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This paper presents and ‘estimates a model of the resale housing market. The data are a 
cross-section of monthly time series obtained from the multiple-listing service for a suburb of San 
Diego. The model is specified and estimated as a dynamic multiple indicator multiple cause system 
of equations where the capitalization rate is taken to be an unobservable time series to be 
estimated jointly with the unknown parameters. These are estimated by maximum likelihood using 
an EM algorithm based upon Kalman filtering and smoothing. 

The specification of the model features hedonic equations for each house sale and a dynamic 
equation for the capitalization rate which is constrained to make the expectation of prices equal 
the present value of the net returns to home ownership whenever the economic variables stabilize 
at steady state values. Out of steady state, the capitalization rate slowly adapts to new information. 

The model attributes a large portion of housing price increases of the 1970’s to a fall in the 
capitalization rate which in turn was driven by rental inflation, tax rates and mortgage rates. 
Post-sample simulations indicate an initial flattening of housing inflation rates and later a fall 
brought on by the increase in steady state capitalization rates. In-sample simulations show that 
although both Proposition 13 and the inflation induced rise in the marginal income tax rates 
provided partial explanations for the fall in capitalization rates, the single most important factor 
was the acceleration in price of housing services which interacted with the tax treatment of home 
ownership to produce an amazing 18% average annual rate of price increase over the last seven 
years of the 1970’s. 

1. Introduction 

Over the last seven years of the 1970’s, the relative price of housing in the 
United States increased markedly. From January 1973 to January 1980, home 
ownership costs rose by over 105% while other consumer prices rose by only 
78%. In many areas of the country, Southern California in particular, this 
increase was even more pronounced. In the San Diego suburb we examine in 
this paper, the average price of a house sold in early 1980 was 275% higher 
than the average price of a house sold in early 1973. 

Neoclassical investment theory suggests that the asset price of a house is 
simply the capitalized value of its rental services. In the late seventies, much of 
the increase in housing prices was due to a fall in the rate implicitly used to 
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capitalize current rents rather than any to fundamental change in the demand 
or supply of housing services. For example, in suburban San Diego, standard- 
ized rental prices increased by only 60% between 1973 and 1980, far less than 
the 275% increase in average house sale price (unstandardized). Of course part 
of the increase in housing prices may reflect changes in the characteristics of a 
typical housing unit. But even after controlling for these changes, the price of a 
suburban San Diego house increased by roughly three times as much as its 
rental value. 

Various explanations have been given for the significant decrease in housing 
capitalization rates. Over the period in question two factors contributed to a 
decrease in the effective cost of capital, and thus in capitalization rates. First, 
the interaction of high inflation rates and the tax system, through the deduc- 
tion of interest payments, dramatically reduced after-tax real interest rates 
despite increases in nominal mortgage rates. Second, there was a widespread 
movement towards reductions in state and local property tax rates beginning 
with the passage of Proposition 13 in California. In Southern California these 
reductions lowered property tax rates by approximately 50%. 

Many have argued that while these factors have contributed to the rise in 
housing prices, they are not capable of explaining all of the actual increase. 
Another explanation that is frequently offered is that of a speculative boom or 
bubble. In this explanation prices rose merely because they were expected to 
rise. While such increase cannot be ruled out by economic theory, one would 
hope that they play a relatively unimportant role in the housing market. If 
price changes are caused by unexplainable bubbles or waves of optimism 
rather than more fundamental economic factors, then prices are not function- 
ing properly in their resource allocation role. The increase in housing prices 
induces capital to flow into the housing market when, from a welfare stand- 
point, it is more profitably employed elsewhere [see Blanchard and Watson 
(1982)]. 

In this paper we attempt to sort out the factors leading to the rise in housing 
prices by analyzing a high quality micro data set on 915 individual house sales 
over an go-month period from a relatively homogeneous suburb of San Diego. 
We construct a model of both the housing service and asset markets which 
allows us to measure the empirical importance of the factors discussed above. 
Differences in rental values across housing units during the same period are 
attributed to characteristics of the units much as in Grether and Mieszkowski 
(1974, 1980), or Ridker and Henning (1967) and others. Variations in sale 
prices over time are explained by asset market behavior and in particular by 
the capitalization of future rents and costs. 

Because our data set is essentially a time series of cross-sections with an 
important dynamic character, the model has important statistical aspects. The 
basic capitalization rate each month is treated as an unobserved component 
which is a determinant of the individual sales price, and which is in turn 
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determined by a set of factors, such as tax rates, mortgage rates, and the 
market clearing rental rate. Because of the fundamentally dynamic nature of 
the relationships, the model is called a Dynamic Multiple Indicator Multiple 
Cause model, a direct generalization of the MIMIC model of Goldberger and 
Joreskog (1977). The statistical techniques for this model were developed in 
Engle and Watson (1981) and Watson and Engle (1983). This paper, the first 
application of the DYMIMIC method to an empirical problem, demonstrates 
the power of this formulation for economic research and the ability of the 
computer software to analyze a problem of this magnitude. 

The paper is organized as follows. In section 2 we present the model, and 
section 3 briefly discusses the estimation technique. The data are discussed in 
section 4, and in section 5 we present the estimation results as well as the 
results of specification tests. In section 6 we evaluate the forecast performance 
of the model for 1980 and 1981, unquestionably the most difficult forecast 
period for housing in the post-war period. In section 7 we carry out some 
dynamic simulations to measure the relative importance of various factors in 
the housing price explosion of the 1970’s. Our results suggest that one need not 
appeal to bubbles to explain the price explosion. Rather the cause of the 
increase is well explained by market fundamentals. The most important cause 
of the price increases in the market was rental inflation which can be attributed 
to demographic shifts. The interaction of inflation, nominal interest rates, and 
tax policy is also found to be important. Less important was the effect of 
property tax changes brought about by Proposition 13. 

2. The model 

Housing is a hedonic good and the rental price of any individual unit must 
take into account this heterogeneity. The estimation of hedonic indices is a 
well-studied procedure initiated by Griliches (1961) and introduced into hous- 
ing economics by Ridker and Henning (1967). In more recent contributions 
such as Butler (1980), Linneman (1980) Kain and Quigley (1975), Grether and 
Mieszkowski (1974, 1980), Straszheim (1973, 1975), and many others, various 
issues in functional form, integration over markets, and estimation methods 
have been discusssed. The theoretical underpinnings of the model are described 
by Rosen (1974) who shows that the hedonic index is a synthesis of the 
demand and supply of heterogeneous goods where the index maps out the 
equilibrium set of attribute prices which clear the market. 

Few of these studies have observations at more than one point of time. 
Grether and Mieszkowski adjust for the fact that their data are not all at the 
same point by including an estimated time trend assumed to be the increase in 
land value. Ferguson and Wheaton (1980) explicitly estimate models of rates of 
change, but use only new construction and subtract out the rise in the land 
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value. Their measures are consequently more oriented toward construction 
costs than the prices or rentals of existing housing. 

Letting r,, be the log of the rental value of a unit i in time period t, and x,~ 
be the vector of characteristics of this unit, a typical semi-log specification of 
the hedonic index in one year would be 

When observed over several time periods presumably the index shifts upward 
due to shifts in the demand and possibly supply schedules underlying the 

index. A simple specification which allows such a shift employs a rental index 
rro which is the log of the rent of a standardized unit with fixed characteristics 
x0. The dynamic version of the hedonic index could be written as 

r;, = rp + (X;, - x0)/3 + E,,. (2) 

This specification assumes that the percentage markup of the rental price of a 
particular unit over the standard unit remains constant over the period. This is 
a testable restriction which, in this data set, can be accepted as is discussed in 
the empirical section. 

Because the sample of units used in this study are owner occupied houses, 
the implicit rentals rir are not observed. Instead, data on the log selling prices, 
pi, are used in the model. The relationship between the asset and rental price of 
a unit is the capitalization rate whose log will be denoted 8,. Thus 

pit = rjr - 19,. (3) 

Several studies [see Linneman (1980) and Butler (1980)] have estimated hedonic 
indices over both rental and owner occupied units by treating the capitalization 
rate as a fixed but unknown constant. While this may be appropriate in a 
cross-section, it seems unattractive in a time series. Economic models of the 
capitalization rate emphasize its dependence on expectations of future infla- 
tion, tax rates and interest rates. Indeed the discussion in the introduction 
suggests that a major part of the increase in housing prices can be attributed to 
decreases in the capitalization rate, rather than to rentals which more closely 
represent the tightness of the market for housing services. The same capitaliza- 
tion rate should apply to the standardized housing unit implying 

pp=rp-0 I’ (4) 

Although both 8, and p,? are unobservable, r,(’ is observed (possibly with error) 
as the BLS index of rental rates in San Diego. 
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To complete the model an equation is required for the capitalization rate. In 
a perfect foresight, zero transaction cost housing market, such an equation 
could be derived from the arbitrage condition that equates the price an 
investor or home owner would be willing to pay for a house to the presented 
discounted flow of net rental services from the house. In fact, the housing 
market satisfies few of the assumptions necessary for a perfect asset market. 
Houses are heterogeneous. Information is imperfect and costly to acquire. 
Transaction costs (commissions, moving costs, etc.) can be quite large. Any 
asset price behavior based on standard arbitrage conditions cannot be expected 
to hold at each moment of time. Rather these conditions are useful only in the 
constraints that they place on the long-run properties of the model. The 
approach taken in this paper is to treat the actual capitalization rate as a 
random variable that is constrained to follow an arbitrage condition in steady 
state while allowing a wide range of possible adjustment paths in the short run. 

Let 8* be the steady state capitalization rate which depends upon steady 
state rental inflation rates 77 *, mortgage rates (which also represent the pre-tax 
opportunity cost of capital) i *, and marginal income and property tax rates 7,* 
and r* 
whichpis 

respectively. Depreciation p is defined as the percent of the asset value 
required to maintain the quality of the unit constant over time. The 

cost of capital is taken to be i *(l - rY*) = c* although risk adjustment may 
also be appropriate. The costs of owning a unit at time t with value P, can 
therefore be expressed as 6P, = (p + ~~*(l - 7,,*))Pt where it is implicitly as- 
sumed that property taxes are a fixed proportion of property values. This 
assumption is appropriate in pre-Proposition 13 California, but not strictly so 
subsequently. However, if resale is a consideration, then the market value of 
the unit will reflect taxation at the new assessed value, hence the formulation 
may be appropriate in this regime as well. 

Given these definitions and assuming that in steady state there are no excess 
profits to be made, the price an investor would offer would just equate the 

discounted value of net revenues from the unit. In the steady state, the 
variables need no time subscripts and the horizon can be taken at infinity, 

where R, and P, are the rents and values at time t. Substituting the steady 
state relationships R,, , = (1 + m*)R,, e*P, = R,, (5) can be rewritten as 

l=[e*-sl,~o z ‘. 
i 1 

(6) 
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Solving for 6* = log 8* gives 

e* = log( c* - ?r* + S(1+ c*)) - log(1 + c*) 

= log[ i*(l - r;) - 7r*+(p+r__(l-r;))(l+i*(l-7y*))] 

-i*(l - 7;). (7) 

This expression differs only slightly from others such as Muth (1982) or the 
simple version in Summers (1981). 

Eq. (7) defines the steady state value of the capitalization rate as a function 
of the steady state values of interest rates, tax rates, and the rate of rental 
inflation. Any sensible model of the capitalization rate should imply this type 
of long-run behavior. The short-run behavior of the rate will depend on a 
variety of things including the way in which expectations of interest rates, 
rental values, and tax policy are formed. Transactions costs and the informa- 
tion structure of the market will also be important determinants of the 
short-run behavior of the capitalization rate. Short-run economic models 
emphasize these features to differing degrees depending on the focus of the 
model. While there is general agreement concerning the steady state properties 
of the capitalization rate there is no strong concensus concerning its short-run 
properties. We will take an agnostic and data based approach. 

First we construct a short-run approximation to the steady state capitaliza- 
tion rate which we denote by @,*. This variable is constructed by replacing the 
starred variables appearing in (7) with smoothed moving averages of their 
observed values. In steady state these moving averages become the starred 
values so that 0,* mimics the long-run behavior of 8*. Next we allow the 
actual capitalization rate to vary around 0,* in a flexible but stationary 
manner. The deviations of the rate, e,, from 0,* are brought about by the 
observed stationary variables (z - z*) and an unobserved stationary dis- 
turbance term. The actual specification that we employ is 

4 - et-1 =(i-~)(e,*-e,_,)+(t-z*)~Y+~,. (8) 

Here z* denotes the steady state value of z. In steady state, therefore, 8, will 
converge to e* as z converges to z* and the transient dynamics die out. 
Clearly more general specifications with the same long-run dynamics are 
possible. Our specification is parsimonious, and as we show in section 5, is not 
rejected by the data. 

Combining eqs. (l)-(4), (7) and (8) gives the model 

P,r = rp - e, + x,,p + & 11) (9) 
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where -x0/? has been included in the constant term of eq. (9). The unknown 
parameters are fi, $, y, ~1 and the variances. 

3. The estimation method 

The model presented above is a special case of the dynamic multiple-indica- 
tor multiple-cause (DYMIMIC) model discussed in Engle and Watson (1981). 
At the heart of the DYMIMIC model is a vector of unobserved factors which 
evolve over time. Part of the evolution of the factors is described by unobserv- 
able stochastic disturbances. These unobservable factors are used to describe 
part of the process generating a vector of observed variables, which are called 
‘indicators’ of the factors. The process generating the indicators may also 
include exogenous variables and disturbance terms. 

In the model presented in the last section the capitalization rate, 0,, is 
unobserved. Its evolution is described by eq. (lo), the causal equation, and 0,* 
and z,- z,? are its observable causes. The transaction prices, pZt, serve as 

indicators of the capitalization rate, and the set of equations in (9) are called 
indicator equations. 

The stochastic structure of the disturbance terms must be specified before 
estimation is discussed. We will assume that all disturbances are independently 
normally distributed with mean zero, that the disturbances in the indicator 
equations have constant variance u,‘, and that the disturbances in the causal 
equation have constant variance q. This assumption implies that E, is white 
noise and uncorrelated with disturbances in the indicator equation. 

With these assumptions maximum likelihood estimation is reasonably 
straightforward. The most obvious approach would be to recursively substitute 
the causal equation into the indicator equations. The resulting reduced form 
would express each transaction price as a function of the rental index, house 
characteristics, a complicated distributed lag of the causal variables, and a 
complicated disturbance term. The likelihood function could then be formed 
and maximized with respect to the unknown parameters. 

An easier method is available. Suppose, for a moment, that the capitalization 
rate were observed. Maximum likelihood estimates could then easily be calcu- 

lated by forming the appropriate sample moment matrices necessary for the 
multivariate regression problem [e.g., Theil (1971, ch. 7)]. Conversely, if the 
parameters of the model were known, then standard signal extraction tech- 
niques, as described in Whittle (1963) or Anderson and Moore (1979), could be 
used to estimate the capitalization rate and its variance. These could then be 
used to form the sample moment matrices of the data. Putting these two 
procedures together we have an algorithm. From an initial guess of the 
parameters we use a Kalman filter and smoother, a signal extraction procedure, 
to estimate the capitalization rate and its variance. Combining these with the 
observed data we form the appropriate moment matrices and obtain new 
parameter estimates using standard regression formulae. These new parameter 
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estimates are used to form new estimates of the capitalization rate, and the 
procedure is repeated until convergence. 

The algorithm is a special case of the EM algorithm described in Dempster, 
Laird and Rubin (1977). Their results show that the final parameter estimates 
satisfy the first-order conditions for maximization of the likelihood function. 
Details of the algorithm for the DYMIMIC model can be found in Watson 

and Engle (1983). 
When the final parameter estimates are obtained, the information matrix can 

be formed using the expression derived in Engle and Watson (1981). The 
smoothed estimates of the capitalization rate are also produced as a byproduct 
of the estimation procedure. Conditional on the parameter estimates these are 
minimum mean square error estimates. 

4. The data 

Housing prices and specific characteristic data are from single-family homes 
resold in University City, a suburb of San Diego. They were compiled from 
multiple listings supplied by the San Diego Board of Realtors. The multiple- 
listing data are unique in that they include most of the characteristics of a 
house that may be of interest to a potential buyer, as well as sale price, sale 
date, and market time. A menu of variables available from the multiple listings 
is shown in table 1. 

Data were collected on a monthly basis from July 1973 to March 1980. 
These are close-of-escrow dates and we make the assumption that the transac- 
tion occurred one month prior to this data. After editing the data, 915 
observations were available.’ Unfortunately, some of the older multiple listings 
were missing and, therefore, we are missing data for five months, December 
1974, February 1975 and October through December 1977. In addition, we had 
data on only one transaction in January 1975. Average selling price over the 
period is shown in fig. 1. 

The rental data were constructed from the rental component of the San 
Diego Consumer Price Index. This was published quarterly until 1978 and 
every two months thereafter. We interpolated the data to get a monthly series.* 

‘A referee has pointed out that our results may be subject to a sample selection bias. It could be 
argued that ‘lemons’ - houses with undesirable unmeasured characteristics - are placed on the 
market more frequently than ‘non-lemons’. This suggests that our sample of 915 housing sales 
includes a disproportionate number of ‘lemons’. To the extent that these unmeasured characteris- 
tics are correlated with x, our coefficients in the indicator equation will be biased. If this bias is 
important then our model must be viewed as a description of the dynamic behavior of the market 
price of houses (i.e., prices of housing that appeared on the market) rather than the value of 
housing (i.e., the implicit price of all housing). 

‘More elaborate interpolation methods [e.g., Ansley and Kohn (1983) or Harvey and Pierse 
(1984)] could have been used. In section 5 we present the results of a test for measurement error in 
our rental index. Our failure to reject the null hypothesis of no measurement error suggests that 
our simple interpolation scheme was adequate for our purposes. 
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Table 1 

Menu of variables from multiple listings. 

Financial Variables 

Listing price 
Selling price 
Type of loan acquired by buyer 
Type and amount of loan of seller 
Property taxes before sale 
Real estate commission 

Contrnuous Variables 

Number of bedrooms 
Number of baths 

Age 
Lot size 
Square feet of living area 
Room sizes 
Distance to bus 
Distance to shopping 

Dummy Variables 

Pool 
Wall-to-wall carpeting 
Drapes 
Patio 
Covered patio 
Enclosed patio 
Laundry room 
Laundry area 

220V to property 
Sprinklers 
Paved street 
Yard access for boat or RV 
Dishwasher 
View 
Type of construction 
Zoning 
Type of garage 
Type of heating 
Type of air conditioning 
Type of TV antenna 
Type of sewer service 
Type of fencing 
Type of built-ins 
Condition - excellent, good, 

fair or poor 
Fireplace 
Type of flooring 

State and federal marginal tax rates were supplied by the Internal Revenue 
Service and the California Franchise Tax Board. We calculated the tax rates, 
based on average family income and family size, taken from a model of the 
San Diego economy maintained by Criterion West. Finally, property tax rates 
were supplied by the San Diego Assessor’s Office, and mortgage rates were 
from the Federal Home Loan Bank Board’s survey of mortgage rates on 80% 
commercial loans for the Los Angeles area. 

The use of a market-wide rental index can be criticized on several grounds. 
Rents in University City may be different from market-wide rents. Further- 
more, most, if not all of our data are from owner occupied housing, and the 
value of housing services in owner occupied units may be different from the 
value in non-owner occupied housing. Both of these suggest errors-in-variables 
problems. We can,,however, test for these problems. Note that a measurement 
error in the rental index at time t will be common in all of the indicator 
equations at time t. This implies that there are two common unobservables in 
the indicator equations: the capitalization rate and the rental index measure- 
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Fig. 1. Average selling price. 

ment error. Testing for the presence of a second unobservable is a test for 
measurement error. This test is carried out in the next section. 

The variables entering the underlying capitalization rate were formed as 

follows: 

i: = (l/12) zJj,ouii,-j, 

where a, = (6 - i)/21, so that the weights decline in a linear fashion, rr is the 
annual percent change in the rental index, and i, is the annual mortgage rate. 
The variables r,* and r,* were formed as centered 12-month moving averages 
of the tax rates‘ described above. 

5. Estimation results 

After some experimentation with the variables presented in table 
following characteristics were chosen for use in the indicator equation: 

BA Bathrooms per square foot, 

AGE Age of house in years, 

1, the 
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Table 2 

Estimates of the causal equationsa 

Model 1 Model 2 Model 3 

0.963 (0.034) 0.957 (0.040) 0.955 (0.038) 
0.037 0.043 0.045 

-0.180 (1.029) 
0.207 (1.054) 0.057 (0.490) 
0.267 (0.963) 

~ 1.342 (0.942) - 1.112 (0.509) 
6.81 (1.92) 7.79 (2.11) 7.85 (1.96) 
2.10 (0.93) 2.07 (0.92) 2.04 (0.92) 

1832.34 1834.93 1834.35 

“Standard errors are in parentheses. 

AGE2 Age squared, 

NOTX Condition of house was not excellent, 

LOT Lot size in square feet, 

NR Number of rooms, 

NR2 Number of rooms squared, 

ARS Average room size in square feet, 

ARS2 Average room size squared, 

3CG Dummy variable for three-car garage, 

SHT Dummy variable for shake or tile roof, 

VU Dummy variable for view, 

CVG Dummy variable for converted garage, 

VIN Dummy variable for vintage which takes on the value 1, if 
house was built after 1970, 

PL Dummy variable for pool. 

Since all of the sample data were chosen from the same neighborhood, we 
were able to disregard any neighborhood characteristics which are typically 
used in similar studies, e.g., Grether and Mieszkowski (1974, 1980) or Ridker 
and Henning (1967). 

The model presented in section 2 assumed that the coefficients on these 
individual house characteristics were constant over the sample period. Before 
estimating the complete DYMIMIC model this assumption was tested using a 
fixed effects model. This model assumes that the capitalization is a fixed 
unknown constant for each time period, and is easily estimated using a set of 
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Table 3 

Model 3 indicator equations. 

Variable Coefficient” Scale 

CONST - 0.850 
BA 0.729 
AGE -0.121 
AGE2 0.361 
NOTX - 0.693 
LOT 0.783 
LOT2 -0.132 
NR 0.334 
NR2 
AR.9 
ARS2 
3CG 
SHT 
VU 
CVG 
VINT 
PO0 

2 
% 

- 0.192 
0.404 

- 0.296 
0.672 (0.157j 
0.410 (0.063) 
0.884 

- 0.989 
- 0.367 

0.587 
0.021 

(0.210) 
(0.168) 
(0.031) 
(0.131) 
(0.108) 
(0.198) 
(0.062) 
(0.025) 
(0.023) 
(0.048) 
(0.067) 

(0.621 j 
(0.187) 
(0.102) 
(0.091) 
(0.030) 

x 102 
x10-’ 
x10-’ 
x10-l 
xloms 
x10m9 

x10-1 
x10-2 
x10-s 
x10-l 
x10-1 
x10-2 
x10-’ 
x10-1 
x10-1 
x 10-2 

“Standard errors are in parentheses. 

time specific dummy variables. The indicator equations were estimated over 
the entire sample period; the sample was then split and the usual Chow test 
carried out. The resulting F-statistic was 0.62 which can be compared to the 
5% critical value of 1.65. The assumption of constant’coefficients appears to be 
a reasonable one. The complete results for this fixed effect model are not 
reported here, but can be found in Engle, Lilien and Watson (1981). 

The results for various specifications of the DYMIMIC causal equations are 
reported in table 2, and table 3 presents the estimated indicator equations for 
model 3. (The results for other models are very similar and are not reported.) 
The results seem sensible. The capitalization rate adjusts reasonably slowly to a 
change in the underlying rate. For model 1 half of the adjustment occurs in 
eighteen months, while for model 3 the figure is fifteen months. Increases in 
mortgage rates, apart from their effect through et*, tend to increase the 
capitalization rate, but this effect is small and statistically insignificant. On the 
other hand, models 2 and 3 suggest that increases in inflation have a negative 
and (in model 3) a statistically significant effect on the capitalization rate. The 
point estimates of the maintenance and depreciation rate correspond to annual 
rates between 8% (model 1) and 9.5% (model 3). These appear to be rather 
high, but their standard errors suggest that these estimates are far from precise. 
Surprisingly, they are close to the figures allowed by the 1981 Tax Reform Act. 

Turning now to the indicator equation presented in table 3, all of the 
coefficients are significantly different from zero, with the exception of 
the coefficient on VU, which has a ‘f-statistic’ of 1.4. The fit is reasonably good; 
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the estimated standard deviation of eit is approximately 8%. The quadratic 

terms indicate that there are decreasing returns to house size, lot size, and 
number of rooms. The negative coefficient for the coefficient on CVG indicates 
that a room from a converted garage is worth less than a standard room. The 
negative sign on VIA’ indicates that people prefer older homes, once deprecia- 
tion is taken into account. Both SHT and 3CG are measures of the quality of 
the home and their coefficients are both significantly positive. The estimates 
imply that a pool adds about 6% to the value of a home. This result seems at 
odds with assessment practices. Assessors typically add very little to their 
estimated value of a home for a pool. 

Using model 3 as the null hypothesis some of the assumptions underlying 
the model were tested. All of the models presented in table 2 impose the 

constraint that the coefficients on 0,_, and 0,* sum to one. Relaxing this 

constraint produced very similar point estimates and a likelihood ratio statistic 
of 1.30, well below the critical value for a X:, random variable. 

Model 3 was also estimated allowing for a second unobservable factor, 
assumed to follow AR(l) process. This is a very general specification test for 
the model under consideration. As mentioned in the previous section this 
second unobservable could represent [AR(l)] measurement error in our rental 
index. The absence of the second unobservable implies that measurement error 
is not a significant problem. A test for a second unobservable is also a direct 

test for the presence of a ‘speculative bubble’. A discussion of bubbles and 
associated empirical tests can be found in Flood and Garber (1980) Blanchard 
and Watson (1982), and Burmeister and Wall (1983). In this interpretation the 
capitalization rate and rental index determine the ‘fundamental price’ and the 
second unobservable determines the bubble component. If a rational bubble is 
present we expect the AR coefficient to be larger than one. The absence of the 
second unobservable implies the absence of a rational speculative bubble. 
(Burmeister and Wall carry out a test much like this in their investigation of 
bubbles and the German hyperinflation.) Finally this test is quite useful in 
detecting misspecified dynamics in the equation for the capitalization rate. Any 
r&specification in that equation should leave some serial correlation in the 
data that the second unobservable will ‘mop up’. The likelihood ratio statistic 
for the presence of the second factor is 1.02. 

A few technical points should be made about this test statistic. Two 
additional parameters were estimated in the model allowing measurement 

error: the autoregressive parameter and the variance of the disturbance term. 
Testing for the absence of a second unobservable involves testing whether the 
variance of its disturbance terms is zero. The fact that the variance is 
non-negative suggests that a one-tailed test should be used. If the autoregres- 
sive parameter were known the correct test would be the square root of the 
likelihood ratio statistic which would be distributed as a standard normal 
random variable truncated from below at zero. [See, for example, Gourieroux, 



320 R.F. Engle et al., Housing price determmation model 

Holly and Monfort (1980).] Indeed, under the null this would be the asymp- 
totic distribution of the square root of the likelihood ratio statistic for any 
arbitrary value of the autoregressive parameter. As Davies (1977) has shown 

the square of the likelihood statistic, with an estimated autoregressive parame- 
ter, is distributed under the null, as the maximum of a sequence of truncated 
standard normal random variables. [This problem is discussed in detail in 
Watson and Engle (1984).] Clearly, the critical value for the maximum of a set 
of standard normal variables is greater than the critical value for a single 

standard normal. Since (1.02); is below the critical value for a standard 
normal, we find no significant evidence in favor of a second unobserved 
component. This finding adds further support for our model. It implies that 
there is no significant evidence of measurement error or of misspecified 
dynamics in the equation for the capitalization rate. It also implies that there is 
no significant evidence for the presence of a speculative bubble. This rejection 
of the presence of a speculative bubble is of particular importance since it 
implies that prices are performing their proper role as signals in the compe- 
titive market. 

Fig. 2 shows our estimates of monthly capitalization rates, 0, (= exp 0,) and 
G;C (= exp fl,*), calculated from model 3. 0, decreased substantially over the 
sample period, decreasing from 1.34% to 0.63%. Our rental index, on the other 

1sor 

1.30 - 

s 

.- ; 1.10 - 

ti 
a 
F 
j&j 0.90 - 

b 
a 

0.70 - 

0.50 1 I 1 I 1 1 I I 1 I 

1973 1974 1975 1976 1977 1978 1979 1980 1981 

Within Sample +I+ Out of Sample 

Fig. 2. Capitalization rate. 
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hand, increased only 60% over the sample period. Combining the capitalization 
rate and the rental index we can compute an index of housing values. This 
index increased 235% over the sample period. Clearly, a large fraction of this 
increase was due to the fall in the capitalization rate. 

6. Forecast performance 

The end of the sample period was March 1980 and occurred just as 
mortgage interest rates broke through 13% on their way to over 18%. Such a 
substantial rise in the cost of funds would normally be expected to have a 
disasterous effect on the housing market. If these rates are viewed as temporary 
as opposed to ‘steady state’, however, then sellers may refuse to reduce their 
asking prices and the main effect will be a decrease in transactions. It is exactly 

this difference between steady state capitalization rates and short-run changes 
which are modeled by the causal equation (10). Thus it is of interest to see 

whether, faced with the independent variables from 1980 to 1981, the model 
predicts a substantial fall in property values. 

The model was simulated for 16 months ending in July 1981. Over the year 
and a half from January 1980 to July 1981, rental rates increased at an annual 
rate of 7% while interest rates rose from 13% to 16.75%, an increase of 29%. 
The steady state capitalization rate increased over 60% from 0.57% to 0.93%. 
However, the estimated capitalization rate increased far less, to only 15% 
above the January figure and the estimated price fell only very slightly, to 99%. 
Within this period, prices peaked in April and then fell back to just below the 
January level. The Kalman filter also calculates a standard error for the 
forecast the rate of change of housing prices. This is simply the standard error 
of the forecast of the log capitalization rate conditional on all the estimated 
parameters. In July 1981 this was 4.3%. The fact that the steady state 
capitalization rate was so far below the current rate, suggested that the market 
would be likely to fall further as the adjustment took place. This was confirmed 
by a further simulation through November 1981. Faced with further interest 
rate bad news, the steady state capitalization rate increased to over twice its 
January 1980 value while prices fell to 91%. The simulated capitalization rates 
are also plotted in fig. 2. 

One must wonder what the actual housing market performance was like over 
this period. Directly comparable data are not available as the model is 
predicting price changes of a standardized unit. Furthermore, the extensive use 
of ‘creative financing’ whereby the seller holds substantial paper at below 
market interest rates, means that selling prices overstate the actual values. 
Nevertheless, average selling prices of all residential units in this area were 
obtained for this period. As each observation corresponded to a rather small 
number of sales, symmetric five-month averages were used to obtain more 
accurate estimates of the relevant selling prices. As before, it was assumed that 
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a sale occurred one month before it was recorded. Taking January 1980 as a 
base, there was a decline of 1% by January 1981 although it had increased by 

7% in the intervening July. By July 1981, there was a net increase of 13% but 
by November prices had fallen again. The July 1981 figure of 13% increase is 
compared with the model prediction of a 1% decline, with a 4.3% standard 
error. While these are significantly different by conventional criteria and 
assuming correctly measured prices, the model performance seems quite good 
in switching from a growth rate of over 20% per year over the sample period, 
to a flat or slightly declining set of prices in the forecast period. It provides a 
sensible compromise between the sharp fall to be predicted by static economic 
analysis and a smooth continuation of past trends. 

7. Simulation results 

The large fall in the capitalization rate can be attributed to a number of 
changes that occurred over the sample period. An increase in the rate of 
inflation, progressive nominal marginal tax rates and the deductability 
of interest and property tax payments worked together to lower the flow cost 
of homeownership per dollar of asset value. Proposition 13, enacted in 1978, 
reduced property tax rates by roughly 50% further reducing the flow cost of 
homeownership. San Diego changed from a slowly growing city (brought about 
by reduced military spending in the early 70’s) to a rapidly growing city 
(brought about through the growth of ‘high-tech’ industry). This rapid growth 
increased the demand for housing services increasing the rate of rental inflation 
from 2% below the national average at the beginning of the sample to nearly 
2% above the national average at the end of the sample. This acceleration in 
rental value directly increased housing values, while at the same time increas- 
ing expected capital gain from homeownership. This expected capital gain 
lowered the net real cost of homeownership. 

To judge the relative importance of these factors we have simulated the 
causal equation from our model over the sample period using different realiza- 
tions of the weakly exogenous variables. While we believe that these simula- 
tions are useful and suggestive, they should be interpreted with caution. Our 
causal equation describes the dynamic adjustment of 0 to 13*. There is no 
reason to believe that this adjustment process will remain unchanged when the 
processes generating the exogenous variables change. Put another way, our 
simulations are subject to the well known Lucas critique. Also, we have not 
considered feedback between the capitalization rate and our weakly exogenous 
variables. There is every reason to suspect that some feedback exists. A 
decrease in marginal tax rates, for example, will increase the capitalization rate 
and decrease house prices. This decrease in prices reduces residential construc- 
tion, modifying the stock of housing at some future date. This change in the 
housing stock causes a change in rental values. While our simulations do not 
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Table 4 

Simulation results. 

Simulation” W,Xb @&Yb 8 Sw3b 

0 1.2% 0.6% 0.6% 

1 1.2% 0.6% 0.6% 
2 1.2% 1.2% 1.2% 
3 1.2% 0.6% 0.7% 
4 1.0% 0.8% 0.8% 

5 1.2% 0.7% 0.7% 

6 1.3% 0.9% 0.8% 
7 1.3% 0.9% 0.9% 

8 1.4% 0.9% 0.9% 

.d 
P 

19% 
19% 

7% 
17% 
10% 
16% 
12% 
12% 
13% 

18% 
17% 

7% 
16% 

9% 
15% 
13% 
13% 
14% 

Yiimulation explanation: 
0 = fitted values of 8, given all the data, 
1 = dynamic simulation of 9, for base case, 
2 = 0* fixed at b’& for entire period, 
3 = no Proposition 13, 
4 = rental inflation rate set at U.S. rental inflation rate, 
5 = marginal tax rate set at 26%. 
6 = real interest payment deductions, 
7 = marginal tax rate set at 26% with real interest payment deductions, 
8 = no interest payment deductions. 

bCapitalization rates are in monthly rent/price. 
‘Annual rate of inflation over 80 months assuming steady state throughout 
“Annual rate of inflation over 80-month sample period assuming initial value is in steady state. 

For simulation 0, this can be estimated as well, consequently the estimated growth rate appear 
slightly different. 

consider this type of feedback they do give some rough idea of the relative 
importance of factors which caused changes in the capitalization rate and 
prices. 

Table 4 presents the simulations. All begin in 1973’6 and end in 1980’3 and 
are therefore within sample simulations. For each simulation several statistics 
are presented for the initial and final periods. The calculated value of the 
steady state capitalization rate 8* (= e**) and the estimated value of 8 are 
given. These imply log prices of standardized units in or out of steady state 
according to the following definitions: 

p, = r, - e I, 

p: = r, - f3,*, 

(11) 

(12) 

and average annual housing inflation rates @ and i)*, respectively. 
When historical values of all the weakly exogenous variables are used, two 

different estimates of 0, in (11) are reported. In simulation 0, the ‘smoothed’ 
estimate is reported which gives the best estimate using all the data on the 
individual P,~, both past and future. The alternative estimate in simulation (1) 
does not use any information on the pi, and is calculated simply by a dynamic 
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simulation of eq. (10). For historical input, one might expect the former to 
perform much better than the latter because the dependent variables would 
keep the simulation ‘on track’ much the way one-period-ahead forecasts are 
usually much more reliable than full dynamic simulations in standard econo- 
metric analysis. In this case, the estimated 0’s are quite similar, giving further 

support to the model’s specification. The estimated growth rates of prices do 
differ slightly due to the inability of the dynamic simulation to estimate the 
initial price level. For simulations 1-8, these are taken to be same as the steady 
state and therefore 1 is the base case for comparison. 

The remaining simulations are counter-factual and therefore can only be 
calculated as a dynamic simulation. Simulation 2 fixes 8* at its first-period 
value over the entire sample. Any increase in prices is entirely caused by the 
increase in rental values. Comparing simulations 1 and 2 we see that a large 
fraction of the actual increase in prices is attributable to the decrease in 8. The 
effect of Proposition 13 is shown in simulation 3, which fixes the property tax 
rate for 1978-1980 at its pre-Proposition 13 level. End-of-sample housing 
prices are 18% lower than in simulation 1, and the steady state value is 33% 
lower. The average annual steady state growth rate is 17% rather than 19% in 
the base case. 

To measure the impact of demographic shifts the model was simulated 
allowing the San Diego rental index to increase at the same rate as the U.S. 
rental index. This has two effects. First, the value of the rental index is 
different in every period except the first, so that there is a direct effect on 
prices. Second, rental inflation and expectations of future rental inflation affect 
expectations of capital gains and hence the capitalization rate. The results are 
shown in simulation 4. The initial capitalization rate is lower and the initial 
price is higher because of the relatively higher rate of rental inflation in the 
U.S. at the beginning of the period. Conversely, the final-period P is consider- 
ably lower because of the relatively lower rate of rental inflation at the end of 
the period in the U.S. This gives an annual average rate of price increase of 
only 9% or roughly half of the actual rate of price increase. 

The interaction of inflation and the tax system is investigated in simulations 
5-8. Changes in the rate of inflation in concert with the tax system have two 
effects on the capitalization rate. First, an increase in inflation together with 
progressive nominal marginal tax rates leads to an increase in real marginal tax 
rates. Since interest and property tax payments are tax deductible, this causes a 
decrease in the flow cost of homeownership (per dollar of asset value) and a 
decrease in the capitalization rate. Second, since tax laws allow the deduction 
of nominal interest payments, an increase in the nominal rate of interest 
brought about by an increase in inflation leads to a decrease in the after-tax 
real rate of interest. Thus the capitalization rate agains falls. 

Simulation 5 looks at the first of these effects. For this simulation, we have 
fixed marginal tax rates at their 1973 level of 26%. This leads to a small 
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increase in the final period 8 and a larger decrease in 8*. Simulation 6 uses 
actual tax rates, but allows only the deduction of real interest payments, while 
simulation 7 fixes marginal tax rates at 26% and allows only the deduction of 
real interest payments. Finally, simulation 8 presents results assuming no 
deductions for interest payments. The three simulations limiting interest de- 
ductability imply substantially lower rates of housing price increases, regard- 
less of the exact tax assumptions. 

These simulations suggest two primary causes of the rapid increase in 
housing prices over our sample. The first was demographic shifts which 
significantly accelerated the rate of rental inflation. The second was the 
interaction of this inflation and the tax system. Proposition 13 appears to have 
played a less important role. 

8. Conclusions 

In this paper, we have presented and estimated a model of the resale housing 
market. The data were a cross-section of time series obtained from the 
multiple-listing service for a suburb of San Diego. The model was specified and 
estimated as a dynamic multiple-indicator multiple-cause system of equations 
where the capitalization rate was taken to be an unobservable time series to be 
estimated jointly with the unknown parameters. These were estimated by 
maximum likelihood using an EM algorithm based upon Kalman filtering and 

smoothing. 
The specification of the model featured hedonic equations for each house 

sale which standardized the units, and a dynamic equation for the capitali- 
zation rate. This equation forced the capitalization rate to stabilize at a ‘steady 
state’ rate if all the economic variables stabilized at constant levels and rates. 
The adjustment to this rate was gradual and allowed shocks to the system to 
only slowly affect the capitalization rate. Presumably, transaction costs and 
heterogeneous expectations allow this market to function out of steady state 
but these factors disappear when the economic situation stabilizes. 

When the model is used to forecast housing behavior for the first two years 
of the 1980’s, these factors become very important. The high interest rates 
increase the steady state capitalization rate dramatically, however, the esti- 
mated rate rises only slowly and prices are predicted to rise slightly and then 
decline. These predictions were supported by market experience. 

Simulations are employed to sort out the fundamental causes of the housing 
price inflation assuming the model to be correctly specified. The overall 
conclusion is that although both Proposition 13 and the inflation induced rise 
in marginal income tax rates provided partial explanations, the single most 
important factor was the demographically driven acceleration in the cost of 
housing services which interacted with the tax treatment of homeownership to 
produce the amazing 18% average annual rate of increase. 
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