also estimates the standard IV models, 2SLS and IV probit. While the results show that there is no endogeneity of the wife’s income, ignoring the censoring of the endogenous variable (when a large fraction of observations are censored) can possibly lead to biased coefficient estimates.
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Introduction



Home ownership is seen as one of the crowning achievements in a person’s life cycle. For many years, it has been a large part of the American Dream, where the model lifestyle included a family and a house in the suburbs. In addition, home ownership (and the capital gains it ∗
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generates) is the primary way households generate wealth. Whether as a consumption good or investment good, owner-occupied housing is encouraged by government entities since it is seen as a means for a more stable society. Acquiring shelter is an economic activity in which virtually all members of society participate, either in the rental or owner-occupied markets. During the recent housing bubble, there were sharp increases in house prices, making housing affordability an issue of concern among the public and government officials. With such increases in house prices over a short period of time, households may be constrained by a fixed income, such that affordability can only come if a non-working member of the household enters the work force. Building on this idea, the present paper seeks to model housing tenure choice when household income is disaggregated into separate incomes for both the husband and wife in two-earner households. The paper recognizes the potential endogeneity of the additional income and tests for biases in the estimates of the individual income coefficients when endogeneity is ignored. The separation of the total labor income allows for the possible joint determination of tenure choice and spousal labor supply. This joint decision of the household may especially be relevant in the presence of rising house values, which can constrain a household’s ability to achieve home ownership. Households wanting to transition to home ownership may then choose to send a second laborer into the work force in the face of high local house prices. Those households who choose to send the wife into the labor force may have high unobservable preferences for home ownership, which leads to a correlation between the tenure choice error term and the wife’s income, resulting in a biased income coefficient. This study contributes to the tenure choice literature by disaggregating the household income to measure separate effects for each component and by controlling for the potential endogeneity of the secondary income. The potential endogeneity is controlled for through a two stage least squares (2SLS) procedure and an IV probit procedure, assuming that the first stage equation is linear. The paper also derives a proper likelihood function that accounts for en2



dogeneity and censoring, and maximum likelihood estimation based on this function yields parameter estimates that are consistent and efficient (efficiency is not achieved in two-stage instrumental variable procedures). The results show that, while the point estimates do change across the models presented, there is no significant evidence of endogeneity of the wife’s income, which implies that the model can be estimated using a conventional single stage procedure.



1.1



Previous Work



Given the importance of housing as a commodity, it is no wonder that housing tenure choice has been such an intense focus of study. The first group of such studies seeks to understand the general behavior of a household and to estimate, based on the household’s characteristics, the probability of home ownership (Maisel (1966), Shelton (1968), Kain and Quigley (1972), Carliner (1974)). These studies agree that the likelihood of home ownership increases with income. Shelton also argues that households are forward looking, with expected duration in a residence being a large factor in determining tenure choice. This idea of considering the household life cycle is further developed by McCarthy (1976), who finds significant differences in the likelihood of home ownership based on the life-cycle stage of the household. The first theoretical treatment of tenure choice was carried out by Artle and Varaiya (1978). They develop a continuous-time life cycle model in which households, under perfect foresight, choose to own or rent based on how ownership affects the lifetime consumption path. In this model, households continuously accumulate wealth, and at some point in time purchase a house using the accumulated wealth as a down payment. Brueckner (1986) proposes a simplified two-period model which clarifies the trade-off between a renting and owning through the down payment mechanism. Henderson and Ioannides (1983, 1986, 1989) extend the work of Artle and Varaiya to model tenure choice within the broader choice of an investment portfolio that includes 3



housing. Households who demand more “investment” housing than “consumption” housing choose to occupy part of their investment and are owner-occupiers. Households who demand more consumption than investment housing must choose between renting and owneroccupancy. This choice is based on the perceived distortion of investment levels of the household, where households who owner-occupy must equate consumption and investment demand so that 100% of the investment housing is consumed. If this distortion is too costly, the household may choose to rent instead. Henderson and Ioannides also show that, under progressive tax systems, more high income households choose to be homeowners. As seen in this result, the tax rate is an important variable in tenure choice studies. Goodman (1988, 1990) introduces the notion of permanent income and ownership’s relative price to renting, known as the value-rent ratio,1 in the tenure choice model, with the inclusion of demographic variables (also revisited by Boehm and Schlottmann (2004)). He finds that increases in permanent income and decreases in the rent-value ratio have the largest impact on tenure choice.2 With the main foundations of the tenure choice model (i.e. income, life-cycle) established by the literature, tenure choice research expanded to examine more complicated models. Brownstone and Englund (1991) extend the standard binary tenure choice model to consider a third tenure option (owner-occupied apartments). As discussed above, taxes play a major role in tenure choice, and Narwold and Sonstelie (1994) measure the effect of the combined state and federal marginal tax rate. They find that, as a household’s marginal tax rate increases, owner-occupancy is more likely because home ownership shields more income from taxes. A large body of work considers wealth and borrowing constraints and how these restric1



This ratio is the asset value relative to the rent that would have been charged for that asset. Increases in this ratio indicate a higher expectation for a capital gain. 2 Though not directly related to the current paper, Goodman and Kawai (1984, 1985, 1986) examine the general demand for housing under different assumptions, including separate demands for owner-occupied and rental housing.
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tions affect different types of households (Haurin et al. (1989, 1996a, 1996b)). Wealth and tenure choice, especially among young married couples, are jointly determined through a savings decision by the household, which makes wealth endogenous to tenure choice. After properly controlling for the endogeneity of wealth, the results show that lower levels of wealth reduce the probability of home ownership. Controlling for wealth, wage, age, and other characteristics are shown to have similar effects as in previous work. A more recent body of work considers the tenure choice model under income uncertainty (Haurin (1991), Fu (1995), Robst et al. (1999), Ortalo-Magn´e and Rady (2002), Davidoff (2006)). With uncertain incomes, households can use owner-occupied housing to hedge against the risk of income volatility. This work identifies the covariance between income and house prices as a factor influencing home ownership, with decreases in the covariance increasing the likelihood of ownership. A common theme in the literature is that household income is a significant determinant of the probability of homeownership. What this paper contributes to the discussion is the disaggregation of household labor income, recognizing the potential endogeneity of the secondary income, and estimation of a model that accounts for the censored nature of the endogenous variable.
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2



Model and Estimation



2.1



Model



To address the impact of a second income on the tenure choice of a household, the following model is used:



∗ 0 yi1 = yi2 γ2 + Xi1 β1 + i1



(1)



∗ >0 yi1 = 1 if yi1



yi1 = 0 otherwise.



In (1), yi1 is the binary tenure choice indicator for household i, which takes the value yi1 = 1 ∗ (denoting home ownership) if the latent variable yi1 > 0, and yi1 = 0 otherwise (denoting a



renter). yi2 is the second income for household i while Xi1 is a set of variables that affect tenure choice, including the primary earner’s permanent income, which allows for estimation of separate income effects. The errors follow a normal distribution, i1 ∼ N (0, 1), indicative of a probit model. As explained above, it is possible that the second income, y2 , is endogenous to tenure choice, and ignoring this possibility could lead to bias in the estimate of γ2 . Also, the fact that not all households have a second earner complicates matters in controlling for endogeneity. The censored nature of the second income suggests a tobit style regression:



∗ 0 yi2 = Xi2 β2 + i2 ,



(2)



∗ ∗ yi2 = yi2 if yi2 >0



yi2 = 0 otherwise.



Xi2 is a set of variables containing Xi1 as well as a number of instruments, and i2 ∼ N (0, σ 2 ). 6



Jointly, i1 and i2 have a distribution of 











 







 i1   0   1 σ12    ∼ N   ,   . 2 i2 0 σ12 σ Given this covariance matrix, the model does not directly estimate the parameters σ12 and σ 2 . Instead, for ease in testing the hypothesis of endogeneity, it estimates the correlation coefficient ρ = σ12 /σ and the standard deviation σ. In contrast to standard instrumental variable procedures, which treat all or part of the model as linear, this model represents an innovation due to the attempt to handle the censored nature of the endogenous variable in the first stage. Two-stage estimation of this model is problematic. The non-linearity of each equation invalidates two-stage procedures, since the expected (or predicted) values from the first stage cannot be passed through the non-linear function of the probit model.3 Though proceeding in this fashion may not affect the actual estimated values of the first or second stages, the standard errors of the second stage are inconsistent, making any hypothesis testing unreliable. Due to the censoring of yi2 , the full information likelihood function is the product of two distinct likelihood functions; one for the discrete part of yi2 , and one for the continuous part. In general terms, where L is the likelihood function, these parts are 1(yi2 =0)



Li = Li1



1(yi2 >0)



Li2



,



(3)



where L1 is the likelihood function for all the observations for which y2 = 0 (identified by the indicator function 1(yi2 = 0), which equals 1 if yi2 = 0 and 0 otherwise), and L2 is the likelihood function for the observable values of y2 (identified by the indicator function ∗ 0 If the first equation of the model consisted of yi1 = E(yi2 |Xi2 )γ2 + Xi1 β1 + i1 , then the non-linearity would be a non-issue since the conditioning variable in the place of y2 is the conditional expectation, which would be derived by performing a tobit regression and computing the expected value of y2 . 3
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1(yi2 > 0)). For the n1 observations in L1 , the likelihood function takes the form of a bivariate probit likelihood where y2 = 0 for all observations. Since both y1 and y2 are discrete for these ni observations, their joint density is a probability mass found by integrating over the 0 β1 and µi2 = bivariate normal density. For simplicity, let µi1 = yi2 γ2 + Xi1



0 β Xi2 2 σ



be the



limits of integration for the standard bivariate normal density (φ2 ). It should be noted that the standard bivariate normal density has only one variance parameter, ρ. The diagonal elements of the matrix are assumed to be unity. However, given that the standard deviation σ of equation (3) is not unity, it enters the likelihood function through the term µi2 . Formally, the likelihood function4 for the n1 observations is



L1 =



Y



[Φ2 (−µi1 , −µi2 , ρ)]1(yi1 =0) [Φ2 (µi1 , −µi2 , −ρ)]1(yi1 =1) ,



(4)



n1



where 1(yi1 =0)



[Φ2 (−µi1 , −µi2 , ρ)]



Z



−µi2



Z



−µi1



=



φ2 (i1 , i2 , ρ)di1 di2



(5)



φ2 (i1 , i2 , −ρ)di1 di2



(6)



−∞



−∞



and 1(yi1 =1)



[Φ2 (µi1 , −µi2 , −ρ)]



Z



−µi2



Z



µi1



= −∞



−∞



L2 is the contribution to the likelihood function for the sub-sample of households who have a second income, with the number of observations denoted as n2 . This section of the likelihood function relies on an assumption made about the distribution of y2 . By itself, the censored variable y2 is not distributed normally. Instead, its distribution has a continuous component and a discrete component. The continuous conditional component, f (y2 |y2 > 0), is distributed normally, as is seen in the construction of a tobit likelihood function, while the discrete component is a probability mass for the observations where y2 = 0. Since the composition of this portion of the likelihood uses the sub-sample of observable values of 4



Changing the sign of the correlation parameter in the second set of integrals changes slope direction of the desnity, making computation easier (see Greene, 2003, pgs 710–716).
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y2 > 0, the normality of this sub-sample permits the joint density to be expressed as the product of the conditional and marginal densities, P (yi1 = 1|yi2 , yi2 > 0) × f (yi2 |yi2 > 0) × P (yi2 > 0), P (yi1 = 0|yi2 , yi2 > 0) × f (yi2 |yi2 > 0) × P (yi2 > 0). The product in the first line above consists of three parts. The first term is the probability mass pertaining to the conditional probability P (yi1 = 1) given the current value of yi2 and the fact that yi2 > 0. The second is the density of yi2 given yi2 > 0, and the third is the probability P (yi2 > 0). The second line above is much like the first, except that the probability mass now measures the conditional probability of yi1 = 0, given the specified conditions. The additional P (yi2 > 0) terms account for the fact that the data contain non-censored observations with probability P (yi2 > 0) < 1. This part of the likelihood takes the form



L2 =



Y



1(yi1 =1)



[Φ(wi )]



1(yi1 =0)



[1 − Φ(wi )]



−1



σ φ



n2







0 β2 yi2 − Xi2 σ







 Φ



0 β2 Xi2 σ



 ,



(7)



where Φ(·) is the normal CDF, φ(·) is the normal PDF and



wi =



0 0 β2 ) β1 + (ρ/σ)(yi2 − Xi2 yi2 γ2 + Xi1 1



(1 − ρ2 ) 2



(8)



is the conditional mean for observation i. Intuitively, this is simply the likelihood function for a probit model with a continuous endogenous variable (see Wooldridge 2002, pgs 475–477), but with the additional probability mass accounting for the probability that the observation is not censored. As stated before, the full information likelihood function is the product of equations (4) and (7), equal to (3), which can be maximized over all the regression parameters; γ2 , β1 , β2 , ρ, and σ. Once obtained, the estimates of these parameters are consistent and efficient.5 5



As the next section describes the sample weights, it should be noted that the Hessian is approximated
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To account for possible endogeneity, the matrix X2 requires a set of instruments (not included in X1 ) that are correlated with y2 but uncorrelated with the error term, 1 . Given the system of equations, minimum identification requires an instrument for every endogenous variable in the y1 equation; or one identifying instrument in this exercise. Given the exactly identifying instrument, the appropriateness of additional instruments (overidentifying the model) is a question that can be empirically tested after estimation. These overidentification tests indicate whether or not the additional instruments chosen are valid in the regression model. For a standard FIML procedure, tests of overidentification can be carried out via likelihood ratio tests by comparing the overidentified model to the exactly identified model. Rejection of the null hypothesis indicates that the extra instruments are indeed valid in the regression model and should not be excluded. However, as discussed later, the sampling procedure generating the data set depends on the income of the household; some levels of income are more likely to be sampled than others. Due to the endogeneity of the sample, this paper uses survey weights so that estimates of the parameters are consistent. In using these survey weights, the estimation procedure now becomes a pseudo-maximum likelihood procedure, whose estimates are relatively inefficient compared to FIML.6 This relative inefficiency renders LR tests invalid. Therefore, to overcome this limitation, a priori assumptions are made about which instruments are excludable from the tenure choice equation and additional instruments are tested for excludabiilty from the equation via a joint hypothesis test. Essentially, this test of excludability adds the overidentifying instruments to the tenure choice equation. After estimation, the coefficients of the instruments in the tenure choice equation are tested for joint significance. Failure to reject the null hypothesis indicates that the instruments can be excluded from the tenure choice equation and are valid instruments. by a sandwich estimator, taking into account those weights. 6 If the sampling scheme were not dependent on income, then weights could be ignored for estimation and used only for computing marginal effects and other population parameters.
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Since this paper also employs linear IV procedures, a note about linear overdentification tests is in order. These tests measure the goodness of fit from a regression of the residuals b1 from the IV procedure on the set of instruments as well as the other right hand side variables. Intuitively, if the goodness of fit is high, then the instruments fail to satisfy the condition of low correlation with the error term. Numerically, the test statistic is the quantity N R2 , which follows a χ2L−K distribution, where L is the number of instruments and K is the number of endogenous variables. If N R2 is greater than the corresponding critical value, then the null hypothesis is rejected, indicating that the set of instruments may not be valid. A thorough discussion of IV regression procedures is found in Baum et al. (2003).7 An additional question of interest in this paper is whether or not treating the equation generating the censored y2 as linear affects the estimates relative to the proposed model above. Assuming this linearity, the derived likelihood function is simply L2 but without the  0  X β last probability mass Φ i2σ 2 . Under the linearity assumption, this probability mass is equal to one.8 Unfortunately, there are no reliable tests of model selection for non-linear models to formally determine if censoring really matters. As such, this paper relies on any differences in the results from the three estimation methods to gauge the effect of censoring.



3



Data



Multiple data sources are used to construct the variables used in the empirical model. The primary source of data is the 1992 cross section of the Panel Study of Income Dynamics (PSID). The PSID is a biennial survey that collects data on virtually all aspects of the household, with a heavy focus on household income. The extra attention paid to income 7



This overidentification test statistic goes by many names depending on the setting of the estimation. For 2SLS methods assuming homoscedasticity, it is known as Sargan’s statistic, which is the test used in this paper. For GMM methods without the homoscedasticity assumption, it is known as Hansen’s J-test which is a general case of Sargan’s statistic. 8 This form of estimation is done with the IVPROBIT command in STATA.
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allows for easy disaggregation of household income into separate incomes for both husband and wife. This paper also makes use of the resricted-use geographic indicator data set that accompanies the PSID. This data contains geographic identifiers at the Metropolitan Statistical Area level, which allows MSA level data to be matched to the household data in the sample. Since the main focus is on households with two incomes (or the potential to have two incomes), the sample is restricted to married or cohabitating couples, and drops all singlehead household observations. Secondary income is defined as the wife’s annual labor income, while primary income is defined as the husband’s permanent labor income.9 The husband’s permanent labor income is derived by obtaining predicted values based on regressing the husband’s annual labor income from the PSID on educational, regional and demographic variables over the time span 1984 to 1997. The results are then used to compute fitted values of labor income for the year 1992. It is for this reason that the 1992 cross section is used, so that the permanent income measure can reflect the head’s labor income stream before and after the tenure observation (see Boehm and Schlottmann (2004)). This husband’s permanent income variable is useful on two levels. First, permanent labor income reflects an average stream that the household would expect to earn over an extended period, a crucial factor in the home purchase decision. Also, the female labor supply literature shows that the husband’s actual labor income may be endogenous to the wife’s labor decision (Eissa and Hoynes, 2004). The use of permanent labor income may potentially overcome this endogeneity, since it is a predicted value and not the observed value. Explanatory variables used in the tenure choice equation are household characteristics such as number of children (17 years or younger), age of the youngest child, and age of the 9 While there are cases where the wife earns more labor income than the husband, they make up only a small percentage of the observations.
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wife. Other control variables include regional dummies for the Northeast, North Central, and South, with West being the excluded group. A dummy variable representing whether or not the household resides in an urban area (population 250,000 or greater) controls for population size of the surrounding metropolitan area. Also, a dummy variable is used to indicate if the husband has any education beyond a high school diploma (or G.E.D.). One important MSA-level control variable is the house price index, which measures the cost of homeownership in the household’s region. The 1990 MSA house price index used is compiled by the National Association of Realtors and measures quality-adjusted relative prices across MSAs, with higher values indicating more expensive areas. As discussed in the literature, income tax rates play an important role in the home ownership decision, given that the tax system provides benefits for the owner-occupier. These tax rates are computed using the NBER’s TAXSIM program.10 This program uses 22 variables to simulate the marginal tax rate of each household, including the number of children, income (both husband and wife), filing status, state location, and home ownership. To avoid any possible endogeneity in the tax rate, the rate is computed using the husband’s permanent labor income only, assuming no spousal labor income and no home ownership, but assuming that all households are filing a joint tax return. These restrictions imply a baseline tax rate before any changes to tenure status are made by the household, which allows for fair comparison across both renting and owner-occupying households. Since households face both the state and federal tax rates, this paper uses the control variable Sum of Tax Rates which is equal to the sum the two baseline marginal tax rates. To control for endogeneity, proper instrumental variables are needed. These instruments must satisfy two requirements. First, the instruments must be correlated with the endogenous variable. Second, they cannot be correlated with the error term. Therefore, the instruments used are the wife’s mother’s highest grade completed, an MSA wage index for 10



http://www.nber.org/taxsim
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the year 1990,11 and three dummy variables representing the wife’s educational level: High School Dropout, Some College Education and College Graduate (high school graduate being the excluded group). The case for excluding the wife’s mother’s education level and MSA wage index from the tenure choice equation can be argued as follows. The wife’s mother’s education can act as a proxy for the wife’s unobservable ability, which would directly affect her labor income. The MSA wage index reflects the opportunity cost of not entering the labor force. However, neither of these variables, given the other variables in the tenure choice equation, have an arguable impact on the homeownership decision. Despite this view, it might be argued that the wife’s educational variables should appear in the tenure choice equation, making them improper instruments. However, since a household education variable is already included in the tenure choice equation, the inclusion of extra education variables appears to be unnecessary. Therefore, any effect of the wife’s education on tenure choice, holding the husband’s education constant, would only act through the wife’s labor income. To test this assumption, initial 2SLS regressions were conducted, checking for the excludability of the wife’s education variables. Using the MSA wage index and the wife’s mother’s education as instruments, the wife’s education dummies were included in the tenure choice equation. The joint significance test on the coefficients failed to reject the null hypothesis, indicating that the wife’s education variables can be excluded from the tenure choice equation while remaining in the income equation. To best understand how the data are put together, it is helpful to describe the merging process that combines all the data sets. The 1992 cross section of the PSID contains 9829 household level observations, each with a unique interview number. The geocoded supplement is then merged with the cross section. Any respondents not identified by an MSA are 11



This index is the result of a MSA-level fixed effect regression of individual incomes on personal characteristics, carried out by Chen and Rosenthal (2007).
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dropped, reducing the data to 9371 observations. The next step is to drop all single-head households, which reduces the sample size to 5027 households. The data are then cleaned by dropping 970 observations with missing values, leaving 4057. The MSA house price index for 1990 is available for 113 MSAs. The MSA wage index, however, is available for 322 MSAs. When merging these data together, 209 MSAs with the wage index but missing the house price index are excluded from the data set. These two variables are then merged to the 4057 observations from the PSID. Observations from the PSID data set with a missing wage index or house price entry are dropped from the resulting data set, leaving 2153 observations. Table 1 shows selected variable means and standard deviations, separately for renters and home owners, along with means and standard deviations for the entire sample. When comparing means across tenure choices, there is a stark difference in the mean values for the wife’s labor income, with homeowner households having the higher mean. In contrast, there is a greater proportion of wives in the labor force among the rental households. The age variables indicate differences in tenure choice across the life cycle of households, with older couples being owner-occupiers and younger couples renters. Also, it is important to note that, on average, home owners face a higher baseline marginal tax rate, providing an incentive to be owner-occupiers. Differences also emerge in the wife’s education dummy variables, where a greater proportion of wives in rental occupied households have stopped their education at high school (57%) as compared to wives in owner occupier housing (48%). In total, approximately 33% of households are renters and 67% are owner occupiers, closely matching national average figures.
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4



Results



To measure the benefits from the estimation method described in Section 2, it is helpful to compare the new technique to standard IV estimation methods, as well as to a model where exogeneity is assumed. This section discusses the results of a simple (naive) probit model where endogeneity is ignored, a linear 2SLS model that accounts for endogeneity but treats the two equations as linear, and the IV probit routine, which estimates the second stage as a probit but still treats the first stage as linear. Finally, results for the FIML model (incorporating the endogeneity and censored nature of the wife’s income) are presented. Before discussing the results, it should be noted that the PSID survey over-sampled some groups relative to others, making the sampling scheme endogenous. The constructed data set described in the previous section uses the original census sample (the SRC sample), an additional sample of lower income households (the SEO sample), and the Temple Latino over sample.12 Because of the non-random nature of the data construction, all estimation methods employ sampling weights so as to make the results representative of the general population.13 Also, since sample weights are used in the estimation, robust standard errors are computed via a sandwich estimator (Wooldridge 2002, p. 594).



4.1



Naive Results



Table 2 contains estimation results from the simple probit model with no control for endogeneity. The first column uses total labor income of the head (permanent income) and wife as the income control, while the second column disaggregates the labor income. The third 12



This over sample is from a Temple University survey of Latino Households. In 1990, these households were asked to joint the PSID sample set. 13 One way to test for endogenous sampling, and thus the need to use sample weights, is to estimate a specification on a subset of the data known to be random without weights and on the entire sample without weights. After estimation, one can then conduct a Hausman specification test, with the null hypothesis being that the sample weights are exogenous. This particular data set rejects the null hypothesis of the Hausman test, so sample weights are employed.
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and fourth columns show the marginal effects of changes in the independent variables on the probability of home ownership.14 The coefficient of the husband’s permanent income is much larger than that of the wife’s labor income, and only that for the permanent income is statistically significant. A test of the hypothesis that the difference of the coefficients is zero generates a χ2 statistic of 5.43 and a p-value of 0.0198, rejecting the null hypothesis. In terms of marginal effects, the wife’s income has very little impact on the probability of being a home owner, with a 1% increase in wife’s income yielding a 0.3 percentage point increase in the probability. Comparatively, a 1% increase in the husband’s permanent income increases the probability of home ownership by four percentage points. The other variables included in the model are the urban dummy, the regional dummies and the MSA house price index. For both naive models, the house price index has a significantly negative coefficient, but the marginal effect in both cases is quite small (0.1 percentage points). Increases in the sum of tax rates lead to increases in the probability of home ownership, but the change in probability is quite small (0.4 percentage points) under the specification using aggregated household income. The marginal effect of the sum of the tax rates when incomes are separated is identical to that of the aggregated income specification. Apart from the household incomes, a significant determinant of home ownership is the regional location. All three regions reduce the probability of home ownership relative to the omitted region (West). This result is most likely due to the fact that the West region includes sparsely populated states where home ownership is easy (with the exception of the large metropolitan regions of California). Another significant determinant is the hus14



Marginal effects are the differences in the probability of choosing home ownership based on comparing two different values of X. For continuous variables in X, the marginal effect is the derivative of the normal CDF evaluated at Xβ for each individual and then averaged, measuring the average population rate of change in the probability for small increases in X. Marginal effects for dummy variables measure the added probability of taking a value equal to 1 compared to 0 for that dummy variable for each individual, then averaged over the sample.



17



band’s education dummy variable. Education obtained by the husband beyond a high school diploma results in an increase in the probability of homeownership by 9.5 to 9.8 percentage points. Acting as a proxy for the life cycle stage of the household, the wife’s age is also included in the tenure choice model. The husband’s age was excluded, by contrast, because it is implicitly controlled for in the permanent income variable and it is highly correlated with the wife’s age. The coefficient for the wife’s age is positive and significant at the 1% level. In terms of marginal effects, a one year increase in age increases the likelihood of homeownership by 1.2 percentage points.



4.2 4.2.1



IV Method Results First Stage



Table 3 presents results from the first stage regressions of the IV procedures.15 Statistical tests on the instruments are reported in the second stage results table. The signs of the coefficients are as expected: the coefficient for the high school dropout dummy is negative, while those for the some-college and college-graduate variables are positive. The coefficient on the number of children in the household is negative, indicating that additional children lower the labor income of the wife by 38%–39%. The coefficient on the sum of the baseline marginal tax rates is negative, indicating that the wife’s labor income decreases in response to higher baseline tax rates. The MSA wage index coefficient is positive and significant at the 10% level, as expected, while the wife’s age variable has an unexpected negative coefficient. This latter result appears to be driven by a greater tendency for older women to be out of the labor force, earning zero incomes. Regressions including only those observations with positive income values show the expected positive effect of age 15



These results are identical for the 2SLS and IV probit procedures, since the first stage is just a linear regression in both instances.



18



on income.



4.2.2



2SLS Results



Table 4 presents results of a two-stage linear treatment of the tenure choice model taking into account the possible endogeneity of the wife’s income. Though the 2SLS setup may be inappropriate given the non-linear equations of the model, it is the most common IV procedure and yields coefficients that are easily interpreted as marginal effects. Table 4 shows that, when controlling for endogeneity, the effect of the wife’s income is larger than the marginal effect reported in the naive probit table. A one percent increase in the wife’s income increases the probability of home ownership by 2.1 to 3 percentage points. The effect of the husband’s permanent income is little changed, with the marginal effect ranging between 2.3 to 3.3 percentage points. Although the coefficients for the labor income variables are all statistically insignificant, a test of joint significance (not reported) rejects the null hypothesis of common zero values. The statistics for these tests are reported in the last line of Table 4. Thus, correcting for endogeneity increases the effect of the wife’s income on the propensity for homeownership, while having little effect on the husband’s permanent income coefficient. Other control variables have approximately the same marginal effects on tenure choice as in Table 2, though some change slightly under the IV specifications. The effect of a college education for the husband drops to 7.5 from 8.5 percentage points, and the effect of the region dummies decreases as well. Each IV specification is tested for endogeneity using the Wooldridge score test. Specifications (1) and (2) show evidence of an endogeneity bias, though the null hypothesis is rejected only at the 5% level. In the column (3) specification, however, the test fails to reject the null hypothesis that the wife’s income is exogenous. As mentioned earlier, the instruments used are the set of dummy variables indicating the 19



wife’s education level, as well as the MSA level wage index and the wife’s mother’s education. The overidentification tests reported in Table 4 indicate that the set of instruments is a valid set. However, all the instrument sets fail to pass the weak instrument test, indicated by the F statistics reported at the bottom of Table 3. As a general rule, F statistics less than 10 indicate instrument weakness (Stock and Yogo, 2002). Though weak, it is noted that out of all the instruments , the three education dummies for the wife are the strongest as measured by the first stage F test on the instruments. As discussed later, the paper uses this relative strength result as justification for using these instruments as a baseline group relative to which additional instruments are tested.



4.2.3



IV Probit Results



The IV probit procedure provides an avenue for performing a probit regression that includes endogenous right-hand variables. This routine improves on the linear treatment of the 2SLS method by incorporating the nonlinearity of the second stage equation while generating the correct standard errors for the coefficients. It fails, however, to account for the censored nature of the wife’s income variable. Table 5 provides estimates for the IV probit routine. For each specification, the coefficient for the wife’s income is larger than that from the naive probit model. While the coefficient for the wife’s income is larger than that of the husband’s permanent income except for the specification in column (3), a test on the difference of the coefficients (not reported) again shows that there is no significant difference between them. Also, individually, only the coefficient for the wife’s income exhibits any statistical significance, being significant at the 10% level in column (1), though insignificant in columns (2) and (3). The coefficient for the husband’s permanent income is also insignificant in all specifications, though jointly, the income coefficients are significantly different from zero. The estimated marginal income effects are very similar to those of the 2SLS models in Table 4. All other coefficients for 20



the control variables maintain approximately the same marginal effects as under the 2SLS specification. Since the first stages of the 2SLS and IV probit methods are identical, instrument strength does not change in the IV probit specification, as evidenced by the IV F tests at the bottom of Table 3. Also, a hypothesis test on the correlation parameter, ρ, shows that the correlation is not significantly different from zero, leading to the conclusion that the wife’s income may not be endogenous to tenure choice. Note that the sign of ρ is negative, which is consistent with the difference in the wife’s income coefficient between the naive model and the IV probit specification (the coefficient is larger in IV probit). 4.2.4



Full Model Results



The discussion now moves to the results of the full model, controlling for the nonlinearities in both equations. Table 6 shows the results of the wife’s income equation, while Table 7 shows the results of the tenure-choice equation. The full model uses the same specifications as in the IV probit model from the previous subsection. Table 6 shows that for each specification, the estimates from the wife’s income equation look similar in sign and magnitude to the first stage results in Table 3. However, since this model is non-linear, the coefficients cannot be directly compared. At the bottom of Table 6, the F statistics for the joint significance tests on the instruments show that the instruments are jointly significant, but the statistics are slightly smaller than in the linear first stage. As noted earlier, the rule of thumb value of 10 may not have the same application to non-linear models, so there can be no direct interpretation as to the weakness of the instruments.16 Table 7 shows that the estimates of the tenure choice equation vary slightly from the IV probit results. Neither the permanent income nor wife’s income coefficients are significant for any specification in the full model. It is also interesting to note that, compared to the 16



The full model, since it captures the non-linear nature of both equations, should perform better with weak instruments than a linear model.
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IV probit income coefficients, the full model coefficients are smaller. In the full model, the coefficient for the wife’s age maintains its statistical significance, indicating that life cycle stage is a significant factor in a household’s tenure choice. The coefficients for sum of the tax rates and the house price index are also significant at the 5% level for all specifications. In terms of geographic location, living in the north-eastern part of the U.S. significantly reduces the probability of homeownership, relative to the western region, while in column (2), the south dummy also has a negative coefficient significant at the 10% level. It is interesting to note that, while the income coefficients in the full model are smaller than those of the IV probit model, the geographic dummies, the urban dummy and husband’s college indicator variables have larger coefficients than their IV probit counterparts across all specifications. For most of the household characteristics within the full model specifications, the marginal effects on the homeownership probability are virtually identical, with only slight variation across the specifications. However, when comparing the marginal effects of the IV probit model with the full model, differences begin to arise. The marginal effects of both labor income variables are approximately the same, but differ in column 6 of Tables 5 and 7, where the marginal effect is smaller in the full model specifications. The husband’s education dummy variable has a larger marginal effect in columns 4 and 6 for the full model than in the IV probit, though similar estimates in column 5. The urban dummy variable also has a slightly larger marginal effect than that in the IV probit. There is also variation in the effects of the regional dummies, though the magnitudes of the effects are approximately the same. As in the IV probit, testing for endogeneity simply requires a significance test on the correlation parameter, ρ. As reported in Table 7, none of the specifications show evidence of endogeneity of the wife’s income. Though the correlation parameter is negative, corresponding to the direction of the bias seen in the results, it is not significantly different from 22



zero.



4.3



Robustness



A few other specifications are considered as robustness checks in the 2SLS and IV probit models. One concern is that the MSA house price index does not fully capture MSAspecific effects on the tenure choice of a household. To check this possibility, the regional dummies and the MSA house price index are replaced with sample MSA dummies.17 In the 2SLS model,18 the estimates for both labor income measures increase slightly above the reported 2SLS estimates. However, the wife’s labor income coefficient is insignificant, the husband’s permanent labor income measure is significant at the 10% level, and jointly, they are significant at the 1% level. It does not seem to be the case that the results are sensitive to the replacement of the house price index with MSA dummies. With the MSA dummies, the conclusions reached regarding overidentification, significance and endogeneity are the same. The instruments (the three wife’s education dummies) remain valid but weak in terms of the joint F test (9.60) and there is no convincing evidence of endogeneity. Another check is to use the original random sample of the PSID, excluding the extra over-samples added to the survey. Using only the original random sample, the number of observations is 818. With the reduced sample, 2SLS and IV probit models are estimated. Hypothesis tests of the exogeneity of the wife’s income cannot be rejected at any reliable significance level, again indicating that the wife’s income is exogenous to tenure choice. 17



It is noted that, if MSA dummies were created before the merging of the house price index, sample size would increase since many MSAs were lost in the merging process. This robustness check only uses the MSAs which have observed MSA house price values. 18 The IV probit would not converge with all the dummy variables.
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4.4



Summary of Findings



In this particular data set, the econometric gains to fully specifying the correct likelihood function are not apparent when compared to easier shortcuts to estimation, like IV probit or 2SLS. In particualr, given the sample, there is no evidence that the wife’s income is endogenous to the tenure choice of the household. Even though the estimates change from the naive probit model to the IV specifications, the correlation between the wife’s income and the errors is never shown to be significantly different from zero. A cautionary observation, however, is that only 22% of the wives in this data set had no labor income. With other data sets where the degree of censoring might be higher, failure to fully specify the correct likelihood function could lead to biased estimates.19



5



Conclusion



This paper tests the hypothesis that income has a multidimensional effect on housing tenure choice. Household labor income is disaggregated into husband and wife components, and the wife’s income is tested for potential endogeneity. Using two stage least squares, an IV probit model and the full information maximum likelihood model, it is shown that each labor income component has approximately the same effect on the probability of homeownership. Furthermore, estimates do not confirm the presence of any endogeneity of the wife’s income. However, some of the other results presented here are consistent with results found in the literature; the propensity of homeownership increases with age and marginal tax rates and decreases with the level of house prices. 19



While there is no formal Monte Carlo evidence of this, early tests of the model with small simulated data sets indicated that higher levels of censoring start to affect the estimates to some degree.
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Table 1: Weighted Descriptive Statistics by Tenure Choice Homeowners Renters Total Variable Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. Permanent Income 106489.80 63237.58 107952.90 75250.14 106804.40 65994.05 ∗ Wife’s Income 16105.78 16917.90 13141.07 13012.61 15468.26 16201.20 Wife Indicator 0.80 0.40 0.83 0.37 0.81 0.39 Age Wife 43.50 11.33 36.32 12.18 41.96 11.89 Age Head 45.92 11.61 38.62 12.97 44.35 12.29 ∗∗ House Price Index 96.24 38.82 111.37 51.08 99.49 42.21 Number of Children 1.01 1.14 1.17 1.28 1.04 1.18 Federal Marginal Tax Rate 17.03 9.73 13.31 11.96 16.23 10.36 State Marginal Tax rate 4.00 2.78 3.19 2.95 3.83 2.83 H.S. Drop Out (w) 0.10 0.29 0.16 0.37 0.11 0.31 H.S. Grad (w) 0.38 0.49 0.41 0.49 0.39 0.49 Some College (w) 0.21 0.41 0.21 0.41 0.21 0.41 College Grad. (w) 0.31 0.46 0.22 0.41 0.29 0.46 Mother’s Education (w) 3.97 1.69 3.78 1.66 3.93 1.69 MSA Wage Index 0.03 0.11 0.06 0.12 0.04 0.11 N 1448 705 2153 ∗ ∗∗



This wife indicator denotes the percentage of wives with a labor income. This is the MSA level house price index.
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Table 2: Naive Probit Estimates with Marginal Effects, Weighted Dependent Variable: Home Ownership Dummy Coefficients (1) (2) Total Labor Inc. (ln)†



.23∗∗∗



–



(.086)



Wife’s Income (ln)



–



Marginal Effects (3) (4) .06



.004



–



(.012)



Permanent Income (ln)



–



.19∗∗



Number of Children Husband College Dummy Urban Dummy Sum of Tax Rates House Price Index North East North Central South



† ∗



.001 (.003)



–



(.077)



Age Wife



–



(.02)



.04 (.02)



.05∗∗∗



.05∗∗∗



.01



.01



(.005)



(.006)



(.001)



(.001)



.06



.05



.01



.01



(.037)



(.038)



(.01)



(.01)



.36∗∗∗



.37∗∗∗



.10



.10



(.09)



(.09)



(.02)



(.02)



.26



.26



.07



.07



(.163)



(.165)



(.05)



(.05)



.02∗∗∗



.02∗∗∗



.004



.004



(.004)



(.004)



(.001)



(.001)



-.01∗∗∗



-.01∗∗∗



-.001



-.001



(.001)



(.001)



(.0003)



(.0003)



-.67∗∗∗



-.67∗∗∗



-.21



-.21



(.216)



(.215)



(.08)



(.08)



-.31



-.31



-.08



-.09



(.197)



(.197)



(.06)



(.06)



-.47∗∗



-.47∗∗



-.12



-.13



(.185)



(.185)



(.05)



(.05)



Total Labor Income is the sum of the Permanent Income and the wife’s income. Significant at the 10% level ∗∗ Significant at the 5% level ∗∗∗ Significant at the 1% level
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Table 3: First Stage Estiamtes, Weighted L.S. Dependent Variable: Log Wife’s Income (1) (2) H.S. Drop Out (w)



(3)



-1.74∗∗∗



-1.89∗∗∗



-1.91∗∗∗



(.46)



(.46)



(.46)



.292



.41



.426



(.32)



(.33)



(.32)



Some College (w) College Degree (w)



.81



∗∗∗



(.29)



Wife’s Mother Education



–



MSA Wage Index



∗∗∗



.98



(.31)



-.166



–



.96∗∗∗ (.31)



∗



-.169∗∗



(.086)



(.086)



–



3.24∗ (1.83)



Permanent Income (ln) Age Wife



.85∗∗∗



.85∗∗∗



.82∗∗∗



(.18)



(.18)



(.18)



-.02



∗



(.01) ∗∗∗



Number of Children



-.378



Husband College Dummy Urban Dummy Sum of Tax Rates House Price Index North East



∗



Significant at the 10% level



∗∗



∗∗∗



-.386



(.01)



-.387∗∗∗



(.09)



(.09)



(.09)



-.12



-.04



-.04



(.28)



(.28)



(.28)



.78∗∗



.81∗∗



.79∗∗



(.36)



(.36)



(.36)



-.03∗∗



-.03∗∗



-.03∗∗



(.01)



(.01)



(.01)



.004



.004



-.003



(.003)



(.003)



(.005)



.13



-.21



(.41)



(.45)



-.21



-.25



-.64



(.41)



(.41)



(.44)



-.004



-.059



-.185



(.38)



(.38)



(.39)



.11 8.27∗∗∗ (3, 2139)



.12 7.11∗∗∗ (4, 2138)



.12 6.58∗∗∗ (5, 2137)



Significant at the 5% level



30



(.01)



-.03∗∗



.23



South R IV F Test Deg. Freedom for F Test



-.03



(.41)



North Central



2



∗∗



∗∗∗



Significant at the 1% level



Table 4: 2SLS Estimates, Weighted Dependent Variable: Homeownership Dummy (1) Wife’s Income (ln)



Permanent Income (ln) Age Wife Number of Children



.03



.03



.02



(.018)



(.017)



.02



.03



.03



(.023)



(.022)



(.021)



.01∗∗∗



.01∗∗∗



.01∗∗∗



(.001)



(.001)



(.001)



∗∗



∗∗



.03



.03∗∗



(.013)



(.012)



(.013) ∗∗∗



.08



(.026)



Urban Dummy Sum of Tax Rates House Price Index



.05 (.049)



.01∗∗∗



.01∗∗∗



.01∗∗∗



(.001)



(.001)



(.001)



∗∗∗



(.06)



∗



(.025)



.05



-.17



Test of Exogeneity χ2 Statistic, df=1 OverID Test χ2 Statistic Joint Income Test† χ2 Statistic



(.026)



.08∗∗∗



(.05)



∗∗∗



South



.08



.04



(.0003)



North Central



∗∗∗



(.05)



-.002



North East



(3)



(.019)



.03



Husband College Dummy



(2)



∗∗∗



-.002



(.0003) ∗∗∗



-.17



(.06)



-.002∗∗∗ (.0003)



-.17∗∗∗ (.059)



-.07



-.07



-.07



(.046)



(.046)



(.045)



-.11∗∗



-.11∗∗



-.11∗∗



(.045)



(.045)



(.044)



4.42∗∗ .07 8.84∗∗



3.96∗∗ .62 8.77∗∗



2.56 3.01 8.73∗∗



Significant at the 10% level ∗∗ Significant at the 5% level ∗∗∗ Significant at the 1% level (1) Instruments Used: wife’s education dummies (2) Instruments Used: wife’s education dummies and wage index (3) Instruments Used: wife’s education dummies, wage index and wife’s mother’s education. † The Joint Income test is a joint significance test for both income coefficients.
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Table 5: IV probit Estimates, Weighted Dependent Variable: Home Ownership Dummy Coefficients (2) (3)



(1) Wife’s Income (ln)



Permanent Income (ln) Age Wife Number of Children Husband College Dummy Urban Dummy Sum of Tax Rates House Price Index North East North Central South ρ Joint Income Test† χ2 Statistic



Marginal Effects (4) (5) (6)



.10∗



.09



.07



.03



.03



.02



(.058)



(.058)



(.061)



(.02)



(.02)



(.02)



.07



.08



.11



.02



.02



.03



(.092)



(.09)



(.091)



(.03)



(.02)



(.02)



.05∗∗∗



.05∗∗∗



.05∗∗∗



.01



.01



.01



(.006)



(.006)



(.005)



(.001)



(.001)



(.01)



.09∗∗



.09∗∗



.08∗∗



.03



.02



.02



(.043)



(.043)



(.044)



(.01)



(.01)



(.01)



.30∗∗∗



.31∗∗∗



.32∗∗∗



.08



.08



.09



(.107)



(.105)



(.102)



(.03)



(.03)



(.03)



.13



.14



.17



.04



.04



.05



(.186)



(.186)



(.186)



(.05)



(.05)



(.05)



.02∗∗∗



.02∗∗∗



.02∗∗∗



.01



.01



.01



(.004)



(.004)



(.004)



(.07)



(.08)



(.08)



-.01∗∗∗



-.01∗∗∗



-.01∗∗∗



-.00



-.00



-.00



(.001)



(.001)



(.001)



(.06)



(.07)



(.06)



-.63∗∗∗



-.64∗∗∗



-.65∗∗∗



-.20



-.21



-.21



(.213)



(.214)



(.215)



(.05)



(.05)



(.05)



-.25



-.26



-.27



-.07



-.07



-.08



(.189)



(.191)



(.193)



(.001)



(.001)



(.001)



-.42∗∗



-.43∗∗



-.44



-.12



-.12



-.12



(.181)



(.182)



(.183)



(.0003)



(.0003)



(.0003)



-.37



-.34



-.27



(.218)



(.219)



( .231)



9.07∗∗



8.40∗∗



7.31∗∗



∗



Significant at the 10% level, ∗∗ Significant at the 5% level, ∗∗∗ Significant at the 1% level Joint Excludabiilty Test is the pseudo-MLE analog to an overidentification test. (1) Instruments Used: wife’s education dummies (2) Instruments Used: wife’s education dummies and wage index (3) Instruments Used: wife’s education dummies, wage index and wife’s mother’s education. † The Joint Income test is a joint significance test for both income coefficients.
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Table 6: Full Model Estimates of Wife’s Income Equation, Weighted Dependent Variable: Log Wife’s Income (1) (2) Wife H.S. Dropout



∗∗∗



-2.47



( .58 )



Wife Some College



∗∗∗



-2.44



( .58 )



(3) ∗∗∗



-2.05



( .57 )



.23



.40



.43



( .44 )



( .44 )



( .45 )



.63



.57



( .46 )



( .45 )



Wife College Grad Wife’s Mothers Educ



–



-.20



∗



( .13 )



MSA Wage Index



–



∗∗



1.22



–



( .47 )



-.23



∗



( .13 ) ∗∗



1.99



( .98 )



Permanent Income (ln)



.53



∗∗



( .24 )



Age Wife



-.06



∗∗∗



( .02 )



Number of Children



-.46



∗∗∗



( .16 )



Husband College Dummy



-.40



∗∗∗



( .16 )



-.06



∗∗∗



( .02 )



-.44



∗∗∗



( .16 )



-.05



.08 ( .39 )



.78



.70 ( .57 )



∗



∗



-.03



-.03



∗



1.01



( .57 )



( .02 )



( .57 )



-.03



∗



( .02 )



.00



.00



.00



( .01 )



( .01 )



( .01 )



North East



IV F Test Deg. Freedom



( .02 )



( .24 )



( .39 )



House Price Index



South



-.05



∗∗∗



∗∗



.01



( .02 )



North Central



( .24 )



.51



( .39 )



Urban Sum of Tax Rates



.53



∗∗



.17



-.08



-.14



( .74 )



( .73 )



( .73 )



-.40



-.56



-.74



( .66 )



( .66 )



( .66 )



-.23



-.30



-.62



( .64 )



( .64 )



( .64 )



7.86∗∗∗ (3, 2139)



5.62∗∗∗ (4, 2138)



5.20∗∗∗ (5, 2137)



∗



Significant at the 10% level, ∗∗ Significant at the 5% level, ∗∗∗ Significant at the 1% level (1) Instruments Used: wife’s education dummies (2) Instruments Used: wife’s education dummies and wage index (3) Instruments Used: wife’s education dummies, wage index and wife’s mother’s education.
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Table 7: Full Model Estimates of Tenure Choice Equation with Marginal Effects, Weighted Dependent Variable: Homeownership Dummy



Wife’s Income (ln)



Coefficients (1) (2) (3) .06 .06 .04 ( .15 )



Permanent Income (ln) Age Wife



( .15 )



Husband College Dummy Urban Sum of Tax Rates



.04



.01



.02



.02



.00



( .18 )



( .33 )



( .33 )



( .32 )



.04



∗∗∗



.04



South ρ



∗∗∗



( .01 )



.04



∗∗∗



( .01 )



.01



.01



.01



( .07 )



( .07 )



( .09 )



.07



.07



.06



.03



.03



.02



( .11 )



( .11 )



( .11 )



( .03 )



( .02 )



( .03 )



.34



.39



.37



.10



.08



.11



( .25 )



( .25 )



( .26 )



( .05 )



( .05 )



( .05 )



.24



.29



.25



.04



.04



.07



( .36 )



( .37 )



( .36 )



( .08 )



( .08 )



( .09 )



.02



∗∗



.02



-.01



∗∗



-.77



∗∗



∗∗



( .01 )



-.01



∗∗



( .00 )



-.73



( .35 )



North Central



( .21 )



( .18 )



( .00 )



North East



( .16 )



.08



( .01 )



House Price Index



( .17 )



( .18 )



( .01 )



Number of Children



( .15 )



Marginal Effects (4) (5) (6) .03 .03 .01



∗∗



( .36 )



.02



∗∗



( .01 )



-.01



∗∗



( .00 )



-.74



∗∗



( .36 )



.01



.01



.01



( .03 )



( .03 )



( .03 )



.00



.00



.00



( .05 )



( .06 )



( .06 )



-.19



-.19



-.23



( .08 )



( .09 )



( .09 )



-.39



-.38



-.42



-.09



-.07



-.12



( .41 )



( .43 )



( .42 )



( .07 )



( .08 )



( .08 )



-.55



-.62



∗



-.61



-.13



-.11



-.17



( .37 )



( .38 )



( .38 )



( .07 )



( .07 )



( .08 )



-.19



-.20



-.13



( .52 )



( .53 )



( .52 )



∗



Significant at the 10% level, ∗∗ Significant at the 5% level, ∗∗∗ Significant at the 1% level Joint Excludability Test is the pseudo-MLE analog to an overidentification test (1) IVs: wife’s education dummies (2) IVs: wife’s education dummies and wage index (3) IVs: wife’s education dummies, wage index and wife’s mother’s education.
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