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ABSTRACT

We re-examine the standard model of housing values to determine how the formation of households‘
expectations regarding price appreciations affects housing market bid prices, and whether such
consumer behavior leads to potentially unstable market conditions with price bubbles. We find
the technical conditions required to produce stable long-run equilibrium both mathematically
and using simulations. We find that housing prices will be stable only as long as the influence of
the past price appreciation on appreciation expectations is less than the average value of the
rent-to-expected price ratio.

1. INTRODUCTION

In the late 1990’s and early 2000’s there has been a rapid increase in house prices which was
followed by a bubble in national house prices.1 Since housing is the largest element in the asset
portfolio of many households, it is expected intuitively that housing returns should be incorporated
into households’ expectations. However, to the best of our knowledge there is no detailed study
that looks at the determinants of housing returns, in particular the formation of households’
expectations regarding price appreciation, is incomplete. In this paper we re-examine the standard
model of housing values2 to determine how the formation of households’ expectations regarding
price appreciation can affect housing market bid prices, and whether such consumer behavior
can lead to potentially unstable market conditions with price bubbles. We determine the technical
conditions which produce stable long-run equilibrium with respect to mathematical consistency
and simulated outcomes.

After determining the formation of appreciation expectations, we analyze the model in
terms of mathematical consistency and simulated outcomes. The results show that the average
weight of the influence of the past price appreciation on appreciation expectations should be
less than the rent-to-expected price ratio for stable long-run equilibrium.

In this study we focus on an explicit form of expected capital gain measure (what people
expect the capital gain on their house to be for the following year) in the model to examine the
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stability properties of the basic model under alternative assumptions regarding expectations.
Interestingly, this theme has largely been ignored by most urban/real estate economists. Although
most of the arguments (variables) in the model are straightforward and quantifiable, measuring
expected capital gain is a nontrivial process since it is based upon expectations. How such
expectations are formed has profound implications for the model because the expected capital
gain could be nearly as large as the rest of the terms, making it a significant element in the
model. By examining how the model is dependent upon the formation of appreciation
expectations, speculative bubbles can be explained. Having unreasonably high expectations
about future capital gains may result in unstable movements of the rent-to-price ratio which, in
turn, might cause a housing bubble.

Although the housing model has been used to study various issues in housing markets, to
the best of our knowledge there are no studies that consider how expectations about house price
appreciation should be integrated into the model. How those expectations are formed can be
critical to the basic model of housing values. Since expectations about housing price appreciation
could be nearly as large as the rest of the terms in the model, it is an extremely important part of
the model. In this paper, we use the basic model of housing values to study rent-to-price ratios
in housing markets under alternative assumptions regarding expectations. Subsequently, we
examine the viability of the model and the conditions to produce stable long-run equilibrium.

The rest of this study proceeds as follows. Section 2 describes the model, its general
acceptance and its various uses over the years. Then the formation of expectations about house
price appreciation and limitation of existing literature are discussed in sections 3 and 4,
respectively. Section 5 shows the requirements for viability and stability of the basic model and
simulation examples of stability outcomes. Section 6 relates our findings in the housing model
with the stock market and looks at the similarities. And then we conclude with Section 7.

2. THE BASIC MODEL

The basic model of housing values, as proposed by Mills (1972), assumes that the housing
market is perfectly competitive, which drives profits to be zero in the long run. Alternatively,
gross returns to housing capital (income or implicit income) equal costs. This means that gross
housing rents equal total costs of home ownership. Total costs of home ownership include both
operating costs and the expected capital gains, which are stated by the following equation:

R = i � P + � � P + � � P – g � P (1)

rearranging Equation (1):

R = (i + � + � – g) � P (2)

The above equation suggests that rent is equal to ownership’s costs, which are an annual
interest on the investment, at rate i, a property tax, at rate �, operating costs (maintenance,
repair, insurance, utilities), at rate �, and expected capital gains, at rate g. For a house value of
P and percent of value costs given by i, �, �, and g, R is the rent that must be charged simply to
break even (earn a normal return to capital).3 This implies that consumers of housing should be
indifferent between home owning and renting.
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Suppose that the real interest rate and the real growth in market values are independent of
the rate of inflation, �. This concept can be represented by replacing i by (r + �) and g by (gr+�)
in Equation (2).

Therefore, Equation (2) can be rewritten in real dollar terms as the following:

R = (r + �) � P + ��� P + ��� P – (gr + �) � P (3)

R = r � P + ��� P + ��� P – gr � P (4)

where the cost of capital is defined in terms of a real interest rate, r and the housing market
appreciation is defined in terms of real growth in market values, gr.

The first term in Equation (4) is the cost of foregone real interest that the homeowner could
have earned through investing in something other than a house. This one-year cost is calculated
as the price of housing P times the long-term real interest rate, r.4 The second term is the one-
year cost of property taxes, calculated as house price times the property tax rate, �. The third
term reflects operating costs expressed as a fraction � of house value, P. Finally, the fourth term
is the house price times gr, which is expected real rate of house price appreciation. The sum of
these four terms gives the total return to housing capital.

Equation (3) can be modified by adding the tax deductibility of mortgage interest and
property taxes for filers who itemize on their federal income taxes as follows:

R (1 – t) � r � P + (1 – t) ����� P + ��� P – gr � P (5)

where t is the homeowner‘s marginal income tax rate, Equation (5) can be rewritten as:

R = [(1 – t) � [r + �] + � – gr] � P (6)

The right hand side of Equation (6) is the annual real total cost of ownership, which is
expressed in terms of the cost per dollar of the house value.

2.1. The Model in the Literature

Since the market relationship between house price and rental price is an important concept in
the analysis of housing markets, the basic model of housing values is used widely in the housing
literature. Mills (1972) shows the model starting with a simple case, in which rent and house
value are linked only by interest rate. In this example, homeowner’s only cost is the annual
interest. Later, they incorporate taxation, capital gains, inflation and operating costs proportional
to house price into the model. If the rental market is competitive, annual rent just covers annual
cost. In other words, annual rent equals the annual cost of home ownership. Poterba (1984)
suggests that the marginal benefit (implicit rent) and cost (the user cost of the asset) of owning
the housing assets are equal for homeowners. The user cost of the asset is defined originally by
Jorgenson (1963), which is the sum of the after-tax opportunity cost of holding the capital asset,
property taxes, and depreciation and repair, minus the expected capital gain of the asset. Poterba
(1984) uses this model to argue that inflation reduces the effective cost of homeownership and
raises the tax subsidy to owner occupation. He explains how changes in the expected inflation
rate affect the real price of houses and the equilibrium size of housing capital stock. Himmelberg,
Mayer and Sinai (2005) uses the static version of the model to study rent-to-price ratios in
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housing markets. They measure the annual cost of homeownership for 46 metropolitan areas in
the U.S.A. over 25 years and compare them with local rents to determine the changes in the
level of house prices. They find that, from 1995 to 2004, the cost of ownership rose somewhat
relative to the cost of renting. Also, they demonstrate that house prices are more sensitive to
changes in real interest rates when rates are already low.

Although the housing model has been used to study various issues in housing markets, to
the best of our knowledge there are no studies that consider how expectations about house price
appreciation should be integrated into the model. How those expectations are formed can be
critical to the basic model of housing values. Since expectations about housing price appreciation
could be nearly as large as the rest of the terms in the model, it is an extremely important part of
the model. In this paper, we use the basic model of housing values to study rent-to-price ratios
in housing markets under alternative assumptions regarding expectations. Subsequently, we
examine the viability of the model and the conditions to produce stable long-run equilibrium.

2.2. The Impact of Inflation and Income Tax Breaks

The impact of inflation on housing demand can be shown by using the basic housing model5.
When inflation rates increase, nominal interest rates are augmented and there will be an increase
in both homeowner‘s interest charges and nominal capital gains. However, an increase in the
inflation rate reduces the real cost of homeownership because homeowners can deduct mortgage
interest payments from their taxable income. This will lead homeowners to gain on balance.
They will receive the full nominal capital gains but they will pay only some of the interest
charges. This shows that there is a positive relationship between inflation and housing demand.
Since the cost of ownership declines with a higher inflation rate, people are willing to buy
houses instead of renting; this results in an increase in real house prices. Poterba (1984) shows
that the high inflation rates in the 1970s led to a 30 percent increase in real house prices and the
stock of owner-occupied housing. On the other hand, J. R. Kearl (1978) argues that the financial
position of homeowners is not affected by the expectation of inflation in the long-run. Even
though the debt of homeowners rises in the present, inflation may provide higher nominal
incomes to compensate higher payments.

3. A KEY TO THE MODEL: THE FORMATION OF INFLATIONARY
(APPRECIATION) EXPECTATIONS

Since expectations are largely unobservable, economists usually assume models of expectations
formation, in which expected inflation is based on current levels or lags of other variables. Two
models of the formation of expectations have been used to explain the formation of appreciation
expectations.

First, the rational expectations model which states that individuals make choices based on
their rational outlook, available information and past experiences.6 This model suggests that the
current expectations in the economy are equivalent to what the future state of the economy will
be. The model implies that actual and expected inflation must be identical up to a completely
random error, or that the forecasts are unbiased. This is shown in Equation (7), where �

t
 is the

actual and E(�
t
) is the expected inflation.
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�
t
 = E(�

t
) + �

t
(7)

An alternative model to the first one is the adaptive expectations model7. The idea is that
individuals are different in forming their expectations adaptively. In addition to that, the adaptive
process itself may vary substantially over time as well, while people adjust their behavior to
changing economic conditions. The model states that individuals use recent historical data such
as past inflation rates when making their investment decisions, and they predict future rates by
adjusting the data (based on their expectations). For example, if inflation over the last 5 years
has been in the 2-3% range, investors would use an inflation expectation of that range when
making investment decisions. As a result, if a temporary and extraordinary fluctuation in inflation
occurs, investors will overestimate the movement of inflation rates in the future.

3.1. Alternative Hypotheses

There can be an alternative hypothesis on how appreciation expectations are formed depending
on several measures. In this paper, we derive an explicit form of expected real rate of house
price appreciation and discuss its implications. We show that the expected real rate of house
price appreciation is the hybrid version of rational and adaptive expectations. In the extension
of basic housing model, the expected real rate of house price appreciation is comprised of two
components. The first component is the price appreciation explained by fundamental factors.
The fundamental factors are locational and structural characteristics of the houses being sold.
The rational expectations model states that individuals make choices based on their rational
outlook, available information and past experiences, while the first component is related to the
correlation with fundamental factors and past experiences. Therefore the first component implies
rational expectations. The second component is the past price appreciation and it includes both
explained and unexplained past appreciation. The adaptive expectations model states
that individuals use recent historical data when making their investment decisions, and they
predict future rates by adjusting the data. Therefore the second component implies adaptive
expectations.

Next, we focus on the expected real rate of house price appreciation term in Equation (6) to
examine the stability properties of the basic model under alternative assumption regarding
expectations. In the extension of the model, the separated expected real rate of house price
appreciation is added into Equation (6):

R
t
/P

t
 = [(1 – t

t
) � [r

t
 + �

t
] + �

t
 – E(g

t+1
)] (8)

where,

E(g
t+1

) = expected real rate of house price appreciation

and, E(g
t+1

) (henceforth g
t+1

) denotes expectation of house price appreciation at period t + 1

g
t+1

 = g
e
 + � � g

ut
 0 ����� 1 (9)

The expected real rate of house price appreciation is decomposed as a past price appreciation
explained by fundamental factors, g

e
8, and a past price appreciation influenced by unexplained

or random variations in prices, g
ut

. Thus, g
e
 is related to past experience between price

appreciations and fundamental factors. The fundamental factors are locational and structural
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characteristics of the homes being sold. For example, in Houston, home prices in the distant
suburbs have kept up with inflation in the last 40 years. On the other hand, real home prices
have, on average, increased at about 2 to 4 per cent per year in the center area of Houston,
depending upon locations.

Equation (8) becomes:

R
t
 / P

t
 = [c – g

t+1
] (10)

equivalently,

R
t
 / P

t
 = [c – [(� � L

i
 + ��� S

i
) + ��� g

ut
]] (11)

where c = (1 – t
t
) � [r

t
 + �

t
] + �

t
 and L

i
 stands for locations and S

i
 stands for structures.

Another hypothesis is that the expectations depend on the rent appreciation. This is similar
to the stock market expectations on dividend versus price ratios, in which the stability issue in
house prices is not questioned. It is mainly due to the fact that investments are on dividends of
stocks.9 This process is similar to buying houses based on the return to the housing capital
(implicit rent), and it provides stability between rent and house prices in the model. On the
other hand, people’s appreciation expectations based on the price appreciation lead us to further
examine the stability issue in house prices. High expectations about capital gains may result in
unsteady movements of the rent-to-price ratio, which in turn might cause unstable house prices.

4. LIMITATIONS OF THE LITERATURE’S EXAMINATION OF THE BASIC MODEL

Theoretically, even though the model is used widely in the literature, there appears to be no
rigorous attempts to consider the issue of viability of the model. In other words, the necessary
and sufficient conditions under which the model can be used to represent the housing markets
properly have not been explicitly pointed out. Many papers appear to make some intrinsic
assumptions that are taken for granted and not questioned in detail. One of these assumptions is
the formation of the appreciation expectations. How appreciation expectations are formed is a
critical question because, although most of the arguments (variables) in the model are
straightforward and quantifiable, measuring expected real rate of appreciation is a nontrivial
process since it is based upon expectations. How those expectations are formed has profound
implications for the model because the expected real rate of appreciation could be nearly as
large as the rest of the terms in the model; this makes it a significant element in the model. Once
expectations are taken into account, stability of the model becomes a crucial point from a theoretical
point of view; one should identify the stability conditions. Then speculative bubbles can be explained
by examining how the model is dependent upon the formation of expected real rate of appreciation.
Having unreasonably high expectations about future capital gains may result in unstable movements
of the rent-to-price ratio which in turn might cause a housing bubble.

5. THEORETICAL EXAMINATION OF VIABILITY AND STABILITY OF THE
MODEL

In this section, we investigate the viability of the model and the conditions required to produce
stable long-run equilibrium with respect to mathematical consistency and simulated outcomes.
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5.1. Mathematical Proof for Viability

Rearranging Equation (10) as:

R
t
 = P

t
 � [c – g

t+1
] (12)

and Equation (9) can be extended as follows:

g
t+1

 = (1 – �) � g
e
 + ��� (g

e
 + g

ut
) (13)

1

1 (1 ) [( ) / 1] 1n
t n e n t t n t ng g P P P� � �

� �
� � � � � � � � � �� �

� �
(14)

where n = 1, 2, 3… and,

1

[( ) / 1] 1n
t e ut t t n t ng g g P P P� �

� �
� � � � � �� �

� �
(15)

 The Equation (14) is the hybrid version of rational and adaptive expectations. g
t+1

 is equal
to a weighted average of g

e
, which is the past price appreciation based upon known correlates

and g
t
, which is the past price appreciation including both explained and unexplained past

appreciations. If the weight on g
t
 is 0, it implies perfectly rational expectations if the weight on

g
t 
is 1, then perfectly adaptive expectations.

Individuals whose expectations are based on rational expectations would take g
e
 into account.

Since the rational expectations model states that individuals make choices based on their rational
outlook, available information and past experiences. g

e
 is related to the correlation with

fundamental factors and past experiences. However, individuals whose expectations are based
on adaptive expectations would take g

t
 into account. The adaptive expectations model states

that individuals use recent historical data when making their investment decisions, and they
predict future rates by adjusting the data.

The first condition for the viability of the model from Equation (12) is c > g
t+1

. Alternative
results would lead to negative rents or house prices. Next, we consider a second and more
restrictive condition for the viability of the model.

Notice that by plugging Equation (14) into Equation (12), the results are:

� �
1

(1 ) [( ) / 1 1n
t t n e n t t n t nR P c g P P P� �

� �� � � � � � � � � � � �� �� �
(16)

Equation (16) can be approximated for small changes in price over time as follows10:

1
[( ) / ]t t n t t n t nR P A P P P

n � �

� �� �� � � � � � �� �� �� �� �
(17)

where,
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A = c – (1 – �
n
) � g

e
(18)

which simplifies to

2( / ) 0n n
t t n t tP P A P R

n n�

� �� �� � � � �� �� �
(19)

Solving quadratic Equation (19) for P
t
, two roots are obtained:

2

1( / 2 ) 4n n n t
t t n

t n

R
P P n A A

n n n P�
�

� �� � �� � � �� �� � � � � �� � � �� �� � � �� �
(20)

or

2

( / 2 ) 4n n n t
t t n n

t n

R
P P n A A

n n n P�
�

� �� � �� � � �� �� � � � � �� � � �� �� � � �� �
(21)

As the covariance between R
t 
and P

t 
is always greater than 0, Equation (21) cannot hold.

Equation (21) presumes that cov (R
t
, P

t
) < 0; which is inconsistent with Equation (12).

5.2. Feasibility Conditions: The Past Price Appreciation Equal Zero

Next, it is assumed that if the past price appreciation equals zero, g
t
 = 0 or 0 ,t t n

t n

P P

P
�

�

� ��
�� �

� �
then

Equation (16) becomes:

R
t
 = P

t
 � A (22)

The same assumption that there is no past price appreciation (P
t
 will be equal to P

t–n
) is

applied to Equation (20), which is compared to Equation (22) for consistency.

Then Equation (20) becomes:

2

( / 2 ) 4n n n t
t t n

t

R
P P n A A

n n n P

� �� � �� � � �� �� � � � � �� � � �� �� � � �� �
(23)

adding Equation (22) into Equation (23):

2

( / 2 ) 4n n n
t t nP P n A A A

n n n

� �� � �� � � �� �� � � � � �� � � �� �� � � �� �
(24)
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2

2( / 2 ) 2 4n n n n
t t nP P n A A A A

n n n n

� �� � � �� � � �� �� � � � � � �� �� �� �� � � �� �
(25)

2

( / 2 ) n n
t t nP P n A A

n n

� �� �� � � �� �� � � � �� � � �� �� � � �� �
(26)

Therefore, the necessary condition in order to find a feasible price, P
t
, is A � �

n
/n or recalling

Equation (18); [c – (1 – �
n
) � g

e
] �

n
/n or equivalently; c � (1 – �

n
) � g

e
 + �

n
/n with the assumption

that there is no past price appreciation, g
t
 = 0. Without a feasible price, the equilibrium rent-to-

price ratio will be negative. This makes either price or rent to be negative which is not possible.

5.3. Feasibility Conditions: Positive and Negative Values of Past Price Appreciation

In this section, we investigate the condition with the examples of positive and negative values of

past price appreciation, 0tg � or 0 .t t n

t n

P P

P
�

�

� ��
�� �

� �

No past price appreciation:

0 (1 ) /t t n
n e n

t n

P P
c g n

P
�

�

�
� � � � � � � �

Positive value of past price appreciation:

3
0.25 (1 ) /

2
t t n

n e n
t n

P P
c g n

P
�

�

�
� � � � � � � ��

Negative value of past price appreciation:

1
0.25 (1 ) /

2
t t n

n e n
t n

P P
c g n

P
�

�

�
� � � � � � � � ��

The conditions above can be generalized for viability of the basic housing model as follows,

(1 ) 2 1 /t
n e n

t n

P
c g n

P�

� �� �
� � � � � � � ��� �� �

� �� �� �
(27)

With the assumption that there is no expected real rate of house price appreciation, Equation
(10) becomes:

R
t
 / P

t
 = c (28)
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Hattapoglu and Hoxha (2011) analyzing two datasets from Houston find that the rent-to-
price ratio varies from house to house ranging from .05 to .13. Using the mean value of the rent-
to-price ratios, the Equation (27) becomes:

0.1 (1 ) 2 1 /t
n e n

t n

P
g n

P�

� �� �
� � � � � � � ��� �� �

� �� �� �
(29)

Equation (29) is a second and more restrictive condition for viability of the basic housing
model.

The model can be more restrictive for regions with smaller values of rent-to-price ratio. For
instance, rent-to-price ratio is around 0.03 in California, which is much lower compared to
Houston, and thus makes the model very restrictive and less likely to hold. Equation (29) becomes:

5.4. Mathematical Proof for Stability

Stability refers to a process which, after experiencing a shock, reverts back to its long run
equilibrium value over time. In contrast, instability characterizes a process which, after
experiencing a shock, never returns to its long run equilibrium value. In this section we look at
the conditions for house price stability.

For simplicity, we show the proof for stability only for one period past price appreciation
(n = 1). When looking at one period of past price appreciation, the same results are achieved
with simulations11. When more than one period of past price appreciation is examined; for
example last ten years of price appreciation, 10 degree polynomial equations must be solved,
which is nearly impossible. However, using approximations, one can obtain close results with
simulations.

One period past price appreciation, n = 1 ; Equation (16) becomes:

� �1 1 1(1 ) [[ / ] 1]t t e t tR P c g P P�� � � � � � � � � � (31)

k
t
 is defined as follows:

1( )
t

t
t

R
k

E P �

� or equivalently, R
t
 = k

t
 � E(P

t+1
) (32)

where E(P
t+1

) (henceforth P
t+1

) denotes expectation of house price at period t + 1.

The convergence of this value, k
t
, to some arbitrary value, k , over time constitutes long-

run equilibrium and hence stability. This implies that if the ratio of the rent to expected house
price converges to an arbitrary value, k , this ratio has the property of being stable. Intuitively,,
if an increase in the current rent is followed by an increase in the expected future price in the
long-run, then k

t
 is characterized as being stable. Conversely, if a decrease in the current rent is

followed by an increase in the expected future price in the long-run, then k
t
 is characterized as

being instable. Essentially, if k
t
 is stable, the relationship between the rent and expected house

price should exhibit a positive linear relationship. If k
t
 fails to converge to some arbitrary value,
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k , then k
t
 is characterized as being instable. Thus, stability in the rent to expected house price

ratio will not be observed. This arbitrary value, k , can also be considered as the average of k
t

for all periods. Hence, any shock to rents or prices may cause k
t
 to change in the short run but

this variable will converge to k  to obtain long term stability..

Then, in the long-run Equation (31) can be written as:

� �1 1 1 1 1(1 ) [ / ]t t e t tk P P c g P P� �� � � � � � � � � � � � (33)

Equivalently,

1
1 1 1 1/ [ (1 ) ] / [ / ]t t e t tP P c g k P P

k� �

�
� � � � � � � � � (34)

x
t+1

, x
t,y

 and z are defined as follows:

x
t+1

= P
t+1

/P
t

x
t

= P
t
/P

t–1

y
1

= [c + �
1
 – (1–�

1
) � g

e
]/ k

z
1

= 1( / )k� �

Plugging these into Equation (34), the following form of a difference equation is obtained:

x
t+1

 = y
1
 + z

1
x

t
 y

1
 > 0 (35)

if the absolute value of z
1
 in Equation (35) is less than 1, i.e. |z

1
| < 1, then any departure of x

t

from its equilibrium value 1 1/(1 )x y z� � will tend to disappear as time passes. The equilibrium

value of x
t
 is calculated as follows:

if x
t–1

 = y
1
/(1 – z

1
), then

x
t
 = y

1
 + z

1
[y

1
/(1–z

1
)] = y

1
 [1+z

1
/(1–z

1
)] = y

1
/(1–z

1
)

for the value of z
1
 in first-order difference Equation (35), there are 6 possibilities to determine

how x
t
 will change over time:

1. z
1
 > 1 : The succeeding values of ( )tx x� will explode, getting larger and larger in

value in each succeeding period.

2. z
1
 = 1 : Explosions will not occur, but there will be no tendency for x

t
 to return to any

equilibrium value.

3. 0 < z
1
 < 1 : x

t
 will converge to its equilibrium value, x , unambiguously..

4. –1 < z
1
 < 0 : x

t
 will converge to its equilibrium value, x , but only after alternative

oscillations.

5. z
1
 = –1: Constant oscillations will be observed and x

t
 will not converge to any equilibrium

value.

6. z
1
 < –1 : Explosive oscillations will result.
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Therefore the necessary and sufficient condition for dynamic stability is |z
1
| < 1. Equation

(35) can be solved by recursive expressions. After solving recursive expressions:

1 ( )m
t m tx x z x x� � � � (36)

Equation (36) shows that t mx x� � as m ��� if and only if |z
1
| < 1.0. Then recalling

that � �1 1 /z k� � �  and adding into |z
1
| < 1.0:

1k � �

The expression shows the necessary and sufficient condition for dynamic stability in the
basic housing model. It states that as long as the weight (�

1
) of the influence of the past price

appreciation on appreciation expectations is less than the average value of the rent-to-expected
price ratio, one will observe stability in house prices.

Following Hattapoglu and Hoxha (2011), we use a specific value for 0.1.k �

Then, the necessary and sufficient condition for stability would be:

0.1 > �
1

5.5. Simulation Examples of Stability Outcomes

In section 5.4, the technical conditions which produce stable long-run equilibrium with respect
to mathematical consistency are determined. In this section, the conditions for stability of the
model with respect to simulated outcomes are demonstrated to evaluate whether stability
conditions expressed in section 5.4 are consistent with simulated outcomes.

Rearranging Equation (16) for one period past price appreciation, n = 1 :

P
t
 = R

t
/[c – (1 – �

1
) � g

e
 – �

1
 � [[P

t 
/ P

t–1
]–1]] (37)

The initial numerical values for the variables in the Equation (37) are given and the prices
for the next 50 periods are calculated. The numerical values are used: R

i
 = 10,000, P

i
 = 100,000,

c = 0.10 and g
e
 = 0.01. Using these values the initial rent-to-price ratio is calculated: 0.1i

i

R

P
� .

Stability refers to a process in which, after experiencing a shock, rent-to-price ratio returns
to its long-run equilibrium value. First, after experiencing a rent shock (a 5% increase in rent) at
period 10, how house price changes over the remaining 40 periods is analyzed. Therefore, after
experiencing a rent shock (a 5% increase in rent), house price should also increase 5% for

stability in rent-to-price ratio. Recalling � �1 1 /z k� � � from section 5.4, where k can be

interpreted the initial rent-to-price ratio (an equilibrium value of rent-to-price ratio) for this
analysis. Since 1 10.1, ( / 0.1).k z� � � � For different values of z

1
, 6 possibilities are expressed

to determine stability conditions in section 5.4. Here, 3 possibilities are analyzed because �
1
 is

defined between 0 and 1, (0 � �
1
 � 1, see Equation (9) for details).
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1. z
1
 < –1 or equivalently, �

1
 > 0.1: Figure 1 shows that when �

1
 is set to be equal to 0.11,

house price is found to be unstable. Explosive oscillations result.

2. z
1
 = –1 or equivalently, �

1
 = 0.1 : Figure 2 shows that when �

1
 is set to be equal to 0.1,

constant oscillations is observed and house price does not converge to any equilibrium
value.

3. –1 < z
1
 < 0 or equivalently, 0.1 > �

1
 > 0 : Figure 3 shows that when �

1
 is set to be equal

to 0.09, house price converges to 105,000, but only after alternative oscillations. House
price converges to 105,000 because after experiencing a 5% increase in rent, house
price should also increase 5% for rent-to-price ratio to return its long-run equilibrium
value, 0.1.

Second, after experiencing a price shock (a 5% increase in price) at period 10, how house
price changes over the remaining 40 periods is analyzed. For stability in rent-to-price ratio after
experiencing a price shock (a 5% increase in price), house price should decrease 5% in the
long-run.

1. z
1
 < –1 or equivalently, �

1
 > 0.1 : Figure 4 shows that when �

1
 is set to be equal to 0.11,

house price is found to be unstable. Explosive oscillations result.

2. z
1
 = –1 or equivalently, �

1
 = 0.1: Figure 5 shows that when �

1
 is set to be equal to 0.1,

constant oscillations is observed and house price does not converge to any equilibrium
value.

3. –1 < z
1
 < 0 or equivalently, 0.1 > �

1
 > 0 : Figure 6 shows that when �

1
 is set to be equal

to , house price converges to its previous value (before a price shock is experienced),
but only after alternative oscillations. House price converges to its previous value,
because after experiencing a 5% increase in price, house price should decrease 5% for
rent-to-price ratio to return its long-run equilibrium value, 0.1.

To sum up, these findings, which are reported in Figures 1-6, support the stability condition
derived in section 5.4 which is 0 < �

1
 < 0.1.

Analytically, it is straightforward to show the stability conditions of the model. However,
simulation of the model also shows how fast the model converges to the stable long-run
equilibrium for different values of �. Figure 3 and 7 show the results of simulations for �

1
 =

0.09 and �
1
 = 0.07, respectively. When �

1
 is set to be equal to 0.09, after experiencing a rent

shock (a 5% increase in rent) at period 10, house price converges to a long-run equilibrium in
40 periods. However, when �

1
 is set to be equal to 0.07, after experiencing a rent shock (a 5%

increase in rent) at period 10, house price converges to a long-run equilibrium in only 15 periods.

6. SIMILAR MODEL IN OTHER ASSET MARKETS - EMPHASIS ON STOCK
MARKET

The existing stock market literature looks more critically at issues such as the stability implications
of the basic capitalization model because stock prices are characterized by real time and are
adjusted instantaneously. Surprisingly, studies examining the stability issues in the housing
market literature are rare and limited.



54 Mustafa Hattapoglu and Indrit Hoxha

Figure 1: The Simulated Outcomes: Hypothetical Results

Note: Figure 1 shows that when �
1
 is set to be equal to 0.11, after experiencing a rent shock (a 5% increase in rent)

at period 10, house prices are found to be unstable. Explosive oscillations result.

Figure 2: The Simulated Outcomes: Hypothetical Results

Note: Figure 2 shows that when �
1
 is set to be equal to 0.1, after experiencing a rent shock (a 5% increase in rent)

at period 10, constant oscillations is observed and house price does not converge to any equilibrium value.
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Figure 3: The Simulated Outcomes: Hypothetical Results

Note: Figure 3 shows that when �
1
 is set to be equal to 0.09, after experiencing a rent shock (a 5% increase in rent)

at period 10, house price converges to 105,000, but only after alternative oscillations. House price converges
to 105,000 because after experiencing a 5% increase in rent, house price should also increase 5% for stability
in rent-to-price ratio. The simulated outcomes presented here is consistent with the stability condition 0 < �

1

< 0.1 which is derived in section 5.4.

Figure 4: The Simulated Outcomes: Hypothetical Results

Note: Figure 4 shows that when �
1
 is set to be equal to 0.11, after experiencing a price shock (a 5% increase in

price) at period 10, house prices are found to be unstable. Explosive oscillations result.
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Figure 5: The Simulated Outcomes: Hypothetical Results

Note: Figure 5 shows that when �
1
 is set to be equal to 0.1, after experiencing a price shock (a 5% increase in price)

at period 10, constant oscillations is observed and house price does not converge to any equilibrium value.

Figure 6: The Simulated Outcomes: Hypothetical Results

Note: Figure 6 shows that when �
1
 is set to be equal to 0.09, after experiencing a price shock (a 5% increase in

price) at period 10, house price converges to its previous value (before a price shock is experienced), but only
after alternative oscillations. House price converges to its previous value, 100,000 because after experiencing
a 5% increase in price, house price should decrease 5% for stability in rent-to-price ratio. The simulated
outcomes presented here is consistent with the stability condition 0 < �

1
 < 0.1 which is derived in section 5.4.
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Figure 7: The Simulated Outcomes: Hypothetical Results

Note: The simulation of the model shows how fast the model converges to the stable long-run equilibrium for
different values of �

n
. Figure 7 shows the results of simulations for �

1
 = 0.07. When �

1
 is set to be equal to

0.07, after experiencing a rent shock (a 5% increase in rent) at period 10, house price converges to a long-run
equilibrium in only 15 periods.On the other hand, Figure 3 shows the results of simulations for �

1
 = 0.09.

When �
1
 is set to be equal to 0.09, after experiencing a rent shock (a 5% increase in rent) at period 10, house

price converges to a long-run equilibrium in 40 periods.

The dividend-to-price ratio and price-to-earning ratio models in the stock market are used
to examine stability issues, and are similar to the model that is utilized in our paper. The similarities
can be addressed in the following way: implicit rent is defined as an amount a homeowner
would pay to rent a housing unit similar to his home, or would receive from renting his home to
a tenant. As such, implicit rent is an annual benefit return to the homeowner for owning her
home. This is very similar to a dividend which is an annual income (current flow) return to the
stockholder from owning a stock in the stock market. Therefore, the ratio of the implicit rent-to-
price is treated as the real estate equivalent of a dividend-to-price ratio for corporate equities.
However, some stocks do not provide dividends but accrue all earnings back into the business.
Thus, stock holders might very well expect the value of these firms to expand. In other words,
they expect gains for these stocks to mostly come in the form of capital appreciation, not
dividends12. In such cases, one can look at the price-to-earning ratio rather than dividend-to-
price ratio. In general, a high price-to-earning ratio suggests that investors are expecting higher
earnings growth in the future compared to companies with lower price-to-earning ratios. A low
rent-to-price ratio suggests that the return to housing capital is relatively low compared to other
assets that could be held, and thus is unlikely to persist. Home prices would have to fall in such
a case for the return to rise to a level comparable with returns on competing assets.
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6.1.1. Efficiency of Stock Market: Previous Research

Since transaction and information costs are small in the stock market relative to the real estate
market, this makes the stock market a center of interest when addressing market efficiency. The
basic idea underlying market efficiency is that competition will make the market price reflect
all available information. In another words, the efficient markets hypothesis (EMH) states that
prices of securities are free to change randomly, and that they reflect all available relevant
information. It is a key assumption in Fama’s (1965) definition of efficient markets that current
information is almost freely available to all participants13.

Campbell and Shiller (2001) examine the use of price-earnings ratios and dividend-price
ratios (which are similar to the ratio of the implicit rent-to-price ratio in the model) as forecasting
variables for the stock market. Using aggregate annual U.S. data from 1871 to 2000 and aggregate
quarterly data for twelve countries since 1970, they find that these ratios perform poorly in
forecasting any of these. Rather, the ratios appear to be primarily useful in forecasting future
stock price changes; this is contrary to the simple efficient-markets models14.

There are two categories of empirical problems with the concept of efficiency-empirical
anomalies and difficulties in testing the efficiency hypothesis. Empirical anomalies mean that
evidence exists which contradicts the market efficiency even in the case of developed markets.
DeBondt and Thaler (1985 and 1987) and Shiller (1981) present evidence that markets overreact
to information which in turn can cause stock market bubbles.

6.1.2. Potentiality of Stock Market Bubbles

A bubble can simply be explained as a situation in which stock prices rise above their true value
and will continue to do so until prices go into free-fall. According to Stiglitz (1990), if the
expectations of investors change in such a way that they believe they will be able to sell an asset
for a higher price than they had been expecting in the future then the current price of the asset will
rise. If the reason that the price is high today is only because investors believe that the selling price
will be high tomorrow-when “fundamental” factors do not seem to justify such a price-then a
bubble exists. This definition is also admissible for housing price bubble. In a similar way we
determined how expectations about house price appreciation can affect housing market bid prices
and whether this leads to potential unstable market conditions with price bubbles.

7. CONCLUSION

In this study we use the basic model of housing values which assumes a perfectly competitive
housing market that drives profits to zero. In other words, total costs of home ownership equal
gross housing rents, which implies that consumers should be indifferent to owning or renting a
house. Since the market relationship between house and rental prices is an important concept in
the analysis of housing markets, the basic model of housing values is used widely in the housing
literature.

Although previous studies use the model to investigate various issues in housing markets,
to the best of our knowledge appreciation expectations have not been incorporated into the
basic model of housing values. How appreciation expectations are formed is a potentially
important aspect of the model, and because appreciation expectations could be nearly as large
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as the rest of the terms in the model, it could be a significant element in the model. Moreover,
there appears to be no rigorous attempts to consider the issue of viability of the model in the
literature. In other words, the necessary and sufficient conditions under which the model can be
used to represent the housing markets properly have not been exploited.

In this paper, we have examined the basic model of housing values to investigate the formation
of households’ appreciation expectations. To do this, the necessary requirements for viability of
the model and the conditions required to produce stable long term equilibrium is demonstrated
mathematically. We find that for stable long-run equilibrium, the average weight of the influence
of the past price appreciation on appreciation expectations should be less than the rent-to-
expected price ratio. The stability conditions are then investigated by simulated outcomes. We
show that the conditions which produce stable long-run equilibrium with respect to mathematical
consistency are consistent with simulated outcomes. We find that when appreciation expectations
are higher than or equal to the rent-to-expected price ratio the housing prices are unstable
leading to housing bubbles.

Notes

1. This housing bubble which occurred nationwide, led to the crash of the financial markets not only in
U.S. but also worldwide.

2. The model assumes that consumers of housing should be indifferent between home owning and renting.

3. The sum of the all costs such as maintenance, repair etc. may not be exactly proportional to value, but
most authors make this assumption for convenience and ease of exposition.

4. This also makes a simplifying assumption that the cost of borrowing (ie. the mortgage rate) is equal to
the opportunity cost of capital (alternative investment rate for the consumer). This simplification does
have some impact upon this analysis because it makes Equation (3) independent upon the down payment.

5. “Inflation” means as the overall rise in prices (CPI) where as “appreciation” means the expected
increase in home values above inflation (real dollar appreciation).

6. See Turnovsky (1970), and Pesando (1975) for details.

7. See Carlson and Parkin (1975), Figlewski and Wachtel (1981) and Gramlich (1983) regarding how
inflationary expectations are formed.

8. g
e
 is constant over time since it is variable as a function of housing characteristics,

g
e
 = f(locational characteristics; structural characteristics). Alternatively,

f(locational characteristics; structural characteristics; g
ut
).

9. For instance if one expects to have higher dividends then one invests in those stocks.

10. Suppose µ stands for annualized percentage change (1 + µ)n = [(P
t
 – P

t–n
)/P

t–n
 + 1], It is approximated

(1 + µ)n � (1 + nµ) for 0 < µ <<1 then (1 + µ)n � (1 + nµ) = [(P
t
 – P

t–n
)/P

t–n
 + 1]. Following,

1
[( ) / ].t t n t nµ P P P

n � �� �

11. Using approximations for Equation (16), Equation (17) is obtained. For one period past price
appreciation (n = 1), Equation (16) will be equal to Equation (17). Therefore, the same results are
achieved with simulations.
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12. This study demonstrates that people form their expectations based on price appreciation not on rent
appreciation. This shows that price-to-earning ratios are more relevant than dividend-to-price ratio to
the basic housing model.

13. Fama (1965) defines an efficient market as “a market where there are large numbers of rational profit-
maximizes actively competing, with each trying to predict future market values of individual securities,
and where important current information is almost freely available to all participants…”.

14. They also use the model of dividend-price ratios in their 1988a and 1988b papers to examine time
variation in corporate stock prices relative to dividends. They propose a dividend-ratio model that
expresses the log dividend-price ratio as the rational expectation of the present value of the future
dividend growth rates and discount rates.
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