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A model for estimating the direct and indirect affects of population

growth on property taxes is fit to data for Oregon counties. Results

suggest that increases in population did lead to increases in homeowner
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Population growth and rising residential property taxes are often linked

in the public mind. The popular hypothesis that population growth causes

property taxes to increase, particularly for homeowners, has led to calls

for tax reform and population growth management at the state and local

levels.

If, in fact, population growth does increase property taxes, particularly

those of the homeowner/voter, then public officials have an interest in

how and why this increase occurs. With this knowledge they can, if they

wish, change the legal framework of the property tax system so as to alter

the tax impact of population growth.

If on the other hand population growth does not, under the present

legal structure, affect local property taxes, public officials can tell

thos who would control population growth that reducing the rate of growth

is not likely to affect their taxes. More importantly, a clear understanding

of the relationship between population and property taxes should illuminate

other possible causes, perhaps indirectly related to population growth,

of the rise in homeowner's property tax bills.

This paper is an attempt to establish whether in fact population

growth is empirically linked with increasing residential property taxes

and, if such a link is

through the assessment

found, to

system as

process. In so doing, it builds

determine the extent to which it occurs

opposed to the local government budgeting

upon a substantial literature in which

economists have sought to model local fiscal behavior. Models of local

fiscal behavior have been developed over the past several decades out

of the "expenditure determinant" literature of the early 1940's in which

local government expenditures were "explained" by a series of variables

selected without theoretical underpinnings. Recent contributions t

this literature have much more carefully specified models. These studies,

summarized by Deacon (1977 A, 1977 B) and Hirsch (1977), have focused

on the demand for public goods and services and draw increasingly on
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public choice theory for their theoretical base. Fox and Sullivan (1980)

have explicitly used this theoretical base in their estimates of the expenditure

impacts of population growth. This paper extends this literature in two ways.

First, it broadens the scope of the analysis from an emphasis on local government

expenditures to a more complete model of fiscal behavior which includes revenues

and assessment variables. The enlarged scope of analysis turns out to be

important because of the strong influence of population on assessments.

Secondly, it allows for the possibility that population may indirectly

affect property taxes. Previous models have been built upon the restrictive

assumption that population and the other explanatory variables are independent

in their effects on property taxes. The resulting estimates of the impact

of population on expenditures or taxes have yielded estimates of the partial

effect of population, holding other variables constant. The formulation in

this paper permits estimation of indirect effects of population on taxes through

its effect on intermediate variables, such as the age of the housing stock,

personal income, and population density. Quite different results are obtained

with this more complete alternative formulation.

The model developed in this paper is estimated for the State of Oregon

and addresses the question of how population growth affects the property tax

bills of the average homeowner.

A Model of Residential Property Tax Bills

The tax bill of the Oregon homeowner is the product of the assessed value

of the owner's home and the tax rate applicable to all property owners in

his/her tax code area (a tax code area is an area which includes all properties

paying taxes to the same set of local governments). A model of residential

tax bills then has two submodels: one for estimating the tax rate and the

other for estimating the assessed value of a single family residence. These

two submodels and the residential tax bill equation which relates the two

are identified in Table 1.
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Table 1. Structural Form Equations: Model of Residential Property
Tax Bills

Tax Rate Submodels:

(1)

(2)

(3)

(4) T=

(5) V=

(6)

(7)

(8)

_ L
= - f

21 e2 f3,23 e4 f3.25

L = 20PYSAR

R
V

t /341 /342 1 43 044

134013 Y E R"

p.51 is52 f353 p54 p55

f35013 Y H B" A"

f361 1362 p63 p64

Y = f36oP N - K"

H Ho

Ho + H1

A E

Residential Assessed Value Submodel:

(9)
91 f392 (393._p94 p95

Y H B A'

Residential Tax Bill Equation:

L=

T=

P=

y=

S=

A=

R=

V =

E=

( 1 ) x E

Property tax rate

Per capita property tax levy

Per capita assessed value of all
property
Population

Per capita income

Number of public school students
4 population
Population density

Assessed value of residential
property 4 assessed value of
all property

per capita assessed value of
residential property

Dummy variable indicating whether
county is in eastern or western

Oregon

Proportion of housing built before
1940

B = Number of bathrooms per capita

Number of bathrooms per household

N = Total employment 4 population

K = Per capita value of capital stock

D = Distance in miles to Portland

Ho= Number of homes built before 1940

HI= Number of homes built since 1940

M = Area of county

Average value of a residential

property

X = Average residential property tax
bill.
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Property Tax Rate Submodel

The property tax rate submodel consists of eight equations: four identities

and four stochastic equations. In this model, the behavior of different types

of government units is not modeled separately. The levies of cities, counties,

and school districts are summed to determine the tax rate in each county.

For each county then there is a single tax levy and a single tax rate. A

detailed description of the model and of the rationale for its specification

is found in Buchanan and Weber (1981).

Several important features of Oregon's property tax system need explanation.

The property tax rate (Q) is equal to the property tax levy divided by the

total assessed value of all property in the county. The tax rate is usually

expressed in dollars per one thousand dollars of assessed valuation. In Oregon,

there are no restrictions on the tax rates of local governments. There is,

however, an important restriction on the property tax levy (the amount of

property tax revenue required to balance the local government budget, i.e.

the difference between planned expenditures and expected nonproperty-tax revenues).

The Oregon Constitution allows the property tax levy of any district to increase

by a maximum of six percent a year unless voters approve a higher amount.

Districts with levies in excess of their legal tax base must submit the difference

to the voters for approval. As a result, voter control extends beyond citizen

involvement in the budget process, and therefore, the size of the levy is

influenced by the characteristics of the community.

Average Single Family Home Assessed Value Submodel

In the second submodel, equation 9 estimates the average value of a single

family residence (17). This yields an estimate of the elasticity of an average

property value in contrast to equation 5 which estimates a per capita value.
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Property Tax Bill Equation

Equation 10 is the identity which defines the average residential property

tax bill (X) as the product of the tax rate and the value of the property.

It would be possible to use the model specified above to estimate the

direct effect of population on the tax levy, the assessed value of all property

and the assessed value of single family residences, ceteris paribus. Such

an objective would require only estimation of equations (2), (4), and (9).

^ ^
21'1341, and NI would be estimates of the elasticities of the tax levy,

total assessed value and average homeowners assessed value with respect to

population. Simple manipulation of these elasticities would yield elasticities

of the tax rate and average homeowners tax bill with respect to population,

--
ceteris paribus. Since X = 

L 
V, the elasticity of the average homeowner's

tax bill X with respect to population P (Ex.p) could be estimated as:

=E -E + ,6---c
X.P LP T.P V-P

1321 - i341

Such a procedure does not permit the estimation of any indirect effects

that population may have on the average homeowners tax bill, for example,

through its effect on per capita income. Estimation of the total direct and

indirect effect of population possible, however, using a reduced form of the

model outlined in the previous section.

Two more modifications in the structural form model of Table 1 are made

before estimating the regression coefficients.

First, some stochastic endogenous variables (Y, V, R) appear as explanatory

variables. When these variables appear on the right side of the equation

their predicted values are used in a two-stage estimating procedure.

VSecond, a reduced form of equation 4 is estimated. Since R =

the actual estimating equation is:

el^

T =
e3,1.,,,Wi-1.4
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The equations for calculating the compound elasticities of the variables

of interest with respect to population are given in Table 2. The compound

elasticity of the levy (L), for example, with respect to population (P), denoted

by the symbol ELp is composed of a set of partial elasticities. The "direct

partial elasticity" of L with respect to population, denoted by cL.p, is the

percentage change in L given a one percent change in P holding all other variables

constant. The indirect partial elasticity of L with respect to P is the percentage

change in L associated with a change in another explanatory variable (Y, for

example) which is in turn associated with a change in P. This indirect partial

elasticity is denoted by the symbol ELY P 

Table 2. Equations for Elasticity Estimation from Reduced Form

(1) E* 
=Q.P 

6*
L.P

(2) c*
L.PL.P

e*
T•P

EL.YY ^) (6 .̂ ) 6 (6 )̂(c*" )P    R.P

(3) 6*= c - E*c*R-P *R.P = V.P T.P
(4) 6 

TP (cT ̂ )(E*^ P ) T-P --YY- 

(5) E*^
V.P

6.* = 6 + (6 )̂(e ) +c* + e*V.P V.P V.Y Y.P V•H V.A
(6) 6*c-PY-P . Y-P
(7) E*

HP 
= -1.00 (by assumption)

-

(8) E*
AP 

= 1.00 (by definition)

(9)
= e_ + (ev.c,)( - c* 

V.P V.P .P) + 6*V.A
(10) E* 

X.P 
= E* + E*-

V•PQ•P



The model is estimated in logarithms using cross-sectional data from

33 of 36 Oregon counties.

Unpublished data for fiscal variables L, T, V, R, K were obtained from

the Oregon Department of Revenue for fiscal year 1977. Demographic data

(P,Y,S,A,N,M,D) and estimates of the age of housing variables (H, Ho, H1)

for 1977 were obtained from information published by the Oregon Department of

Human Resources and the Oregon Department of Education. The 1970 Census o

Housing provided data on IS, the average number of baths.

Results

Regression results are presented in Table 3. Using these results and

the formulas presented in Table 2, estimates of the compound elasticities

are derived and presented in Table 4. Table 4 also identifies direct partial

elasticities of selected variables with respect to population.

Direct Effect of Population on Homeowner Tax Bills

It is evident from Table 4 that one reaches quite different conclusions

about the effect of population growth on the average homeowner's tax bill

and on its components if one examines only the direct partial effects than

if one looks at both direct and indirect effects as estimated in the compound

elasticities.

The direct partial elasticities suggest that the average homeowner's

tax bill, declined by .12 percent for each one percent increase in population.

This is partly because the direct effect of population on the tax rate is

negative (6
Q* 

= -.22). This in turn is because population is estimated to
1)

have a greater negative direct effect on the per capita tax levy than it has

on per capita total assessed value 
(16L.P 

= -.521 > 1 
TP 

= -.301). Population

does appear to have a positive direct effect on the assessed value of the

average home (c--- = .10) but this effect is not strong enough to offset the
V.P

negative direct effect of population on the tax rate.



Table 3. Regression Results: Stochastic Equations in Reduced Form Model

Equation Number Dependent Variable Intercept Explanatory Variable R
2

(6) in

L =

T =

V =

Y =

-38.48-.52 1nP +5.32 in Y +1.00 1nS -.03 lnA +1.09 1nR .59
(9.67)* (.19)* (1.37)* (.34)* (.07) (.47)

-12.63 -.30 1nP +2.06 lnY +.01 lnE +.54 1nV .60
(4.58)* (.06)* (.54)* (.12) (.20)*

10.34 -.29 1nP -.95 lnY -.07 lnH -.42 1nB +.05 lnA .77
(5.37) (.11)* (.62) (.10) (.09)* (.06)

9.06 +.01 1nP +.43 1nN +.06 1nK -.06 lnD .62
(.25)* (.01) (.14)* (.03) (.01)*

.,
(9) in V = 5.00 +.10 1nP -.36 lnY -.16 1nii+.121nii +.05 lnA .85

(3.25) (.04)* (.37) . (.06)* (.07) (.04)

* Indicates coefficient statistically significant at = .05 level.

Standard errors in parantheses

Table 4. Estimated Elasticity of Dependent Variables With Respect to Population

Equation Number Dependent Variable Compound Elasticity Direct Partial Elasticity

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

V

A

E*Q*1) 
= 0.10

c*
L-P 

= -0.28

e*R.1, = 0.20

c*T.p = -0.38

c*v.p = -0.18

= 0.01Y.P

c*H.p = -1.00

c*A.p = 1.00

c*-17.p = 0.31

e* = 0.41X-P

-.22

-.52

-.30

• . 1 0

-.12



Direct and Indirect Effects on Population on Homeowner Tax Bills

The results in Table 4 suggest that the effect of population on homeowner

tax bills is not captured completely in the estimated direct partial coefficients.

Changes in population apparently have an effect on other variables such as

the residential fraction which in turn affect the tax levy and ultimately

the average homeowners tax bill.

Tax Rate Submodel

When one takes indirect effects into account, the effect of population

on the tax rate (Q) is not negative as the direct partial elasticity suggests

but positive (e
QP 

= .10). This is due to indirect effects of population
•

on both the per capita tax levy and on per capita total assessed value.

The total effect of population on the per capita levy is about half as

large as the direct effect (c* = -.28 < 6 = -.52). This is primarilyLP LP

due to the effect of population on the proportion of total assessed value

in single family homes which in turn affects the levy.

Since CRP 
is also positive (equation 3) there is an important indirect

effect in which growth, by changing relative property values, has the tendency

to increase L, partially offsetting the negative direct effect of population

on levies.

The value of 
c*R.P 

is positive because 6* > 6* 
. 

On a per capita
V-P T.P 

basis, the assessed value of residential property is more elastic with respect

to population than is the value of all property as a whole even though both

have negative elasticity estimates.

One implication is that, with the assessment system in effect in Oregon

at the time of this study, population growth apparently shifted the distribution

of the property tax burden toward residential property owners.
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Average Single Family Home Assessed Value Submodel

Population growth appears to increase the average value of a single family

residence. While the direct partial effect of population is not very large

(E-----V vP
=.10),thetotaleffectisconsiderable(c*--=.31). Population
-.p

affects the average home value indirectly through its effect on the average

age of housing in the community (addition of newer housing significantly

increases the average home value: c.v.H.p =+.16) and through its effect on

population density (c-1-1-.A.p = +.05).

Average Homeowners Tax Bill Equation

The results of the two submodels imply that population growth is positively

related to the tax bill of the average homeowner in Oregon. Since

6*- + 
6**1) 

= E* the estimated elasticity of an average residential property
V.P Q X-P

tax bill c*
X-P

is 0.41.

Even though per capita residential property taxes may decline with population

growth the average homeowner's property taxes increases with growth. Simultaneously,

since 
c*RP 

= .20, the proportion of the total tax burden borne by residential

owners appears to be positively related to long-run population growth under

the tax system existing at the time of this study.

The results indicate that from the point of view of the average homeowner,

the effect of growth on the tax levying behavior of local governments is relatively

less important than its differential impact on classes of property. At least

three quarters of the total effect of population growth on the average homeowner's

tax bill is accounted for by the effect of growth on average assessed home

values.

Conclusion

State and local policymakers concerned about the dynamics of local

population growth can use models such as the one developed in this paper
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to increase their understanding of the effects of population on local government

fiscal and assessment behavior, and on property taxes for selected classes

of property. It is clear from the results summarized above that partial models

(those which look at only direct partial effects) are apt to yield erroneous

conclusions. Under Oregon's 1977 tax system, the direct partial effect of

population growth was to lower the average homeowner's property taxes. A

model of direct and indirect effects of population yielded a very different

result: a one percent increase in population was associated with a .4 percent

increase in the average homeowner's property taxes.

A major reason for this result was that population affected the property

tax rate indirectly through its effect on the share of assessed value in residential

property. Population growth increased the share of total assessed value in

single family residences (6*R 
= .20) which in turn increased the responsiveness

•P

of the tax rate to population growth.

Apparently the Oregon legislature did not need an econometric model to

perceive this shift.

1979 Oregon legislature enacted a tax relief program in which among other

things, the average rates of increase in assessed valuations of residential

property and all other property on a statewide basis are limited to a maximum

of five percent per year. This has the effect of ensuring that R-P 
approaches

zero. While individual property assessments may increase by more than five percent,

residential owners as a class will not bear such a rapidly increasing proportion of

the tax burden. By putting a limit on 0 and E*
--VP' 

this measure could signifi-

cantly affect the relationship between population growth and homeowner's property

tax bills.

The use of an econometric model such as the one developed in this paper

for estimating the direct and indirect effects of population growth on selected

classes of property owners appears to have some promise. The model in this
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paper was developed for the Oregon economic and legal structure and to estimate

impacts on homeowners. It could, however, be easily adapted to other similar

tax systems and used for other similar purposes.

Such models represent a start in introducing long-neglected distributional

considerations into fiscal impact models.
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