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I. INTRODUCTION 

The housing and mortgage markets have long been considered to be markets 
that may not always be in equilibrium, and many econometric models of the 
housing and mortgage markets have tried in one way or another to account for 
disequilibrium effects. In this paper a critique of previous models of the housing 
and mortgage markets is made. The main argument of the paper is that dis- 
equilibrium effects have not been accounted for in an adequate way in most 
models. A related argument of the paper is that many models have not captured 
in an adequate way the interaction between the housing and mortgage markets. 

In Section II a general model of the housing and mortgage markets, based on 
the model in [ 5, Chapter 81, is outlined, and then in Section III previous models 
of the housing and mortgage markets are amdyzed within the framework of the 
model outlined in Section II. Section IV concludes with suggestions for future 
research. It should be noted that while representative models were chosen for 
review in Section III, the list of models reviewed is by no means exhaustive. 
Tbii paper is not meant to be a survey of the literature on housing and mortgage 
models, but is merely meant to be a critique of models with respect to the 
specification of disequilibrium effects and with respect to the specification of 
the interaction between the housing and mortgage markets.l Also, the critical 
tone of the paper regarding these two issues should not be interpreted as a 
degradation of the significant progress that has been made in the past two 
decades in understanding the workings of the housing and mortgage markets. 

II. AN OUTLINE OF A MODEL OF THE HOUSING AND MORTGAGE MARKETS 
There are three basic groups of participants in the housing and mortgage 

markets: people who demand housing services and the funds to finance housing 
purchases, people who build new houses and remodel existing houses, and 
people who supply the funds to finance housing purchases. 

The specification of the factors that influence the demand for housing services 
is fairly straightforward. The theory of coasumer behavior indicates that the 
demand for a good or service should be a function of income and of the price of 
the good or service relative to all other prices. Per capita demand for housing 
services should thus be a function of per capita income and of the price of 
housing services relative to other prices. Demographic factors, such as the age 

* Assistant Professor of Economics, Princetan University. I am indebted to Paul N. Courmt for a 
survey of previous housing and mortgage models and far many helpful suggesticm and comments 
tbroughaut the mume af this study. 

1. See Grebler and Ma&l f81 for a survey of the literature up to about 1960. The models dis- 
cmscd in this paper aU postdate the Grebler and Mais4 survey. See Fromm [71 for a tabulation 
of wme of the mire rrcmt models. 
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distribution of the population, should also have some effect on the per capita 
demand for housing services. For people who own their own home, the price 
of housing services depends not only on the price of the house, but also on the 
cost of borrowing the funds to finance the purchase of the house and on ex- 
penses for taxes and maintenance. 

The specification of the factors that influence the supply of housing services 
is more complicated. Given the institutional framework in the United States, 
the supply of funds to finance housing purchases comes primarily from Savings 
and Loan Associations @LAS) and Mutual Savings Banks (MSBs), with Life 
Insurance Companies and Commercial Banks playing a somewhat smaller 
role. Because of the various restrictions placed on SLAs and MSBs, mortgages 
and other kinds of long-term debt instruments are not likely to be perfect 
substitutes, and so the supply of mortgage funds should depend in part on the 
size of the deposits of SLAs and MSBs. The larger is the size of the deposits 
of SLAs and MSBs, other things being equal, the larger is the supply of mort- 
gage funds likely to be. Since there is likely to be at least some substitution in 
the aggregate between mortgages and other long-term debt instruments, the 
supply of mortgage funds should also be a function of the mortgage rate rela- 
tive to the rates on competing instruments. 

The supply side of the housing market also includes the construction sector, 
and this sector is perhaps the most difficult to analyze. A builder’s decision on 
whether to build a house (or set of houses) should depend, among other 
things, on the expected selling price of the house relative to the expected cost 
of building the house. For many builders, the decision may also depend on the 
expected profitability of residential construction relative to the expected profit- 
ability of non-residential construction. Most home builders finance the building 
of houses by short-term borrowings from Commercial Banks, and so part of the 
cost of building a house is the cost of short-term credit. Other costs include 
material and labor costs. What makes the construction sector difficult to 
analyze is the dependence of builders’ decisions on expectations. The expected 
profitability of building a house is a function of the (subjective) probabilities 
of being able to sell the house at various prices, and it is difficult to determine 
empirically the factors that influence these probabilities. In the short run 
builders may overbuild in the sense that they end up having to sell houses at a 
loss. 

If the housing and mortgage markets were always in equilibrium, the price of 
housing services would clear the housing market and the mortgage rate would 
clear the mortgage market2 Equilibrium in the housing market would corre- 
spond to a positive number of vacancies, the number being the amount needed 
to meet the normal requirements of market turnover. In the short run the 
markets may not always be in equilibrium, however, and if disequilibrium does 
exist, au attempt has to be made to specify how the actual quantity of housing 
services and the actual quantity of mortgages get determined. One plausible 

2. The expression “mortgage rate” is used here to refer to the total cost of mortgage credit. If 
various fees are charged when a mortgage is taken out, these fees are considered to be part of the 
mortgage ate. 
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assumption to make when a market is not in equilibrium is that the observed 
quantity traded in the market is equal to the nzinimum of the quantity demanded 
and the quantity supplied. If the quantity demanded is greater than the quan- 
tity supplied, demanders are likely to go unsatisfied, and if the quantity sup- 
plied is greater than the quantity demanded, suppliers are likely to go unsatis- 
fied. In the case of the housing and mortgage markets, however, the situation 
is somewhat more complicated than a simple analysis of supply and demand 
schedules would indicate because of the fixed supply of houses in the short run 
and because of the interaction behveen the two markets. 

At any one time there is a certain number of houses either occupied or vacant 
and available for occupancy and a certain number of houses under construc- 
tion? The supply of houses at any one time is thus fixed. If at the existing set 
of prices the quantity of houses demanded is equal to the available supply less 
the normal level of vacancies, then the housing market is in equilibrium; other- 
wise not. If the quantity demanded is greater than the available supply less the 
normal level of vacancies, then the actual level of vacancies will be less than 
normal and there may be people who would like to buy or rent houses at the 
available prices who cannot find any. This situation should over time cause 
prices to rise and builders to build more houses than they otherwise would to 
meet the normal growth of housing needs caused by removals and population 
growth. If the quantity demanded is smaller than the available supply less the 
normal level of vacancies, then the actual level of vacancies will be greater than 
normal and there may be people who would like to sell their houses at the 
available prices who cannot find anyone to buy them. This situation should over 
time cause prices to fall and builders to build fewer houses than they other- 
wise would. How quickly the housing market moves toward equilibrium will 
depend, among other things, on how quickly builders respond to disequilibrium 
situations. As mentioned above, builders may in fact overrespond in the short 
run and build houses that they end up having to sell at a loss. 

Consideration must now be given to how the financial sector affects the hous- 
ing market. Since the cost of mortgage credit (the mortgage rate) is part of the 
price of housing services, the mortgage rate is one of the factors that influence 
the demand for housing services. In addition, as mentioned above, the cost of 
short-term credit is one of the factors that influence the supply of housing 
services. If the housing and financial markets are not always in equilibrium, 
then the financial markets may also have an effect on the housing market other 
than through the efiects of the mortgage rate and the short-term rate. During 
periods of tight money when the deposits of SLAs and MSBs and perhaps other 
financial intermediaries are decreasing or increasing less than normal, the 
mortgage rate may not rise enough to clear the mortgage market. In this 
case, new mortgage credit must be rationed, which means that the mortgage 
market will not be in equilibrium. In the present institutional framework in 
the United States, the rationing effect from the mortgage market to the housing 
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market is likely to show up in large part in the form of financial intermediiries 
not granting as many mortgage commitments to builders as the builders would 
like. Home builders generally need a mortgage commitment from a financial 
intermediary before they can get short-term loans from Commercial Banks, 
and if mortgages are being rationed, the desired number of commitments from 
the point of view of the builders will not be forthcoming. It should be noted 
in passing that home builders are not generally concerned with the cost of 
mortgage credit, only with the availability of mortgage credit. The credit costs 
to the builder are short-term costs. The cost of mortgage credit will affect 
builders only to the extent that the cost affects their subjective probabilities of 
being able to sell their houses at profitable prices. 

The rationing effect from the mortgage market to the housing market may 
also show up in the form of financial intermediaries increasing down payment 
requirements and the lie. If at the existing mortgage rate an individual wants 
to borrow, say, 80 percent of the value of his proposed new home and the 
financial intermediary will only loan him 70 percent, this can be considered to 
be a form of credit rationing. Risk considerations will probably prohibit finan- 
cial intermediaries from loaning to individuals 100 percent of the value of 
their homes, but to the extent that financial intermediaries change the percent 
that they will loan according to market conditions, this is a form of credit 
rationing. Credit would not be rationed if financial intermediaries kept down 
payment requirements constant and let the mortgage rate rise to the point 
where the amount demanded was equal to the amount they had available to 
supply. 

Rationing in the mortgage market will thus have a negative effect on the 
number of new houses built. The number of new houses built will be limited 
to the number of new houses the mortgage market is willing to finance. This 
restriction will show up in the form of builders not being able to get as many 
mortgage commitments as they would like at the existing set of prices and 
individuals who build their own homes not being able to take out as many 
mortgages as they would like at the existing set of prices. In this case the 
housing market is in disequilibrium in the sense that were it not for mortgage 
rationing, builders would like to build more houses at the existing set of prices 
than they are in fact building. Given the restricted supply of houses, the price 
of houses is, of course, likely to rise, and it is conceivable (although perhaps 
not very likely) that the price of houses would rise far enough to choke off 
enough demand to equate the quantity demanded to tbe restricted supply. If 
the price of houses does not rise this far, then some demanders will go unsatis- 
fied at the existing set of prices. 

It is important to note that disequilibrium in the mortgage market has an 
asymmetrical effect on the housing market. If the mortgage rate is too high in 
the sense that the supply of mortgages is greater than the demand, this should 
have little effect on the housing market. Builders (including people who build 
their own homes) will be able to get all of the mortgage commitments that they 
want, and the fact that financial intermediaries would like to issue more corn- 
mitments than the builders are taking should not in general induce the builders 
to take any more. There may be some cases in which excess supply in the 
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mortgage market has caused builders to build more houses than they otherwise 
would (given their expectations and the existing set o,f prices and costs), but 
it does not seem likely that this will happen very often,. Only if excess supply in 

I the mortgage market causes builders to change their expectations about selling 
prices would excess supply in the mortgage market be expected to have a sig- 
nificant effect on the housing market, and it does nat seem very likely that t excess supply in the mortgage market would have a significant effect on build- 
ers’ selling-price expectations. With respect to the demand for houses, one 
would also not expect that excess supply in the mortgage market would have 
a significant effect on the demand for houses. The cost of mortgage credit 
should certainly affect demand since it is part of the price of housing services, 
but the mere fact that financial intermediaries would like to issue more mort- 
gages at the current mortgage rate than they are issuing should not affect 
demand directly. Only to the extent that excess supply in the mortgage market 
causes the cost of mortgage credit to fall in the future should the demand for 
housing services be affected. 

In summary, then, the mortgage market will have a constraining effect on 
housing activity if there is excess demand in the mortgage market and rationing 
occurs, but otherwise the mortgage market affects housing activity only through 
the effect of the mortgage rate on the demand for houses. Disequilibrium in 
the housing market occurs when the price of housing services does not adjust 
fast enough to clear the market. The housing market can be shocked out of 
equilibrium either by builders misreading the market and underbuilding or 
overbuilding or by builders being prevented from building the equilibrium 
number of houses by not being able to get all of the mortgage commitments 
from the financial intermediaries that they would like at the existing set of 
prices. 

This completes the outline of the model that will be used as a basis for the 
critique in Section III. It should be emphasized that the model is highly 
generalized and has left out many details. In particular, little attention has been 
given to specifying the factors that actually determine builders’ expectations, 
and no attention has been given to questions of disaggregation. Also, no dis- 
tinction has been made between the number of houses and the value of houses. 
It is interesting to note, however, that the model does provide the mechanism 
by which both mortgage credit and builders’ expectations can have significant 
effects on housing starts. Guttentag [9] and Alberts [l] were two of the first 
to emphasize the role of mortgage credit, and Maisel [ 141 was one of the first 
to emphasize the role of builders’ expectations. 

Before presenting the discussion of previous models in Section III, a brief 
discussion of the housing starts model in [S] will be given. The model in [S] 
is consistent with the above theoretical framework, but a number of simplifying 
assumptions were made in specifying the model. First, the assumption was 
made that builders build either the quantity of new houses demanded or the 
quantity of new houses that the mortgage market is willing to finance, which- 
ever is smaller. Two equations were then estimated-an equation explaining 
the demand for housing starts and an equation explaining the number of 
housing starts that the mortgage market is willing to finance. The latter equa- 
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tion is in effect a supply equation of housing starts from the mortgage market. 
Since the observed number of housing starts was not necessarily assumed to be 
equal to both the number demanded and the number supplied, the supply 
and demand equations could not be estimated by standard econometric tech- 
niques. The equations were instead estimated by one of the four techniques 
developed in Fair and Jaffee [6] for estimating supply and demand schedules 
in disequilibrium markets. Three of the four techniques developed in [6] 
were designed to separate the sample period into demand and supply regimes so 
that each schedule could be fitted against the observed quantity for the 
sample points falling within its regime. The fourth technique was designed 
to adjust the observed quantity for the effects of rationing so that both 
schedules could be estimated over the entire sample period using the adjusted 
quantity. The fourth technique provides a test of the hypothesis that rationing 
has occurred in the particular market in question. The fourth technique was 
tbe one used in [S], and the results indicated that rationing has occurred in 
the housing and mortgage markets. 

The model in [S] was designed for forecasting purposes and was kept rela- 
tively simple. The model is concerned only with tbe market for new houses 
(starts), and it assumes that the construction sector plays only a passive role 
in determining the number of starts. The model is not put forth as a complete 
specification of the housing and mortgage markets, but only as a first step in 
trying to take into account the disequilibrium aspects of the markets and the 
relationship between the two markets. 

III. A CRITIQUE OF F'REVIOUS MODELS 

The M&k Model 

Muth [16] is primarily concerned with the demand for housing. The desired 
per capita stock of housing is a function of income and price. Two price vari- 
ables are included in the equation explaining the desired per capita stock of 
housing: tbe price of houses and the mortgage rate. Mutb argues that in the 
long run the supply of housing from the construction sector is highly elastic 
(p. 46), but in the short run be specifies a lagged adjustment process of actual 
housing stock toward desired stock. The lack of instantaneous adjustment may 
be due to both demand and supply effects (pp. 35-36). 

Mutb’s model has allowed for disequilibrium effects in the housing market by 
postulating the lagged adjustment process. At any point in time the actual 
stock of housing is groping its way toward the desired or equilibrium stock. 
The lagged-adjustment process does not, however, capture the restrictive effect 
that the mortgage market can have on the housing market. If credit rationing 
occurs, the actual stock of housing may be prevented from adjusting toward 
the desired stock by as much as the lagged-adjustment process indicates it 
should. Adjustment toward the desired stock is always at the same rate in 
Muth’s model, and this does not appear to be a reasonable assumption to make 
for the housing market in view of tbe effect that the mortgage market can have 
on the housing market. Much of the time adjustment may not be restricted at 
all, but some of the time adjustment may be restricted quite severely. 
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The Maim1 Model 

Ma&l’s model [ 141 is based on the definition that the level of housing starts 
(St) equals net household formation (AHH) plus net removals (Rem) plus 
changes in vacancies about their trend (AV) plus changes in inventories under 
construction (AI) :I 

St=AHH+Rem+AV+AI. (1) 

In his theoretical model Maisel specifies the factors that explain each of the 
four components of housing starts, but in his empirical work he estimates only 
one “reduced form” equation explaining housing starts. The equation is, how- 
ever, not really a reduced form, equation since two of the components of housing 
starts, net household formation and net removals, are included directly as ex- 
planatory variables in the equation. In order for the equation that Maisel 
estimated to be a reduced form equation, the coefficients on the net-household- 
formation variable and the net-removal variable would have to be constrained 
to be one or else the determinants of these two variables would have to be used 
in the equation in place of the variables themselves.6 

More seriously perhaps, Maisel has not treated inventories under construc- 
tion properly. The change in inventories under construction is by definition 
equal to starts minus completions. Assume without loss of generality that com- 
pletions in the current quarter are equal to starts of two quarters ag0.O The 
change in inventories under construction is then by definition equal to starts of 
the current quarter minus starts two quarters ago (AI = St - St-z). Maisel’s 
definition (1) is thus 

St = AHH + Rem + AV + St - St_%, (2) 

or 
st--2 = AHH + Rem + Av. (2)’ 

Since St-2 is completions in the current quarter, equation (2)’ correctly states 
that the level of completions is by definition equal to net household formation 
plus net removals plus the change in vacancies. What the above analysis sug- 
gests, then, is that there should not be an error term in Maisel’s equation ex- 
plaining the change in inventories under construction and that Maisel shotrId 
have worked with definition (2)‘. What Maisel did in fact do was to take the 
current change in inventories (AI) to be a function of housing starts lagged 
one and three quarters respectively and to put these latter two variables in the 
equation explaining current housing starts (St). This procedure introduces two 

4. For purpascs of the definition, AV should actually be just the change in vac;mcies rather than 
the change in vacancies about their trend. Mai& deals only with the change in vacancies about 
their trend and proceeds to write the definition as in (1)) which is not, strictly speaking, correct. 

5. Essentially this point rya9 made by Warren Smith in the discussion that fallowed Maisel’s 
presentation at the Conference an Savings and Residential Financing, Chicago, May 1965. See WI, 
pp. 145-146. 

6. Ma.isel as~umez that compktions in the current month are equal to starts six months earlier 
(p. 370). The following analysis remains unchanged if completions in the current quarter are made 
some wcightcd average of starts of one and two quarters ago. Au this would do would be to change 
the left-hand-side variable in equation (2)’ to the particular weighted average wed. 
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lagged dependent variables into the equation and converts the equation into a 
difference equation, but the procedure makes no sense within the context of 
Maisel’s theoretical framework. 

Despite the above criticisms, it is still possible to put much of Maisel’s 
theoretical discussion within the framework outlined in Section II. Maisel 
believes that demand is fairly stable and assigns “a low importance to house- 
hold formation and net removals as a cause of postwar housing fluctuations” 
(p. 374). Much of his discussion emphasizes the construction sector and in 
particular the importance of builders’ expectations in determining short-run 
movements in housing starts (pp. 366-370). The mortgage market does not 
play a central role in Maisel’s analysis, although credit costs are postulated as 
having an important effect on builders’ decisions (p. 378). Credit costs have 
little, if any, effect on the demand for housing starts, although credit costs may 
affect the value demanded per start.’ Mafsel also states that the availability of 
credit may be important as well as its cost (pp. 369, 378), but this line of 
argument is not pursued beyond using a short-term rate rather than a long- 
term rate in the equation explaining housing starts. The explanatory variables 
in the housing starts equation, aside from the short-term rate, the two lagged 
dependent variabIes, the net-household-formation variable, and the net-removal 
variable, are the deviation of vacancies at the beginning of the quarter from 
trend and the ratio of rents to construction costs lagged one quarter. The 
equation does not allow for the effect of credit rationing except through the 
effect of the short-term rate, and even if the short-term rate can be taken as a 
proxy for credit rationing, the mere inclusion of the short-term rate as an 
explanatory variable in the equation does not allow for the asymmetrical effect 
of credit rationing. 

The Sparks Model 

Sparks’ model [ 181 is an attempt “to combine Ma&l’s approach with a more 
detailed treatment of the supply of mortgage funds” (p. 304). In the model 
the change in housing starts is taken to be a function of the change in the level 
of vacancies plus inventories under construction of the previous period, of the 
change in the ratio of rents to construction costs of the previous period, of the 
change in mortgage credit terms, of the change in net household formation, 
and of the change in disposable income. Sparks also specifies supply and de- 
mand equations for mortgage commitments. The change in the demand for 
mortgage commitments is a function of the same variables that determine 
the change in housing starts. The change in the supply of mortgage commit- 
ments from each financial intermediary is a function of the change in the inflow 
of savings deposits of the intermediary, of the chauge in mortgage repayments 
of the intermediary, of the change in the ratio of the intermediary’s mortgage 
holdings to its deposits of the previous period, of the change in mortgage credit 
terms, and of the change in a representative yield on competing assets. 

Sparks equates supply and demand in the mortgage market and thus assumes 

7. See Mahel 1151, PP. 132.135, far B dear discussion of this. 
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that the mortgage market is always in equilibrium. The mortgage market affects 
housing starts through the cost of mortgage credit.* Two basic criticisms can 
be made regarding Sparks’ housing starts equation. The first is that the equa- 
tion is neither a supply equation nor a demand equation nor a reduced 
form equation. There are two price variables in the equation (the cost of mart- 
gage credit and the ratio of rents to construction costs), two other determinants 
of demand (household formation and income), and one other determinant of 
supply (vacancies plus inventories under construction). Sparks did not specify 
separate supply and demand equations for the housing market, as he did for 
the mortgage market, and the housing starts equation that he ended up with 
does not appear to have much theoretical justification. The other basic criticism 
regarding Sparks’ model is that by assuming equilibrium in the mortgage 
market, he has not allowed the mortgage market to affect the housing market 
other than through the cost of credit. 

The Smith Model 

In Smith’s model [ 171 the level of housing starts is a function of the price of 
houses, of the vacancy rate, of construction and land costs, and of the cost and 
availability of mortgage credit. With respect to the availability of mortgage 
credit, the yield differential between mortgages and bonds was used as an 
explanatory variable in the housing starts equation to represent “private credit- 
rationing effects” (p. 799). A public credit-availability variable was also 
included in the housing starts equation. Aside from the credit-availability 
variables, Smith’s housing starts equation can be considered to be a supply 
equation of housing starts from the construction sector. The equation can be 
criticized for failing to take into account the asymmetrical effect of credit 
rationing. The credit-availability variables should not merely be included in 
the equation as explanatory variables. Also, given that Smith’s equation is 
a supply equation from the construction sector, the credit-cost variable should 
probably be a variable measuring short-term costs rather than mortgage costs. 

Smith also specities supply and demand equations for housing stock and for 
mortgages. He equates supply and demand in each market and solves respec- 
tively for the price of housing and the mortgage rate. He then estimates the 
resulting equations explaining the price of housing and the mortgage rate. He 
also estimates an equation explaining the stock of houses (as a function of 
lagged stock and current and lagged housing starts) and equations explaining 
mortgage approvals from three financial intermediaries. By equating supply 
and demand in the mortgage market, Smith assumes that the market is always 
in equilibrium, and this assumption is inconsistent with the use of credit- 
rationing variables in the housing starts equation. Smith also tried (again 
incorrectly) -&.J introduce credit-rationing variables in the equations explaining 
the price of housing and the stock of houses, but the variables were not 
significant (p. 802). 

8. Sparks actually estimates his housing starts equation by substituting the determinants of the 
mortgage credit variable far the variable iiself, but it is not necessary to consider this procedure 
here. 
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The Brady Model 

Brady [Z] d&aggregates housing investment by type of mortgage used to 
finance the investment-conventional, FHA, or VA. He takes a highly em- 
pirical approach and chooses as explanatory variables in the housing investment 
equations those variables that led to the best fits. Included as explanatory 
variables in the equation explaining conventionally-financed housing investment 
are an index of monetary stringency, the mortgage rate, the spread between 
the mortgage rate and the bond rate, and the length of the amortization period. 
This equation can be interpreted as a supply equation from the financial sector. 
Included as explanatory variables in the equation explaining FHA-financed 
housing investment are the ratio of rents to consumer prices, the spread be- 
tween the mortgage rate and the bond rate, the loan-to-value ratio, mortgage 
commitments by Life Insurance Companies lagged two quarters, and acquisi- 
tions of mortgages by FNMA. This equation could also be interpreted as a 
supply equation from the financial sector were it not for the inclusion of the 
ratio of rents to consumer prices, which is a variable relevant for the demand 
equation and perhaps for the supply equation from the construction sector, but 
not for the supply equation from the fmancial sector. The equation explaining 
VA-financed housing investment is similar to the equation explaining FHA- 
financed housing investment except without the ratio of rents to consumer 
prices included as an explanatory variable, and so the equation can also be 
interpreted as a supply equation from the financial sector. 

If Brady’s equations are interpreted as supply equations from the financial 
sector, then the implicit assumption in the model is that supply from the con- 
struction sector and demand are always sufficient to absorb the supply from 
the financial sector. The markets can never be in disequilibrium in the sense 
of the quantity supplied from the financial sector being greater than the 
quantity demanded or the quantity supplied from the construction sector. The 
index of monetary stringency and the loan to value ratio can be interpreted as 
credit rationing variables, and again the mere use of these variables as explana- 
tory variables does not take into account the asymmetrical effect of credit 
rationing. 

The Evans Model 

In the Evans model [4] investment in housing is a function of income, of the 
ratio of a cost index of residential construction to a rent index lagged three 
quarters, and of the spread between the long-term bond rate and the short-term 
commercial paper rate lagged three quarters (pp. 197-198). The latter variable 
is taken as a measure of credit market tightness (p. 191). In his discussion, 
Evans emphasizes the counter-cyclical nature of housing investment and argues 
that builders in some sense receive both residual credit and residual constrnc- 
tion labor. He also states that “the function explaining residential construction 
is really more of a supply function than a demand function for short-run fluc- 
tuations” (p. ZOO). Evans’ equation is, however, neither a supply equation 
nor a demand equation nor a reduced form equation. The income variable is a 
demand variable, the ratio of costs to rents is a price variable belonging pre- 
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sumably in both demand and supply equations, and the interest-spread vari- 
able is a price variable and perhaps also a variable measuring credit-rationing 
effects. Evans’ equation, by combining elements from the demand sector, from 
the construction sector, and from the financial sector, ends up not being able 
to be interpreted as a strnctural equation from any sector nor as a general 
reduced form equation. If the interest-spread variable is interpreted as a 
measure of credit rationing, then again the mere use of this variable as an 
explanatory variable does not take into account the asymmetrical effect of 
credit rationing. 

The DHL-III Model 
In the DHL-III model [ 1 l] the level of housing starts is a function of the 

level of starts lagged one and two quarters, of the two-quarter change in income 
lagged one quarter, and of a credit variable which is a step-function related to 
the spread between long and short interest rates (p. 28). Aside from the lagged 
dependent variables, the equation can be considered to be a demand equation 
if the credit variable is interpreted as a price variable. If the credit variable 
is interpreted as a credit-rationing variable, then the equation is subject to the 
criticism that the mere inclusion of the variable in the equation does not 
properly capture the asymmetrical effect of credit rationing. If the equation is 
interpreted as a demand equation, then the implicit assumption in the model 
is that supply from the construction sector and supply from the financial 
sector are always sufficient to meet the demand. 

The SSRC-MIT-PENN Model 
In the SSRC-MIT-PENN (SMP) model [1318 the per capita demand for 

the stock of houses is a function of per capita permanent income and of the 
implicit rental price for the stock of houses relative to general consumer prices. 
Since “in equilibrium, market clearing for homeowners, requires that the cost 
of capital be equal to the ratio of the implicit rental price to the equilibrium 
price of the housing stock” (p. 26), the implicit rental price was set equal to 
the cost of capital times the price of the housing stock. The supply of real per 
capita housing starts is a function of the ratio of the price of the housing stock 
to housing construction costs. The demand equation was used to solve for the 
rental price, and the equilibrium assumption was then used to replace the rental 
price by the cost of capital times the price of the housing stock. This latter 
equation was then solved for the price of the housing stock (by dividing 
through by the cost of capital), and the resulting expression for the price of 
the housing stock was substituted into the supply equation. The real per capita 
value of housing starts thus became a function of the ratio of consumer prices 
to the cost of capital times the cost of construction, of the per capita stock of 
houses, and of per capita income. 

The basic SMP housing model is thus an equilibrium model. The mortgage 
market affects housing activity through the cost variables. Credit rationing, 

9. The housing model described in Kalcbbrenner 1131 is slightly changed from the housing model 
described in de Leeuw and Gramlich [31, and so attendan will be concentrated an the more recent 
model in Kalchbrenner [131. 
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however, plays an important role in the overall SMP model, and credit rationing 
is also introduced in the housing starts equation.‘0 The change in outstanding 
mortgage commitments of SLAs was added as an explanatory variable to the 
equation, along with the change in the flow of FNMA mortgage-holdings and 
the change in the financial component of household net worth. Also, “all three 
of these variables were estimated with lags to reflect the slow adjustment to 
equilibrium anticipated in the housing sector” (p. 37). 

The main problem with the SMP housing model is that credit-rationing vari- 
ables are tacked on at the end of the basic model and are not consistent with 
the equilibrium framework of the basic model. Even if the procedure were 
consistent,” however, the model is subject to the criticism that it does not in- 
corporate the asymmetrical effect of credit rationing. 

The Hwzng Model 

In the Huang housing model [IO], la the value of new houses bought 
(demand). is a function of tbe value lagged one quarter, of the change in the 
expected ratio of rents to housing prices, of the change in the mortgage rate, 
of the change in the average loan to value ratio, and of the change in the 
average length of amortization. The number of new houses started (supply) is 
a function of the number started one and two quarters ago, of the expected 
ratio of housing prices to construction costs, of a short-term interest rate, of 
vacancies (excess supply), and of the free reserves position of the Federal 
Reserve member banks. The latter variable is taken as a measure of general 
credit availability. 

By distinguishing between houses bought and houses started, Huang allows 
for disequilibrium in the housing market. The mortgage market affects demand 
through the mortgage rate, the loan to value ratio, and the amortization vari- 
able. The mortgage market affects starts by affecting demand, which affects 
the level of vacancies. The non-mortgage financial sector affects starts through 
the short-term interest rate and the free-reserves variable. Again, the mere use 
of the free-reserves variable as an explanatory variable in the starts equation 
does not allow for the asymmetrical effect of credit rationing. Also, if the 
loan to value ratio is interpreted as a credit rationing variable, the mere 
use of this variable as an explanatory variable in the demand equation 
does not allow for the asymmetrical effect of credit rationing. Huang’s housing 
model has thus accounted for disequilibrium in the housing market, but it has 
not accounted in an adequate way for the effect of disequilibrium in the mort- 
gage market on the housing market. 

In the Huang mortgage model [9a]lS the demand for mortgages is a function 

10. The following discussion relates to what was done in the single-family housing starts equation. 
A similar procedure was followed for the multi-family equation, hut tbii will not be discussed here. 

11. The procedure might be made consistent by assuming that the price of houses always ad- 
justs to equate supply and demand in the housing market regardless of how much supply is R- 
stricted by credit rationing. (See the relevant discussion in Section 11.) This does not, however, 
appear to be what the designers of the SMP housing model had in mind. 

12. Huang presents equation far both single-family units and multi-family units, but attention 
will be concentrated here only on the equaticm far single-family units. 

13. Huang aim dis~sses the mortgage market in [IO], but the discussion in [9aI is more complete 
and so will be considered here. 
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of the mortgage rate, of the average maturity of mortgage loans, of income, of 
the desired level of the owner-occupied housing stock, and of the lagged stock 
of mortgages. The desired housing stock is taken to be a function of income 
and of the ratio of rents to housing prices. The lagged stock of mortgages enters 
because of an assumed lagged-adjustment process. The supply of mortgages is 
a function of the mortgage rate, of the corporate bond rate lagged one quarter, 
of the level of free reserves at Commercial Banks lagged two quarters, and of 
the net increase in earnings at banks and nonbank financial intermediaries. The 
mortgage rate is assumed to have a negative effect on demand and a positive 
effect on supply. 

If the mortgage market is in equilibrium, then the observed quantity is equal 
to both the quantity demanded and the quantity supplied. Huang estimates his 
demand and supply equations using the observed quantity as a measure of the 
quantity demanded and the quantity supplied. He finds, as expected, that the 
mortgage rate has a negative effect on demand and a positive effect on supply. 
Huang’s estimates of the supply and demand equations are thus based on the 
assumption that the mortgage market is in equilibrium. He then goes on, how- 
ever, to assume disequilibrium in the mortgage market and to estimate an 
equation explaining the mortgage rate. He essentially assumes that the ob- 
served quantity is equal to the quantity demanded but not to the quantity 
supplied. His estimate of the mortgage rate equation is thus inconsistent with 
the assumptions made in estimating the supply and demand equations. 

The Jaffee Model 

Jaffee [ 121 is concerned only with the mortgage market and so his model 
will only be briefly discussed here. Jaffee specifies supply and demand equations 
for mortgages. Supply is disaggregated by financial intermediary. Both supply 
and demand are a function of the mortgage rate. Jaffee estimates his supply 
equations using the actual quantity of mortgages as the dependent variable, and 
so he assumes that the observed quantity is always equal to the supply. Instead 
of estimating his demand equation directly, however, Jaffee estimates an equa- 
tion explaining the mortgage rate, where the mortgage rate is a function of the 
observed quantity of mortgages, of the variables in the demand equation (other 
than the mortgage rate itself), and of the mortgage rate lagged one quarter. 
Jaffee points out that this procedure is equivalent to one of the procedures 
developed in Fair and Jaffee [6] for estimating disequilibrium markets as long 
as the observed quantity is always equal to the quantity supplied, or equiva- 
lently in this context as long as the change in the mortgage rate is always 
nonnegative. This assumption was true for much of Jaffee’s sample period, but 
in general the assumption will not be able to be used. 

IV. CONCLUSION 

The main conclusion of this paper is that most housing and mortgage models 
have not accounted in an adequate way for disequilibrium effects nor for the 
effects of the mortgage market on the housing market. Some models are in- 
consistent in their treatment of disequflibrium effects, and none of the models 
have accounted for the asymmetrical effect that disequilibrium in the mortgage 
market has on the housing market. Some models are also not clear on whether 
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a demand equation is being estimated, a supply equation from the construction 
sector, a supply equation from the financial sector, or some sort of reduced form 
equation. In some cases the resulting equation cannot be interpreted as any 
one of these. Nevertheless, rapid progress has been made in the last decade 
in understanding the housing and mortgage markets, and the primary sug- 
gestion of tbis paper is that in the future more attention be given to dis- 
equilibrium effects and to the way in which the mortgage market affects the 
housing market. Much work is also needed in disaggregating the housing and 
mortgage markets by type of mortgage, by type of dwelling unit, and by 
region. Also, the federal government is playing more and more of a role in 
the two markets, and attention should be given as to what effect the various 
government activities are actually having. 

Because of the rather complicated nature of the housing and mortgage 
markets, it is not particularly easy to specify the markets econometrically. 
Asymmetrical effects are difficult to specify econometrically, and the existence 
of disequilibrium in a market means that the observed quantity cannot be used 
both as a measure of the quantity demanded and as a measure of the quantity 
supplied. Clearly, more work is also needed in trying to develop econometric 
tools to handle disequilibrium problems. 
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