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Studies of tax incidence usually present estimates 
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reasons. The first is related to the permanent-income hypothesis 

and the second is related to life-cycle issues. 

The permanent income hypothesis states that individuals do 

not adjust their consumption in response to transitory windfalls 

or losses in income. To see how this may affect estimates of 

property tax incidence consider three individuals, A, B, and C, 

each of whom have identical permanent incomes, housing 

consumptions, and and a.57 Tm (8 (whom ).8 04 Tm (and 0 11.8 166.051 h3 0 1cons6,hymnt . )Tj 12.8123 0 0 11.8 317.386 h3 0 1cons6If)Tj 16.2793 0 0 11.8 239994 6h3 0 1cons6n 42.971 h3 0 1cons6he 
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across various income classes and then to divide those 



II. ESTIMATES OF PERMANENT INCOME 

Empirical estimates of the demand for housing have long 

noted that it is permanent income rather than current income 

which is of relevance in the housing demand equation (e.g. see 

Carliner (1973), Lee and Kong (1977), and Vaughn (1976». The 

standard approach for obtaining an estimate of permanent income 

has been to regress family income on the characteristics of the 

head of household (e.g. see Goodman and Kawai (1982, 1986». 

This procedure is incomplete for several reasons. First, it 

neglects the contribution of spouses to family income. Secondly, 

it ignores the effect of non-observable characteristics on 

permanent income. It is quite possible for two individuals to be 

of the same age, education, and to be identical in all other 

demographic characteristics, yet still have very different 

permanent incomes because of special talents or the lack thereof. 

Finally, recent theoretical work on the life-cycle and permanent 

income hypotheses, combined with the rational expectations 

approach, suggest that consumers use a very long time horizon in 

modeling permanent income (e.g. see  14Kaoons permanent still or the e.g. a 





great. Our use of longitudinal data allows us to estimate ~i by 

following a 



characteristics. This shall be referred to as Goodman-Kawai or 

GK permanent income. The second measure uses equation (1) 

without removing the ~i. This is 



Equation (2) is based on the probit probability model. If the 

individuals I*jt is greater than some critical value, the 

individual owns and his housing demand is determined by equation 

(3), otherwise he is a renter and his housing demand is 

determined by equation (4). A problem results because the 

disturbance term in the tenure choice equation may be correlated 

with the disturbance term in the demand equations. It is usually 

easier to obtain small amounts of housing by renting and large 

amounts by buying. When there is correlation between the 

disturbance terms in the tenure choice and demand equations, 

least squares estimates of the demand equation will yield biased 

and inconsistent estimates. Lee and Trost (1978) present a 

method for dealing with this problem which is used in this study. 

By placing the inverse of Mill's ratio in the demand equations, 

least squares regressions yield coefficients that are 

consistent. 7 Furthermore, the coefficients of the inverse of 

Mill's ratio are an estimate of the covariance of the error term 

in the demand equation and the error term in the choice equation. 

We first assume that the tenure choice equation can be 

estimated as follows: 

8 

(5) 



Yit represents permanent income for family i at time t under the 

several specifications described previously. Poit and Prit 

represent the price of owning or renting respectively. Pxit is 

the price of all other goods. SOCit indicates various 

socioeconomic variables. The PSrD data base does not provide 

sufficient variables to construct a separate estimate of price 

for each observation. A measure of price for renting and owning 

which varies by region only was used. The 1977 BLS Family 

Workers Budgets were used to construct these price variables. 

The housing demand equation for owners is estimated as 

follows: 

QOit/PXit= ao + a1 (PhiJPxid + aZYit + LajSOCit 

+ PA o + €it (6) 



IV. EMPIRICAL RESULTS 

Tables 3 and 4 present the income elasticities and R2 

statistics for each income measure for owners and renters. The 

estimates were done in log linear form. 8 The ranking of income 

measures was remarkably similar for owners and renters. Our 

equations indicate the "Friedman" method of modeling permanent 

income is the preferable income measure to use when estimating 

housing demand. 

Interestingly, the Goodman-Kawai concept of permanent income 

obtained the lowest R2 and resulted in income elasticities that 

were well outside the range of the other permanent income 

elasticities. While most of the permanent income elasticities 

for owners ranged from .55 to .65, the Goodman-Kawai method 

yielded an elasticity of .9632. For renters the Goodman-Kawai 

estimates also lay well outside the range of the other estimates. 

Table 5 presents the R2 statistics and income elasticities for 

the "Friedman" income measure when each years predicted income in 

not augmented by the estimates of ~i. Just like the difference 

between the Goodman-Kawai estimates and the Lillard estimates, 

the R2 is substantially lowered and the income elasticities are 

substantially differenraitTm (of )Tj 1e.7291 0 00.c792.67 33.8731 0 0 11.8 4Al15.s303hed the 



The rational expectations models of permanent income fared 

rather poorly as well. possible explanations are that 

imperfections in capital markets prevent individuals from taking 

a longer term view, or that the uncertainty associated with 

predicting future income creates difficulties in making housing 

expenditures based upon those projections. 

Table 6 presents the full results for the Friedman income 

measure only, but the results are fairly representative of the 

other income measures as well. In all the tenure choice 

equations, the age variables were positive while the age squared 

terms were negative. Black headed households were always found 

to be less likely to own, while having a larger family makes one 

more likely to own. The effects of having a female head or a 

head who is a veteran were more ambiguous, rarely appearing to be 

significant and often changing sign from equation to equation. 

The higher one's income, no matter what measure used, the more 

likely one is to own. The higher the price of renting the more 

likely you are to own, while the higher the price of owning the 

more likely you are to rent. 

In the demand equations the price variables have positive 

signs for both owners and renters. However, the coefficient on 

price is one plus the price elasticity.9 For owners the typical 

price elasticity is -.72 and for renters is -.28. The only 

consensus on demographic variables was that black headed families 

tend to spend less and female headed households tend to spend 

11 



more. The effects of age, family size and having a family headed 

by a veteran were ambiguous. 

V. THE SIMULATION 

The empirical estimates of permanent income, tenure choice, 

and housing demand were then used to simulate housing consumption 

throughout the course of a lifetime. The main goal in performing 

this simulation is to compare the incidence of property taxes 

from an annual and a lifetime perspective. Two alternative 

assumptions about property tax shifting are made. The first is 

that the property tax is fully shifted forward and lifet

then229176034 and 26 476034 and proper0 1Tj34 the 44 46j34 the 4rmi4234 and 



probably say that the property tax is borne, 
on average, by owners of capital. But if 
asked by the mayor of Newark, st. Louis or 
San Diego, the same analyst might say that an 
increase in the local property tax would be 
borne, in some combination, by consumers ... 
and by owners of geographically immobile 
factors" . 10 

The results of this study are intended to be useful for 

comparison of property tax incidence estimates done from a 

lifetime and an annual perspective in properly done studies of 

local tax incidence. To obtain estimates of lifetime property 

tax incidence from a national perspective, a lifetime study of 

capital ownership would be more relevant. 

The empirical equations are used to predict housing 

consumptions and income in 1972 and over the course of a lifetime 

for each family in the 1972 cross section of our data base. The 

first part of the analysis involved obtaining estimates of 

current income and lifetime income for use as the denominator in 

our distributive series. The prediction of equation (1) accounts 

for the deterministic portion of current income in any given 

year. However, as noted previously, part of the reason estimates 

of tax incidence using annual data may differ from lifetime 

estimates is because of transitory influences on measured income. 

Therefore, random shocks had to be added to the analysis. The 

difference between the prediction of equation (1) and current 

income is transitory income, or fit. fit is assumed to be normally 

distributed and to have a mean of zero. The entire data base was 

used to calculate the residual between equation (1) and current 

13 
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the lifetime case because those with high lifetime income may 

nonetheless have been renters earlier in their lives when their 

current income was low. 

The distribution of house values is more concentrated in the 

upper income deciles in the lifetime case relative to the annual 

case. This results from both transitory influences on income and 

life-cycle factors. In the annual case transitory shocks 



Table 9 and Figure 2 show the results when 56% 



This would indicate that life-cycle issues have their strongest 

impact on the magnitude of the tax burden, not on the shape of 

its distribution. If transitory influences on income could be 

accounted for, an annual incidence study may still be useful in 

looking at the relative distribution of 



VI. CONCLUSIONS 

The simulations confirm the widely held belief that the 

results for the lowest income categories in annual studies of tax 

incidence are the most unreliable. The difference in the 

property tax burden for the lowest income deciles 



perspective. This would imply that the property tax may not be 

as inequitable a source of revenue as many economists and policy 

makers have heretofore argued. This study represents an early 

attempt to empirically measure tax incidence in a life-cycle 

framework. My hope is 



1.For the only two exceptions I know of see Davies et al (1984) 
and Fitzgerald and Maloney (1990). 

2.For a comprehensive survey of the housing demand literature see 
Mayo (1981). 

3.A measure of permanent income should include both human and 
non-human wealth. Including asset income in the dependent 
variable helps to capture the non-human wealth aspects of 
permanent income. 

4.The PSID data set allows each family to define for itself the 
"head of household", which almost invariably refers to the 
husband in a two adult household. When the household has only a 
single female parent, the PSID refers to this person as the head 
of household. Our age and education variables for the head of 
household refer to both males and females, so we are implicitly 
assuming the returns to education are the same for all heads of 
household regardless of sex. An alternative approach would be to 
categorize the age and education variables by sex only. such an 
approach should not greatly alter the overall results. 

5.since not all families are in the data base for the same number 
of years, different numbers of observations are used to calculate 
the ~i'S for different households. Those families which 
experience a change in the head of household during the years for 
which we have data are modeled as being one distinct household 
before the change took place and as another after the change. 

6.Friedman devoted Chapter Seven of his A Theory of the 
Consumption Function to estimating the length of this horizon and 
concluded the typical horizon is from three to five years. 

7.Although the augmented OLS estimates of the demand regressions 
are consistent, they are not efficient. To obtain estimates that 
are efficient, a simUltaneous equations method is needed. In 
this literature, Lee (1978), Rosen (1979), and King (1980) use 
only the two stage method used in this study. Lee and Trost 
(1978) develop a two stage method that provides estimators which 
are both consistent and efficient, but their method is not 
attempted in this study. co98.13 243.1 18.53865 Tm ((1 y)Tj 17.3 243.1 18.20vis efficient, 57 Tm 3 243.1 18 4fo 243.13 T6740 0 266.3h(79478.2099.1 18 4m 255.13 TnTr5fficient, )Tj8 16.2099.1 18 414.17 Tm Tm (the )Tj 13.23.538.2099.1 18 497 266.893224(the )Tj 13.5268.7.2099.1 18 48 515 30i83in (study. )Tj 17 Tm2.2099.1 18 41.8 72.07 302.4 Tm 07is  ya the a 



a 1 a 2 a O P Y 
Q = vIP = e 

Taking logs of both sides we have: 

Adding In P to both sides yields: 

In V= a o + (1+a1 ) In P + a 2ln Y 

10.Charles Mclure, 1977, "The New View of the Property Tax: A 
Caveat," National Tax Journal 1, 69-75 

11.Effective property tax rates already take into account the 
possible divergence between assessed value and market value. For 
a fuller exposition of this issue see Oates (1969). 

12.The tax rate was assumed equal to 1.39%. The interest rate 
was assumed equal to 5%. A mean figure for operating expenses 
was calculated using the Institute of Real Estate Management of 
the National Association of Realtors publication Income-Expense 
Analysis. The figure arrived at was that operating expenses are 
on average equal to 36% of rent. 

13.Estimates using the "Lillard" income measure are available 
upon request. 

14.Results using the years 1972 and 1985 are available upon 
request. The general observations were not altered by using 
these values for the time variable. 
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-------, and Richard Trost, 1978, Estimation of Some Limited 
Dependent Variable Models with Application to Housing 
Demand, Journal of Econometrics 8, pp. 357-382. 
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TABLE 1 
PERMANENT INCOME EQUATION 

INDEPENDENT ESTIMATED t-
VARIABLE COEFFICIENT STATISTIC 

INTERCEPT 871.3206 0.6376 
HAGE 0.0334 7.5751 
WAGE 0.0298 4.8819 
HAGESQ -0.0005 -14.0481 
WAGESQ -0.0004 -8.9143 
HEDUC1 0.2879 0.9866 
HEDUC3 -0.0536 -0.2904 
HEOUC4 -0.3451 -1. 9248 
HEDUC5 -0.1491 -0.8304 
HEOUC6 -0.2490 -1.3718 
HEDUC7 -0.2101 Tj -0.035 Tc 116.3718 9c 11o 



TABLE 2 
DESCRIPTIVE STATISTICS OF INCOME MEASURES 

RENTERS OWNERS 
-----------------------------------------------------------

MEAN STANDARD MEAN STANDARD 
ERROR ERROR 

CURRENT 10,790 8,308 20,475 18,836 
GK 9,082 5,744 16.882 8.694 
LIL 10,497 7,396 19,454 12,515 
FRIED 41,487 29,141 75,461 48,254 
RIB 331,220 257,856 440,948 309,724 
RE2 188,318 138,077 278,336 182,991 
RE3 109,075 77,098 176,909 112,404 





TABLE 5 
ELASTICITY ESTIMATES AND R-SQUARED 

FRIEDMAN EQUATIONS WITHOUT DELTA 

OWNER 
RENTER 

R-SQUARED 

0.272 
0.188 

ELASTICITY 

0.9648 
0.6875 





TABLE 7 
DISTRIBUTION OF 

INCOME, RENTS AND HOUSE VALUES 

------------------------------------------------------
INCOME RENTS HOUSE VALUES 

------------------------------------------------------
DECILE ANNUAL LIFETIME ANNUAL LIFETIME ANNUAL LIFETIME 

BOTTOM 0.0023 0.0224 0.2608 0.2421 0.02196 0.0099 
2ND 0.0041 0.0381 0.2808 0.2569 0.03787 0.0289 
3RD 0.0057 0.0543 0.1342 0.1815 0.06789 0.0495 
4TH 0.0074 0.0677 0.1038 0.1118 0.08376 0.0764 
5TH 0.0095 0.0777 0.0886 0.0775 0.09218 0.0870 
6TH 0.0114 0.0904 0.0477 0.0493 0.11616 0.1057 
7TH 0.0140 0.1070 0.0448 0.0471 0.11785 0.1203 
8TH 0.0168 0.1263 0.0165 0.0130 0.12748 0.1429 
9TH 0.3757 0.1510 0.0199 0.0147 0.14633 0.1593 
TOP 0.5531 0.2652 0.0000 0.0060 0.18853 0.2203 

CUMULATIVE DISTRIBUTION OF 
INCOME, RENTS AND HOUSE VALUES 

------------------------------------------------------
INCOME RENTS HOUSE VALUES 

------------------------------------------------------
DECILE ANNUAL LIFETIME ANNUAL LIFETIME ANNUAL LIFETIME 

BOTTOM 0.0023 0.0224 0.2608 0.2421 0.0220 0.0099 
2ND 0.0063 0.0604 0.5416 0.4990 0.0598 0.0388 
3RD 0.0121 0.1147 0.6758 0.6805 0.1277 0.0882 
4TH 0.0195 0.1824 0.7796 0.7923 0.2115 0.1646 
5TH 0.0290 0.2602 0.8681 0.8698 0.3037 0.2516 
6TH 0.0404 0.3506 0.9158 0.9191 0.4198 0.3573 
7TH 0.0544 0.4575 0.9606 0.9662 0.5377 0.4775 
8TH 0.0712 0.5838 0.9771 0.9793 0.6652 0.6204 
9TH 0.4469 0.7348 1.0000 0.9940 0.8115 0.7797 
TOP 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 



TABLE 8 
DISTRIBUTIVE SERIES 



TABLE 9 
DISTRIBUTIVE SERIES 

PROPERTY TAX PAYMENTS 
56% FORWARD SHIFTING TO TENANTS 

DECILE ANNUAL LIFETIME 

BOTTOM 0.0419 0.0204 
2ND 0.0357 0.0183 
3RD 0.0325 0.0206 
4TH 0.0306 0.0216 
5TH 0.0290 0.0217 
6TH 0.0300 0.0210 
7TH 0.0246 0.0227 
8TH 0.0225 0.0221 
9TH 0.0195 0.0207 
TOP 0.0155 0.0183 

CUMULATIVE DISTRIBUTION 
PROPERTY TAX PAYMENTS 

56% FORWARD SHIFTING TO TENANTS 

DECILE ANNUAL LIFETIME 

BOTTOM 0.0337 0.0270 
2ND 0.0875 0.0668 
3RD 0.1560 0.1266 
4TH 0.2378 
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TABLE 10 
DISTRIBUTIVE SERIES 

PROPERTY TAX PAYMENTS 
NO SHOCK 

DECILE ANNUAL LIFETIME 

BOTTOM 0.0365 0.0334 
2ND 0.0333 0.0272 
3RD 0.0295 0.0272 
4TH 0.0286 0.0267 
5TH 0.0277 0.0264 
6TH 0.0266 0.0262 
7TH 0.0268 0.0257 
8TH 0.0272 0.0261 
9TH 0.0254 0.0237 
TOP 0.0242 0.0204 

CUMULATIVE DISTRIBUTION 
PROPERTY TAX PAYMENTS 

NO SHOCK 

DECILE ANNUAL LIFETIME 

BOTTOM 0.0343 0.0373 
2ND 0.0864 0.0873 
3RD 0.1507 0.1537 
4TH 0.2289 0.2315 
5TH 0.3150 0.3188 
6TH 0.4118 0.4196 
7TH 0.5277 0.5335 
8TH 0.6631 0.6681 
9TH 0.8126 0.8147 
TOP 1.0000 1.0000 



ASSUMPTION 

FULL FORWARD 
SHIFTING 
INTEREST-5% 

FULL FORWARD 
SHIFTING 
INTEREST-8X 

FULL FORWARD 
SHIFTING 
INTEREST-OX 

56% FORWARD 
SHIFTING TO 
RENTERS 

NO SHOCK 

TABLE 11 
ELASITICITY OF TAX PAYMENTS 

WITH RESPECT TO INCOME 

ANNUAL R-SQUARED LIFETIME R-SQUARED 

0.5447 0.9874 0.8021 0.9933 

0.5447 0.9874 0.7881 0.9947 

0.5447 0.9874 0.8151 0.9946 

0.6296 0.9787 1.0035 0.9864 

0.8126 0.9971 0.8148 0.992 



TABLE A-l 

DEFINITION OF VARIABLES USED IN REGRESSIONS 

Variable 

HAGE 
WAGE 
HAGESQ 
WAGESQ 
HEDUCl 

HEDUC3 

HEDUC4 

HEDUCS 

HEDUC6 

HEDUC7 

HEDUC8 

HEDUC9 

WEDUCl 

WEDUC3 

WEDUC4 

WEDUCS 

WEDUC6 

WEDUC7 

WEDUC8 

WEDUC9 

Definition 

Age of head of household 
Age of wife or co-habitator 
HAGE*HAGE 
WAGE*WAGE 
1 if head illiterate, 

o otherwise 
1 if head had 6-8 grades education. 

o otherwise 
1 if head had 9-11 grades education, 

o otherwise 
1 if head has high school education, 

o otherwise 
1 if head has high school education 

and nonacademic training, 
o otherwise 

1 if head has sone college, 
o otherwise 

1 if head has completed college, 
no advanced degree, 

o otherwise 
1 if head has sone graduate work 

or advanced degree, 
o otherwise 

1 if wife illiterate, 
o otherwise 

1 if wife had 6-8 grades education, 
o otherwise 

1 if wife had 9-11 grades education, 
o otherwise 

1 if wife has high school education 
o otherwise 

1 if wife has high school education 
and nonacademic training, 

o otherwise 
1 if wife has sone college, 

o otherwise 
1 if wife has completed college, 

no advanced degree, 
o otherwise 

1 if wife has sone graduate work 
or advanced degree, 

o otherwise 



TABLE A-l (CONT'D) 

HINTER! 
HINTER3 
HINTER4 
HINTERS 
HINTER6 
HINTER7 
HINTER8 
HINTER9 
WINTER1 
WINTER3 
WINTER4 
WINTERS 
WINTER6 
WINTER7 
WINTERS 
WINTER9 
SINGLE 

BLACK 

FMHD 

OVR6S 

NE 

SOUTH 

TIME 
TIMESQ 
HDVET 

FAMSIZ 
MILLS 
LPRENT 
LPOWN 

HEDUC1*HAGE 
HEDUC3*HAGE 
HEDUC4*HAGE 
HEDUCS*HAGE 
HEDUC6*HAGE 
HEDUC7*HAGE 
HEDUCS*HAGE 
HEDUC9*HAGE 
WEDUC1*WAGE 
WEDUC3*WAGE 
WEDUC4*WAGE 
WEDUCS*WAGE 
WEDUC6*WAGE 
WEDUC7*WAGE 
WEDUC8*WAGE 
WEDUC9*WAGE 
1 if head of household has no spouse, 

o otherwise 
1 if Black head of household, 

o otherwise 
1 if female head of household, 

o otherwise 
1. if head of household over age 65, 

o otherwise 
1 if household resides in the northeast, 

o otherwise 
1 if household resides in the south, 

o otherwise 
tine trend variable, 1972 ... 1985 
TIME*TIME 
1 if head of household is a veteran, 

o otherwise 
number of persons in family 
inverse of Mill's ratio 
log of price of renting 
log of price of renting 



TABLE A-2 

DEFINITION OF INCOME TERMS 

Measure Definition 
--------------------------------- --------------------------
CURRENT 
GK 

LIL 

FRIED 

PDV1 

PDV2 

PDV3 

current income 
income as predicted by equation (1) with 
no delta to account for difference among 
observationally equivalent families 
income predicted by 
equation (1) 
present discounted value, 
next four years predicted income 
present discounted value, 
total predicted future income, 
interest rate OX 
present discounted value, 
total predicted future income, 
interest rate 3X 
present discounted value, 
total predicted future income, 
interest rate 8X 



FIGURE 1 
SIMULATION RESULTS 
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FIGURE 3 
NO SHOCK 
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