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Abstract

This paper compared the effects of demographic structure and tax policies on real estate prices by using an overlapping
generation model under two situations: real estate as an investment good and real estate as a consumption good. We
found that both economic growth rate and market interest rate play the important roles in both situations. In the former
situation with real estate as an investment good, when the economic growth rate is higher (lower) than the market
interest rate, the youth dependency ratio, the elderly population ratio, real estate tax rate, and income tax rate are
reversely (positively) correlated with real estate prices. In the latter situation with real estate as a consumption good, the
effect of the young dependency ratio and income tax rate on real estate prices reveals a positive (negative) correlation
when the economic growth rate is higher (lower) than the market interest rate.
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1. Introduction

Low fertility and society aging are the trends of demographic structure change that global economic development must
face in the future, and severe challenges on national finance are the direct impact of demographic structure change. As
the young population reduces while the elderly population increases, if the government does not seek to induce people
to work longer, the working age population will continue to shrink, and the number of taxpayers reduces. Without
updating the tax system, government revenue will reduce significantly to bring extremely huge challenges to sustainable
finance. Therefore, tax system reformation (or namely tax raise) will be the one way to secure sustainable finance under
low fertility and society aging (such as Japan's consumption tax raises). In other words, demographic structure and tax
policies have become two extremely important topics affecting future economic development. In addition, as the real
estate is both consumption and investment goods, the research of real estate price is not only an economic issue, but
also the important daily life issues, this paper thus investigated the effects of demographic structure and tax policy
changes on real estate prices.

From the observation data of the real estate price change in the U.S. by Geltner (2015), it shows a huge boom beginning
by 2004, peaking around 2007-08, followed by a tremendous crash bottoming around 2009-10, and then a strong
recovery bouncing right out of the trough and continuing through early 2014. Hence this paper focuses on the analysis
in the issues of real estate price, and tries to interpret the factors affecting real estate prices, as well as the roles of
demographic structure and tax policies. Although existing literature has found many factors affecting real estate prices,
very few can elucidate the effect of demographic structure change on real house prices. In earlier times, Muth (1960)
analyzed factors determining real house prices in terms of micro-foundations and found that the factors of the distance
between the residential area and central business district, unit construction cost, the sales turnover, land use density, and
agricultural value will affect real estate prices. Capozza & Helsley (1989) expanded the scope of research to analyze the
problems of family heterogeneous. Since the 1970s, Macroeconomists began to notice the real estate market after the
application of econometric approaches and the availability of macroeconomic data increased. For example, Fair (1972)
investigating the correlation among real house prices, incomes, and expected future rents, he found that real estate
prices rise as incomes and expected rents change. After affirming Fair’s (1972) conclusion, Weinberg et al. (1981)
further noted that the effect of income rise on real estate prices often occurs after a period of time. Mayo (1981)
distinguished the real estate demand of different income scales and found that people begin to care more about the
quality than the quantity of housing after their income exceeds a certain amount, thus causing real house prices in prime
areas soar much faster and higher than that of the ordinary areas. According to Horioka (1988), instead of the agent
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income, researchers studied real house prices should pay attention to the family income. In addition, as the larger the
size of families have higher the demand for non-housing assets, the pushing effect on real house prices comparatively
reduces. Ahearne et al. (2005) analyzed the correlation between money supply and real house prices in OECD countries
after 1970, they found that the price of real estate and the price of financial assets will rise first as money supply
increases, and then the commodity price also rises, finally, the real house prices begin to reduce slowly, and Panagiotidis
& Printzis (2015) and Deng et al. (2015) focus on the macroeconomic determinants of the real estate price.

Although the correlation between demographic factors and real house prices is a hot topic in real estate studies (such as
Mankiw & Weil, 1989; Holland, 1991; McFadden, 1994), as most of researchers emphasized quantitative studies, no
well-established theory has been concluded to provide framework for analysis. Mankiw & Weil (1989) and Holland
(1991) were among the earliest to study the effects of birth rate and population scale on real house prices with
cross-sectional data and accurately predicted the fall of the US real house market two decades later. Although these
articles analyzed related topics from the angle of population scale, none of them considered the possible effects of
demographic structure. According to McFadden (1994), baby boom expansion was the cause for 20% of the rise of
actual US real house prices between 1969 and 1989 and would cause the fall of actual US real house prices. Green &
Hendershott (1996) investigated the effects of age structure, education attainment, and income on the family’s
willingness to pay for securing housing quality using the US 1980 census data and cross-sectional expenditures
equations, they found that although the correlation between real house price change and demographic change is
insignificant, demographic factors will affect real estate market development indirectly.

In addition, how tax policies affect real estate prices is another topic worthy of research. Due to the capitalization
perspective, local public expenditure and tax levying have become the objects of research on the issue of housing.
Capitalization occurs due to specific factors that to changes the future profit and affects the current prices of real estate;
and falls into positive capitalization and negative capitalization. The former, such as provisions for local public facilities,
brings positive effect to real housie prices; and the latter, such as levying property tax, brings negative effect to real
house prices. Many researchers studied topics related to capitalization, such as Oates (1969), Bergstrom & Goodman
(1973), Edel & Sclar (1974), Brueckner (1979, 1983), Reschovsky (1979), Sonstelie & Portney (1978), Yinger (1982),
Carroll & Yinger (1994), and Man & Bell (1996), with Oates (1969) and Edel & Sclar (1974) are comparatively
representative studies. Oates (1969) was the pioneer of related research and Edel & Sclar (1974) proposed that the
research period has significant effect on capitalization. From the above literature, it is clear that the difference of the
hypothesis, research methods and research variables were the main cause for the inconsistency effect of capitalization.

As we mentioned above, because most studies on the effects of demographic structure or tax structure on real house
prices are empirical analysis, and there lacks a complete, well-established theoretical framework, particularly lack of the
analysis of the characteristics and the effects of real estate which is both an investment good and a consumption good.
After Samuelson (1958) and Diamond (1965) introduced the overlapping generations model, many scholars have since
analyzed different topics with the model, including economic growth (such as Uhlig & Yanagawa, 1996; Yakita, 2003,
Zhang & Lee, 2003; Kawamoto, 2009), trade policy effects (such as Bettendorf & Heijdra, 2001), the existence,
unigueness, and stability of the long-run equilibrium (such as Galor & Ryder, 1989; Konishi & Perera-Tallo, 1997),
environmental policy effects (such as Karp & Rezai, 2014), and the issue of equity and efficiency (such as Piacquadio
& lIsaac, 2015). Inclusion of micro-foundations, being simple to understand, and ease of mathematical operation are the
characteristics of this model. To investigate the effects of demographic structure and tax structure on real house prices,
therefore, this paper considered real estate as an investment good and real estate as a consumption good when applying
the discrete-time overlapping generations model set by Samuelson (1958) and Diamond (1965) to analyze the effects of
demographic structure and tax policies on real estate prices.

This paper contains five sections. In addition to the introduction, Section 2 proposes a discrete-time overlapping
generations model based on real estate as an investment good, Section 3 deduces the effects of demographic structure
and tax policies on real estate prices based on real estate as an investment good with comparative static analysis,
Section 4 investigates the effects of demographic structure and tax policies on real estate prices also with comparative
static analysis after expanding the model to cover real estate as a consumption good, and Section 5 reports the
conclusions and recommendations of this paper.

2. Theoretical Model: Real Estate as an Investment Good
2.1 Households

Referring to the discrete-time overlapping generations model introduced by Samuelson (1958) and Diamond (1965),
assumed that there are three different generations in the economic system: the young agent generation, middle-aged
agent generation, and old agent generation. For young agents, representative agent does not make any decision, and
their consumption is included in that of their parents. That is to say, middle-aged agents (or parents) determine the
consumption of young agents. The lifetime utility function of representative agent i is expressed as follows:

89



Applied Economics and Finance \ol. 3, No. 2; 2016

U, =(nc +3Inc/) +BrInc., g

Where Cm and Ci(’)t+1 represent respectively the consumption level of agent i born in period t—1 in their youth
and old age periods, Ci\ft is the consumption level of young agent i bornin period t, ¢ is the dependency ratio of

young agents, /3 is the discount factor,and 7 is the survival ratio of old agents.

Assumed that representative agent earn an income (Y, ) from work and receive a fixed income transferred from the
government (f), and they consume and invest in bonds (Bi't) and real estate (Ri“’{I ) in their middle age. In old age,
they retire and consume the accumulated amount from mature bonds (Bi,t) and the capital from selling real estate
(Rﬁ). Therefore, the budget constraint of agent born in period t—1 in their youth (period t) and old age (period
t+1) is expressed as follows:

ct + & +B + @+ )RY =(1-7,)y;, +T )

Con =(@+1)/7)B,, +R., ©)

it+1
In these equations, rr':" and T, represent respectively the rate of property tax and income tax, and (1+r)/z the
real return on bond investments.

Assumed that both the bond and real estate markets are perfect, and both the bond and real estate are risk-free assets.

Referring to the no-arbitrage principle, the return on real estate must equal the return on bonds, therefore:

RG =(@+1)/m)+7)" )R (4)

Combining Egs. (2), (3), and (4), the following equation is obtained:

ct + &+ (rlL+r)ed,, =A- 7,)Yis (5)

Under the budget constraint (Eg. (5)), the optimal choice for representative agent to pursue the maximization of utility
(Eq. (1)) is expressed as follows:

c, = & (6)

o

Crg = BA+T)CY (7)

As net bond supply in the equilibrium is zero ( Bi]t = 0), the following equations can be obtained after substituting Eq.
(5) with Egs. (6) and (7):

Y M 1_Ty

YoM=Yy 8
it it 1+5+ﬂ72' yl,t ( )

o Ba+na-7,)

C.q,= 9
it+1 1+5+ﬂﬂ' yl,t ( )

M ﬂﬂ.(l_ry)
“‘_a+19a+5+ﬂmy“

(10)
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In Eqg. (10), we also use the expression: (1+7,) Ri'?f =@1-7,)Y — (Ci'f’tI + é'C,Yt) :

2.2 Firms, Government, and Market Equilibrium

To real estate agents, representative real estate agent supply real estate to maximize profit. In addition, to simplify
analysis, we assume that the government transfers all tax revenue to middle-aged agents in a lump-sum fashion. For any
period 1, the net demand on the real estate market of representative agent equals the net supply in the real estate
market, we then have:

R" —R® =R" —(1+1RY, = p,(H/n) (11)
Where P, and H represent respectively the price and supply of real estate, and N is the population of young
agents and middle-aged agents.

Submitting Eq. (10) with Eq. (11) and assumed that the economic growth rate is ¢ and population growth rate is zero,
the following expression is obtained:

~ prl—7,)(g-T)
CH@+7,)1+6+ Br)(1+Qg) Yis

P (12)
3. Comparative Static Analysis

To further investigate the effects of demographic structure (low fertility and society aging) and tax policies (property tax
and income tax) on real estate prices, by differentiating Eq. (12) with 6, x, 7, ,and T,,we obtained:

>0, if g<r.

o -prlor)e-n T )
Ao 2 it — > -0
06 H@+7,)A+0+pr)"(1+09) <0, if g>r.
0, if g<r.

. Ba-7,)A+5)g-1)

= =0, if =T. 14

or  HQ@+7,)A+5+pr)°(1+9) y"<0 o 3>r a4
5 >0, if g<r.

P _ —fr(9-1) - y.=0, if g=r. (15)
or, HQ@Q+7,)A+5+p7) (1+9) <0, if g>r.
>0, |if <T.

Y ) Chl NP o
or, H@+7,)°A+5+pr)°@A+g) " . 0’ i gt

From Eqgs.(13) to (16), it is clear that the status of economic growth rate and market interest rate determines the effects
of demographic structure (low fertility and society aging) and tax policies (property tax and income tax) on real estate
prices. When the economic growth rate is higher than the market interest rate (g > ), real estate prices rise as the
dependency ratio of young agents (0 ) and elderly population ratio (77 ) declines, property tax rate (7},) reduces, and
income tax rate ( 7, ) reduces. When the economic growth rate equals the market interest rate (g = r'), the dependency
ratio of young agents (o ), elderly population ratio (77 ), property tax rate (7, ), and income tax rate (ry) will not
affect real estate prices. When the economic growth rate is lower than the market interest rate (g < r ), the situation is
opposite to the economic growth rate is higher than the market interest rate (g > r ). The economic implication behind
this conclusion is: real estate carries important saving competence as it is also an investment good, as economic growth
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(growth rate is higher than the interest rate) continues, therefore, real estate prices will rise even the dependency ratio of
young agents (0 ), the elderly population ratio (77 ), property tax rate ( 7,,) and income tax rate (7, ) reduces.

4. Theoretical Model: Real Estate as a Consumption Good
Considering a case of the real estate as a consumption good, after introducing real estate consumption to the utility

function, the utility function will become as follows:
(6]
U, =(Inc} +8Inc, +InhY) + Bz(Inc’,, +Inh3,, (17)
Likewise, assumed that consumers can earn an income and invest in bonds and real estate only in the middle-aged

period, the budget constraint can be expressed as follows:

¢t + & +B + A+ )pht =@A-7,)y;, (18)

|t+1 =(A+r)/x) Blt + pt+1 (19)
By using budget constraints (Egs. (18) and (19)) and utility function (Eq. (17)), and assumed that P, = P,,; = P, the
optimal choice for real estate consumption to pursuit the maximization of utility is as follows:
20+nA-7 )+7,) -7 y
pA+nNA+5+pr) "

M —_
it

(20)

In the equilibrium, real estate supply in any period t satisfies H = nhi'?{I + n;r(hi?t —h'',). Also, assumed that the
economic growth rate is g and the population growth rate is zero, we then have:

- (-7,)(@-T) e
P Qo) - (A )+ + pr)Arg)

Likewise, by differentiating Eq. (21) with &, =z, 7, ,and 7, we obtained:

<0, if gx<r.

P, _ —(d-7,)(g-n) 0, if g=r. 22)
06~ H@+ 1) — (L) A+o+pr)idrg) ok or
0, if .

o —2p-e)@-0@rn) (i) T T -
or  HICA+e) (el )aro+fATave) ) 0 T
>0, if g«<r.

p ~2(1-7,)(g - r)1+ 5+ fr) f gor o0
or,  HI@A+7,)— (/A1) A+ o+ pr)fArg) ! o it gor
<0, if g<r.

Pe _ i Cll)) if g=r. (25)
o, H@A+ 1) () o+ pr)Pdrg) o it gor

From Eqgs. (22) to (25), it is clear that when real estate is a consumption good, the effects of the elderly population ratio
(7r) and property tax rate (7, ) on real estate prices is generally consistent, but the effects of the dependency ratio of
young agents (O ) and income tax rate (z'y) on real estate prices exist the difference as compared to the case of the real
estate as an investment good. When the economic growth rate is higher than the market interest rate (g > r), real

92



Applied Economics and Finance \ol. 3, No. 2; 2016

estate prices will fall as the dependency ratio of young agents (0 ) and income tax rate (ry) declines. When the
economic growth rate equals the market interest rate (g = r), the dependency ratio of young agents (o ) and income
tax rate (ry) will not affect real estate prices. When the economic growth rate is lower than the market interest rate
(g <), real estate prices will rise as the dependency ratio of young agents (0 ) and income tax rate (Ty) declines.
This is because real estate consumption enters the utility function. Therefore, as long as the economic growth rate is
high enough (higher than the interest rate level), even the dependency ratio of young agents (0 ) and income tax rate
(z'y) rises, people tend to buy more real estate when they are young to plan for their later life, hence the real estate
demand increases, and the higher the real estate prices will be.

We then do a quantitative exercise to verify the effects of demographic structure and tax policies changes on real estate
prices. Similarly to the work of Sommery & Sullivan (2014), the parameters adopted for the simulation in this paper are
mostly fit the actual data for the U.S. First, following the literature of Sommery & Sullivan (2014), the subjective
discount factor ( ) is set equal to 0.99, the average U.S. income tax rate (z'y ) was estimated at close to 10% (see CBO,
2010), and using data from American Community Survey Reports (2008), housing property tax rate (7, ) is set to
0.95%. In addition, because housing supply is relatively inelastic (see Sommery & Sullivan, 2014), this paper sets the
real estate supply growth rate (H ) to be 1, income ( Yi ) also set to 1. Finally, using the data from the National Vital
Statistics Reports (2015), birth rate (& ) and survival rate (77) are set to 0.6 and 0.99, respectively. And because the
focus of this paper are the parameters of economic growth rate (g ) and interest rate (I'), for the simulation, values in
1%, 2%, and 3% are successively taken. The parameter values are summarized in Table 1, and the results of numerical
simulations are as shown in Table 2.

Table 1. Choice of the parameter values

Symbol Description Value
p Subjective discount factor 0.99
o Dependency ratio of young agents 0.6
T Survival ratio of old agents 0.99
T, Rate of income tax 10%
7 Rate of property tax 0.95%
H Real estate supply growth rate 1
g Economic growth rate 1%; 2%; 3%
r Interest rate 1%; 2%; 3%

Table 2. The results of numerical simulations

Model 1: Real Estate as an Investment Good

P, P P P
00 on or, or,
r 1% 2% 3% 1% 2% 3% 1% 2% 3% 1% 2% 3%
g=1% 0 00013 00026 O 00013 00026 0 00014 00029 O 00013 00026

g =2% -0.0013 0 0.0013  -0.0013 0 0.0013 -0.0014 0 0.0014 -0.0013 0 0.0013

g =3% -0.0026 -0.0013 0 -0.0026  -0.0013 0 -0.0028 -0.0014 0 -0.0025 -0.0013 0

Model 2: Real Estate as a Consumption Good
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P P P op,
00 on or, or,

r 1% 2% 3% 1% 2% 3% 1% 2% 3% 1% 2% 3%
g=1% 0 0018 003 0 0003  0.008 0 0193 0429 0 002 -0.043
g=2% o017 0 0018 -0.002 0 0004  -173 0 0212 0018 0 -0.02
g=3% 0032 0017 0 0004 0003 0 0343 -0.19 0 0035 0018 0

As known from the Table 2, we can recertify the effects of demographic structure and tax policies on real estate prices
in the cases of real estate as an investment good and real estate as a consumption good

5. Conclusions and Recommendations

Declining labor population due to low fertility rate accompanied with rising retired elderly population is the common
demographic structure problem across the world, and financial source sustainability is the problem resulting from low
fertility and society aging. In addition, as there lacks theoretical research of factors affecting demographic structure
change, this paper investigated the effect of demographic structure change and tax policies on real estate prices under
two situations: real estate as an investment good and real estate as a consumption good, with the discrete-time
overlapping generations model.

Through theoretical derivation, we found that economic growth rate and market interest rate play considerably
important roles in how demographic structure and tax policies affect real estate prices. For example, when the economic
growth rate is higher than the market interest rate and real estate is an investment good, the real estate prices would rise
as the dependency ratio of young agents and the elderly population ratio reduces, property tax rate and income tax rate
reduces. When the real estate is a consumption good, the effects of the dependency ratio of young agents and income
tax rate on real estate prices exist the difference. That is to say, when the real estate is a consumption good, real estate
prices will fall as the dependency ratio of young agents and income tax rate decreases.

This paper aims to propose a simple and easy to understand theoretical framework among a great number of empirical
studies, so as to supplement the research of real estate issue. To simply analysis, however, altruism was eliminated,
which is the limitation of this paper. This limitation can be one of the topics in future research.
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