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This paper develops a partial equilibrium model of housing markets 

with special attention to the division of the housing stock between rental 

and owner-occupied housing. This work is motivated by my interest in 

developing a simple but complete model of the housing market that can 

simultaneously deal with what appear to be the stylized facts of the 

impact of inflationary expectations on housing markets, namely a sub

stantial increase in the relative price of structures, a decline in the 

user cost of capital for owners, a decline in rents relative to prices 

in general, and an increase in the incidence of homcmmership. 

Much recent work has examined the impact of inflation on housing 

markets. For example see Hendershott, Hendershott and Hu, Villani, and 

Dougherty anF Van Order. For the most part this work has concentrated 

on the implications of continuing inflation for the user cost of owner

occupied housing and has ignored links to rental housing. This paper, while 

drawing on that work, extends the analysis to include the endogenous de

termination of rents, the user cost of owner-occupied housing and housing 

tenure choice. The structure of the model is similar in spirit to recent 

work by Feldstein and Litzenberger and Sosin. 

After first describing the model, the short and long run impacts of 

changes in exogenous variables, including the expected rate of inflation, 

are considered. The difference between the short and long run arises 

because of the time lag necessary to add to the stock of housing capital. 

Short run impacts of changes in exogenous variables are derived by holding 

the total stock of housing capital constant, but not the division between 
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rental and owner-occupied housing. Long run impacts are derived by 

holding construction costs constant and letting the quantity of housing 

adjust. Fixing construction costs is equivalent to an infinitely elastic 

long run supply curve of ne\v housing units. In the short run, impacts of 

changes in exogenous variables are concentrated on prices and tenure 

choice. Changes in structure prices, when contrasted with construction 

costs, then give rise to net investment. Long run equilibrium is re

established when there is no longer any incentive to change the housing 

stock. 

THE MODEL 

The approach here is partial equilibrium in that, while demand and 

supply functions are specified for rental and owner-occupied housing, . 

broader macroeconomic variables such as income, interest rates, the price 

of nonhousing goods, and expectations about the rate of inflation, are 

exogenous to the model. A number of important issues are not addressed 

in the formal model, including transactions costs and cash flow constraints 

from traditional forms of mortgage debt. It is also assumed that there 

is no physical depreciation of houses. The assumption is for analytic 

simplicity and has no effect on the qualitative results. 

Before proceeding it will be helpful to define a number of terms. 

The term housing stock will refer to the physical stock of capital that 

provides housing services. The term unit of housing refers to the arbi~ 

trary amount of housing capital that is used to measure the housing stock. 

Thus one unit of housing is by definition equal to any other unit. Two 
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different houses on a block, often called housing units in everyday 

language, will differ here because they have a different number of units 

of housing capital. 

The term housin£ will refer to the flow of shelter services from the 

housing stock. These services are provided, viaa housing production 

function, from the stock of houses. It is assumed that one unit of housing 

capital, along with technologically determined operating costs, provides one 

unit of housing services. 

The price of housing services depends upon the form of housing tenure. 

Renters pay an explicit market rent, denoted by R, for a unit of housing 

services for one period. For owner-occupants the price of a unit of 

housing services is an implicit, Jorgensonian user cost of capital. 

Structure prices, PH' refers to the current market price of a unit 

of the housing stock. All units of housing capital, regardless of their 

tenure classification, are assumed to sell for the same price.: The price 

of individual houses or apartment buildings will differ as they contain 

different amounts of housing capital. 

THE DEMAND FOR HOUSING 

Utility maximizing behavior by individuals gives rise to a demand 

for housing that depends upon real income and the relative price of 

housing. It is assumed that individuals have no inherent preference for 

renting or owning. They are assumed to choose to own or rent on the 

basis of the market price of renting and the implicit after-tax cost of owning. 

Individuals choose the lowest cost form of housing. Differences in the 

quantity of housing services consumed by owners and renters reflect 
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differences in both incomes and after-tax prices. 

The after-tax cost of homeownership is given by a risk adjusted 

Jorgensonian user cost of capital expression, equation (1).1 Equation 

(1) incorporates the following assumptions: interest payments are tax 

deductible; income in kind from occupying one's home is not taxed; and 

capital gains on owner-occupied housing are tax free. Eq4ation (1), and 

equation (6) below, assume th~t expectations of period by period capital 

gains are relevant to measures of user cost and rates of return. In 

actuality, the realization of capital gains is often postponed. Equations 

(1) and (6) implicitly assume that any such postponement does not affect 

the housing and investrrlent decisions of owners and landlords. 

As written, ace may well be negative with appropriately large 

values for expected capital gains, 
e 

g, and the marginal tax rate, t. 

In the absence of satiation, the demand for housing would then be infinite. 

One might either restrict the value of arguments in (1) or assume that the 

risk premium, is positively related to TIe and 

OCC is never negative. 2 

(1) occ(t) 

where occ - after-tax owner cost of capital; 

t marginal tax rate; 

i real interest rate; 

e g in a way that 

1 For example, see Dougherty and Van Order who derive an expression 
analogous to equation (1) from both a consumption and investment viewpoint. 

2See Feldstein 1979 and 1980 for discussion of a similar concern. 
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n e - expected rate of inflation; 

i + n
e 

- nominal interest rate; 

~o _ risk premium for owner-occupied housing; 

e g - expected rate of capital gains on structures; 

P - market price of a unit of housing capital; 
H 

0 0 
- owner's operating costs. 

Of the variables included in equation (1), OCC and PH are endogenous 

to the model. All others are exogenous. OCC refers to the implicit 

price for owners of a single unit of housing services. A household's 

total housing costs will depend upon the number of units of housing 

services it chooses to consume. Interest, risk and capital gain elements 

are proportional to structure prices. Operating costs are assumed to be 

given by technical factors and need not be proportional to PH' For 

example a change in PH that reflected short run adjustment to a change 

in expected capital gains would not be expected to change operating costs.
3 

The cost of renting is simply the market rent, R, and is unaffected 

by an individual's marginal tax rate. Individuals decide to own or rent 

by comparing their own OCC and market rents. 

Differentiating equation (1) shows that the cost of owning is lower 

for individuals with higher marginal tax rates. Assuming that there are 

both renters and owners, there will be a tax rate, and an associated owner 

cost of capital, at which individuals are indifferent between owning and 

3property taxes are not explicitly included in (1). Property taxes 
are tax deductible and are, except for lags in assessment, proportional 
to prices. Explicit inclusion of property taxes is a straightforward 
extension .of equation (1). 
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renting. This tax rate is found by setting DCC from equation (1) equal 

to the market rent and solving for the marginal buy/rent marginal tax rate. 

(2) R 

where R - market rent for a unit of housing services; 

tl - marginal buy/rent marginal tax rate. 

All individuals with incomes such that their marginal tax rate is less than 

tl will be renters. All individuals with incomes such that their marginal 

tax rate is greater than tl will be owners. Changes in tl will signify 

a change in the incidenc:e of homeownership as measured by the proportion 

of individuals who own rather than rent. 

Once individuals have chosen to own or rent, their individual demand 

for housing will depend upon their income and the relevant price of housing. 

The total demand for owner and rental housing comes from aggregating 

across individuals above and below tl and is shown in equations (3) and (4). 

(3) HO 
E h[Y(t). DCC(t)] 
t>t

l 

(4) HR = E h[Y(t), RJ 
t<t

l 

where h(· ) - individual demand for housing, hI > 0, h2 < 0; 

HO _ aggregate demand for owner-occupied housing; 

HR _ aggregate demand for rental housing; 

yet) - individual incomes. 

Equations (3) and (4) represent aggregate demands for housing services. 

Since a unit of housing services requires one unit of the housing stock, 
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equations (3) and (4) also represent aggregate demand for the housing 

stock, directly in the case of mmer-occupants and indirectly in the case 

of renters. 

THE SUPPLY OF HOUSING 

The supply side of the model consists of equations that describe the 

behavior of landlord-investors, the suppliers of rental housing, equations 

(5), (6) and (7), and an equation that fixes the stock of houses, (8a), or 

the structure price of a unit of the housing stock, (8b). 

where 

(6) 

t-7here 

where 

ATR - after-tax return from rental property; 

OR - operating expenses per unit of rental housing; 

D( ) - annuity equivalent after tax value of depreciation 

allowances, Dl < 0; 

a - ratio of marginal capital gains tax rate to marginal tax 

ljJR 

rate, O<a<1. 
~ 

risk premium for investments in rental property; 

t2 - marginal landlord marginal tax rate. 

S - supply function, Sl < O. 
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(8a) H 

(8b) 

Equation (5) defines a landlord-investor's expected after-tax 

nominal return from investing in rental housing, a return which is com-

posed of rental income minus operating expenses plus the after-tax value 

of depreciation allowances and the expected after-tax value of capital 

gains. 

Depreciation allowances are an important part of a landlord's re-

turn as they can be used to postpone taxes, increasing cash flow in the 

early years of an investment. The term Dei + 1T) stands for the anLmity 

equivalent of the present value of the tax postponement feature of a 

dollar's worth of depreciation allowances.
4 

This term is multiplied by 

PH because depreciation allowances are proportional to the price of 3-

depreciable asset. The after-tax value of depreciation allowances 

depends upon a landlord's marginal tax rate. By postponing taxes de-

preciation allowances work like an interest free loan, the present value 

of which depends upon nominal interest rates. The term (1 - at) gePH 

is the after-tax value of expected capital gains, taxed at the preferential 

tax rate a.t. 

It is assumed that individuals decide to become landlords after comparing 

the after-ta."'{ returns from investing in rental housing with the risk adjusted 

4With accelerated depreciation, depreciation allowances vary from year 
to year. However, in equilibrium, units offering the same quantity of 
housing must have the same market rent, regardless of when the units were 
purchased. The impact of depreciation allowances on rents would be the 
present value annuity equivalent to the after tax impact of actual de
preciation allowances. The D(·) term is this annuity equivalent. 
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after-tax returns from alternative investments, represented here 

by the after-tax return on a riskless bond, (1 - t)(i + TIe).S In the 

absence of financing limitations, a single landlord could supply all 

rental housing. With limitations on the amount of rental investments 

from particular individuals - either external, for example, downpaymenl 

constraints, or internal, for example, portfolio balance considerations -

an expansion of the rental housing stock v1ill require new landlords, 

typically with lower marginal tax rates, equation (7). 

In equilibrium the risk-adjusted after-tax yield on rental housing 

will equal the after-tax yield on alteraative investments for the marginal 

landlord, equation (6). An increase in t lowers the return on both bonds 

and rental houses. However the decliae in the recurn 

to rental housing will be less than "[hat on bonds, a result v,Thic.h estab-

lishes the superiority of rental housing as an investment option for h:igh 

income individuals and a tax rate, t
2

, SUell that laadlord-investors 

\l7ill all have marginal tax rates greater than or equal to t2' (See 

Appendix A for a further disc.ussion of this issue.) Individuals with 

lOvlEYr marginal tax rates wil-l find that riskless bonds will offer them 

a more attractive return. 

SHORT Rm~ 

The short run version of the model consists of equations (1), (2), 

(3), (4), (5), (6), (7), and (8a) , Endogenous variables are ace, t
l

, 

HP, HR, R, ATR, t 2 , and PH' While H
O 

and ~, the stocks of 

SIn keeping with the partial equilibrium character of the analysis, 
the model could be easily extended to include a number of other investment 
alternatives, some or all of which may have favorable tax treatment. The 
result of such an extension would be to narrow the range of marginal tax 
rates for landlord-investors. 
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owner and rental housing, can change in the short run, the total housing 

stock, is fixed at H. The solution to the model proceeds by 

considering subsectors of the model and solving summary representations 

of the subsectors simultaneously.7 

T1~e Aggregate Demand for Housing 

Since the total stock of housing is fixed in the short run, equations 

(3) and (4) can be aggregated to yield a single relationship involving 

R, PH' and t I . That is, in the short run, one or more of these three 

variables must adjust so that the aggregate demand for housing equals the 

aggregate supply. A small change in tl means that on the margin some 

individuals have switched between owning and renting. However, there 

will be nc") change in the aggregate demand for housing following this 

switch. At t 
1 

individuals find the cost of owning and renting equal 

and T.;rill demand the same quantity of housing regardless of tenure. Thus, 

a decision by these individuals to change theiT form of housing tenure 

will not change their demand for housing or the aggregate demand for 

housing. Since small change£; in tl do not affect aggregate housing 

demand, R and PH must adjust to see that aggregate demand equals 

aggregate supply. 

In Figure 1 the DD curve shows combinations of Rand P 
H 

that 

leave the aggregate demand for housing unchanged. This relationship has 

a negative slope. Consider a lower R that increases the demand for 

rental housing and-induces individuals previously on the margin to switch 

froPl owning to renting. The switch from owning to renting will not affect 

7See Appendix B for a mathematical solution involving total dif
ferentiation. 
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the aggregate demand for hou~ing) but the reduction in R will increase 

the aggregate demand for housing as it increases demand by intramarginal 

renting households. An increase in PH is necessary to reduce the demand 

for owner-occupied housing and keep the aggregate demand for housing un-

changed. The increase in PH will increase the cost of owning. A.gain 

tenure switching at the margin will not affect aggregate demand, but the 

response by intramarginal owning households will. 

The Rental Market 

A second relationship between Rand comes from equilibrium in 

the rental market. Consider first the supply of rental housing. SHbsti-· 

tuting equation (5) into (6) results in a relationship showing how 

PH and t2 must adjust so that returns on investments in rental housing 

offer a competitive return to the marginal landlord. Equation (8) can now 

be used to eliminate t2' The result is the supply of rental housing. 

This supply curve shows combinations of rents, structure prices and the 

r~ntal housing stoek consistent with equilibrium landlord behavior. Holding 

structure prices constant, this supply curve slopes up, as seen in Figure 

2a. A larger rental housing stock requires additional landlord inv2stm8nts 

which, according to equation (8), will come only from individuals 'with 

lower marginal tax rates. Individuals with lower marginal tax rates "tldll, 

at constant structure prices, be induced to invest in rental housing only 

if rents rise. Any change in PH will shift the supply curve. An increase 

in PH shifts the supply curve up. 

A second relationship between R, PH and HR can be derived from 

the behavior of renters. In equation (4) the demand for rental housing 

is seen to involve R and As contrasted ,.,ith the aggregate 

demand for housing, changes in tl are important for the demand ror 
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rental housing as tl determines the number of renters. Equations (1) 

and (2) allow one to solve for tl as a function of R, PH and 

exogenous variables. Substitution of this result into equation (4) 

yields the demand for rental housing as a function of R and PH. This 

demand curve, ,,,hich allows for changes in tl as R changes, is shown 

in Figure 2b for a given PH. It has a negative slope as, at constant 

structure prices, any increase in R induces some individuals to switch to 

mming, and reduces demand by intramarginal renters. An increase in 

PH will increase the demand for rental housing, shifting the demand curve 

to the right. 

Figure 2c shows overall rental market equilibrium. It is clear from 

Figure 2c that overall rental market equil ibriulll involves a positive 

association between R and PH. However, there is no presumption as to 

changes in the stock of rental housing at different rental market 

equilibrium combinations of Rand 

Overall Equilibrium 

Overall equilibrium is found at the one combination of Rand P 
H 

that constrains the aggreg<l"te demand for housing services .-from Figure 1 

and is consistent with :;:oental market equilibrium in Figure 2c. This 

equilibrium can be seen graphically in Figure 3. The DD curve comes 

from Figure 1. The RR curve represents equilibrium in the rental market 

and comes from points such as El and E2 in Figure 2c. 

Comparative Statics 

To get a feeling for the short run implications of the model, consider 

a number of changes in exogenous variable. (Table 1 summarizes the f01-
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lowing results.) 

- A liberalization of depreciation allowances for rental property, that 

is an increase in D, shifts the RR curve to the right while leaving 

the DD curve unaffected. Rents fall while structure 

prices increase. Rents fall as more liberal depreciation allowances induce 

more individuals to become landlords. That is, in Figure 2c the RS 

curve shifts to the right. It is this shift in RS that shifts RR in 

Figure 3. Structure prices rise as landlord-investors compete to buy 

housing units to rent in order to take advantage of the change in depre-

ci.ation allowances. The decline in R and increase in PH imply an 

increase in t
l

, that is some owners switch to renting as it is now cheaper. 

More landlord-investors are needed, t2 must fall, to meet 

the increased demand for rental housing by both new and intramarginal 

renters. Similar results would follow from a reduction in capital gains 

taxation on rental housing or a decrease in t:he operating cost of rental 

property. 

A decrease in operating costs might come from a generalized subsidy 

to landlord-investors to, say, "help low-income renters".8 It may seem 

surprising that. such a subsidy is not fully capitalized 

in structure prices, given that structures are in inelastic supply in 

the short run. The reason is that while all structures are in inelastic 

supply, the supply of structures to the rental sector of the market is 

not inelastic. Ceteris paribus, increases in structure prices will in-

duce owner-occupants to give up some (intramarginal owners) or all (mar-

ginal owners) their housing capital to the rental sector. It is the 

supply of housing capital from intra-marginal owners that allmvs rents 

8In keeping with the partial equilibrium character of the model, the 
discussion ignores possible impacts on income from financing such a subsidy. 
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Surrnnary of Short-run and Long-run Impacts 

f Event I Variable 

I 
PH H R tl 

I 

I Inc rease in D or ct Short-run + 0 - + 

I Decrease in OR Long-run 0 + - + 

I Increase in 0° Short-run - 0 - ? 

Long-run 0 - + + 

I Increase in i Short-run - 0 ? -

I 
I 

Long-run 0 - + ? 

! Increase in e and e Short-run + 0 - (?) I 1T g + 

I I Long-run I 0 I + - - I ----- -~----~--
I _____ .. ___ . __ ~ ________ I 

t2 HO 

- -

- -

- (?) - (?) 

- -

? ? 

? -
+ (?) + (?) 

? + 

I HR 

+ 

+ 

+ (?) 

+ 

? 

? 

- (?) 

? 

I 

I 

• I 

I 
f-' 
.p
I 
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to fall and prevents full capitalization of the subsidy. 

- An increase in operatin~ costs for owner--occupants, 0° ,shifts both t.he 

DD and RR curves to the left as illustrated in Figure 4. The shift in 

the DD curve comes from the direct impact of operating costs on the 

demand for owner-occupied housing, and, thus, the aggregate demand for 

housing. The increase in 0° makes owning more expensive than before. 

Hhile the switch to renting by individuals on the buy/rent margin will 

have no impact on the aggregate demand, the impact of the increase in 0° 

on intra--marginal owners will reduce the aggregate demand for housing, 

shifting the DD curve to the left. The shift in the RR curve comes 

from the switch by individuals on the margin. In Figure 2c the RD curve 

shifts to the right implying a shift in the RR curve. The result is an 

unambiguous decline in PH with what appear to be potentially ambiguous 

impacts on R, HR, HO, tl and t2' 

Part of the ambiguity can be resolved by considering the horizontal 

shifts in both DD and RR following the increase in owner operating 

costs. Consider first the cb.ange in structu-re prices that would just 

offset the increase in operci:1:ing costs for individuals w-ho are on the 

margin of owning or renting, that is households with marginal tax rate 

t, . Call this change the reference change in structure prices. It is 
,~ 

represented in Figure 4 as point A. It turns out that at the original 

le11eJ. of rents, the horizontal shift in the DD curve is more than this 

reference change and the horizontal shift of the RR curve is less. As 

a result, R, as well as PH' declines. 

Consider first the shift in the DD curve. From inspection of 

equation (1) it is clear that th,,' impact of a change in operating costs 
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on the cost of homemvnership is independent of marginal tax rates while 

the impact of a change in structure prices is not. In particular the 

impact of a change in structure prices on the cost of owning declines 

with increases in the marginal tax rate. Thus, if follmving an increase 

in owner operating costs, structure prices decline just enough so that 

marginal households continue to own, then higher income households will 

find that, on net, their cost of owning has increased. For them, the 

decline in structure prices is not sufficient to offset the impact of 

higher operating costs. These intramarginal households will deerease 

their individual demo.nd for housing, depre3sing the aggregate dema!ld for 

housing. Therefore the decline in structure prices necessary to prevent 

any decrease in the aggregate demand for housing, point B in Figure 4, 

, h h f h' .9 must De greater t an t e re erence c ange ln structure prlces. 

Now consider the shift in the RR curve following the .increase in 

0°. If the decline in structu-:::-e prices equals the reference change, there 

will, by definition, be no shift in the demand curve for rental housing. 

But the decline in structure prices will shift the supply curve for rental housing 

to- the right. Thus t(1e reference change in PH is consistent wtth rental 

market equilibrium only if rents fall. That is the RR curve must pass 

through a point like C to the right of point A. 

Following the shifts in DD and RR the new short run equilibrium 

shows declines in both R and PH' The change in the incidence of home-

o~vnership, that is the change in t
1

, is still ambiguous. If the decline 

90ne can, at this point, ignore possible changes in rental demand be
cause points A and B hold rents constant. As a result, there is no 
change in the demand for housing by intra-marginal renters. At point n, 
there \vill be an increase in the incidence of homeownership, but this 
switch will not affect the aggregate demand for housing. 
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in PH is less than the reference change, t _ increases, that is the 
1. 

incidence of homeownership declines. If the decline in PH is suf-

ficiently greater than the reference change, "II d l' 10 Wl ec lne. The mar-

gina1 landlord-investor marginal tax rate, t
2

, must decrease as long as 

tl does not decrease since existing renters will increase their demand 

for rental housing following the reduction in rents. 

It may appear surprising that rents decline following the increased 

demand for rental housing induced by the increase in owner operating costs. 

But the increased demand for rental housing comes with its own increase in 

supply as those making the switch to renting are simultaneously selling 

their homes. With the increase in operating costs affecting intramarginal 

O\vuers as well, there is a net shift of housing cap:i.taJ. out of the hume-

ownership sector into the rental sector tha:: exceeds the increase in thf-~ 

demand for rental housing. 

An increase in real interest rates, l, affects both the DD and 

RR curves. The increase in i increases the cost of homeownership. re~ 

ducing the aggregate demand for housing because of its impact on intra-

marginal owners; the DD curve shifts to the left. The shift in the RR 

curve comes from shifts in both RD and RS. The shift from owning to 

renting, following the increase in the cost of homeownership, shifts the 

RD curve to the right. The increase in the return on alternative in-

vestments shifts the RS curve to the left. The result is that, at the 

original level of structure prices, equilibrium in the rental market re-

lOS h d" " f' ee t e lSCUSSlon a tne curve in Figure 7 and footnote 13 

for a consideration of factors that affect the incidence of homeownership 
and tlo 
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quires higher rents. As a result the RR curve shifts up. The result 

is an unambiguous short-run decline in PH and some uncertainty about 

the impact on R .and other variables. 

As before, it is useful to compare the horizontal shifts in DD and 

RR to a more common reference. Again consider a reference change defined 

as that change in PH that leaves the buy/rent decision, equation (2), 

unaffected following the increase in i. To consider the shift in the 

RR curve it is useful to first rewrite equations (2) and (6) in terms of 

rates of return. 

(2') 
ljJO 

(6' ) 

From (2'), the reference change in PH' following an increase in i) is 

(9) 

This change in PH would imply no shift in the RD curve. The net 

* horizontal shift in the RR curve, relative to dP
H 

, then deper.ds 

* impact of di and dP 
H 

on the RS curve. 

* From (6') the shift in the RS curve, more or less than dP
H 

' 

depends upon whether 

(10) 
(1 - t 2)(R - OR) * 

(1 - t 2)di + p 2 dPH 
H 

upon the 

is greater or less than zero. If expression (10) is greater (less) than 



-19-

ze-r-o, then the increase in the return on riskless bonds from the increase 

in i exceeds (is less than) the increase in the return on rental housing 

from the reference change in PH. Substituting from (9) for * dP
H 

yields 

If rental operating costs are not less than owner operating costs then ex-

pressio::1 (10) is greater than zero and the RR curve shifts more than 

That is, with no change in R, PH must decline by more than the reference 

change in order that rental housing provide a competitive return. 

As before, the shift in the DD curve depends upon the impact of 

* di and dPH on intramarginal owner-occupants. Some straightforward 

* manipulations show that the impact of di and PH on the cost of 

owner-occupied housing for intramarginal OWIi.ers is 

(11) doee(t) 
di 

If, as is likely, ge > 1jJ0 then the cost of owning increases for intra-

marginal households a::1d the horizontal shift in the DD curve is also 

greater than the reference change in P 11 
H 

The net result of the likely shifts in DD and RR is an ambiguous 

llVillani has argued that the specification of equation (1) should be 

(1') oee = [(1 - t)(i +rr
e 

+ 1jJ0) - ge]P
H 

+ 0°. Mechanically 

the ljio term has been moved inside the parentheses with i + 1T
e

• Villani 

r.!rgues that i + Ire + 1jJo is the relevant nominal int erest rate for risk 
averse consumers or investors. Note that with this specification the risk 
premium is tax deductible for borrowers and taxable to lenders. Using (i), 
the term -1/1° disappears from the numerator of equation (11) and the net 
impact of a change in real interest rates and the reference change in PH 
is to unambiguously incr.ease acc for intra-marginal owners. 
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short-run impact on rents and the stocks of both rent and O\vner occupied 

housing. At the same time, considerations described in Figure 7 and 

footnote 13 suggest a short-run increase in the incidence of homeowner-

ship. The decline in PH' greater than the reference change, tends to 

increase homeownership and a possible decline in rents will not be sufficient 

to offset the impact of the large decline in PH' 

An increase in the rate of expected inflation is assumed to in-

crease both 
e 

7f and 

and 1jJR constant. 

e 
g by the same amount, 

The equal increases in e 
7f 

For the moment, hold 

and 
e 

g imply that, after 

any initial adjustment, all prices, including structure prices, are ex-

pected to increase at the same rate. Note that because of initial adjust-

ments, induced by the change in expectations of inflation, some prices may 

appear to be increasing by more or less than the Tate of inflation. For 

example see Figure 5 where it is assumed that at time t there is a change 

in actual inflation that is fully anticipated. In Figure 5 all prices, 

including structure prices, are assumed to have been rising at some common 

rate up to time t. As shown- below, the expectation of a higher rate of 

inflation will give rise to" 'an instantaneous increase in structure prices, 

the movement froro A to B in Figure 5. After the initial adjustment 

of structure prices, structure prices will continue to rise at the now 

higher, but common rate of inflation. Over any finite period of time, 

say t to t* , it will appear that structure prices have been increasing 

at a rate faster than the rate of inflation. (In Figure 5 the slope of 

the dashed line exceeds the slope of the solid line to the right of point 

L) 

The increase in the expected rate of inflation shifts both the DD 
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and RR curves to the right, unambiguously increasing PH. When consider

ing the DD curve, the incorporation of inflationary expectations into 

nominal interest rates increases the cost of owning but this increase is 

more than offset by the expectations of capital gains. Without consider-

ing impacts on PH' the cost of owning declines, increasing the demand 

for owner-occupied housing by intramarginal owners. As a result structure 

prices or rents must rise in the short run. The DD curve shifts to the right. 

When considering the rental market, the decline in the cost of owning 

associated with the expectation of more rapid inflation shifts the RD curve 

in Figure 2c to the left. At the same time the RS curve is likely 

to ~hift to the right. The net result is that at the initial level of 

PH' rents must fall for rental market equilibrium; that: is the RR t~Ur\fi;;: 

shifts to the right. 

Impacts on the supply of rental housing have been qualified by use of 

"likely" because the expec.tation of more rapid inflation has both negative 

and positive impacts on the returns to rental housing. The increase :in 

nominal returns on other assets makes housing a less attractive investment, 

However> the preferential treatment of capital gains on rental housing ,nore 

than offsets the increase in fully taxable nominal yields. But an increA.se 

in inflationary expectations also lowers the present value of future depre-

elation allo\OlancesTIl<fking the final result theoretically ambiguous. Simula~' 

tions reported by deLeeuw and Ozanne. suggest that the net result 'will be to 

make rental housing a more attractive option, in which case the RS curv~ 

shifts to the right. Specifically deLeeuw and Ozanne find that, following 

an equal change in 
e 

1T and 

increases sorueW'hat (p. 58). 

e 
g , the net present value of a rental project 

__ . The final impact on rents of the change in inflationary expectations 

depends upon which curve, DD or RR, shifts further. Again it is use-

ful to start with the reference change in PH that holds Rand constant. 
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but now following the increase in expected inflation. The change in 
e 

If , 

ge and the associated reference change in PH imply that intramarginal 

owning households will experience a net reduction in their cost of home-

ownership. The net impact of increases in 
e 

7f and 
e 

g reduces ace by 

larger amounts at higher marginal tax rates, and, as noted above, any in-

crease in PH has a smaller impact at higher tax rates. Thus the hor·i-

zontal shift in the DD curve at the original level of R must be more 

than the reference change in PH in order to restrict the demand of in-

tramarginal owners who would otherwise see a decline in thejr ace and 

increase their demand for housing. 

v.bat about the shift in the RR curve? An analysis similar to th8.t 

used above to analyze an increase in real interest rates suggests that the 

horizontal shift in the RR curve relative to the reference change in 

PH will depend upon the sign of 

The term in square brackets is positive, but it is theoretically unclear 

whether it is greater or less than t
2

• The deLeeuw-ozanne simulations 

imply that the horizontal shift in the RR curve is less than the refere~ce 

change in PH' which in turn implies that the term in curly brackets is 

positive. The result is a short run rise in rents. Specifically, deLeemv 

and azanne find that the percentage increase in net present value for their 

rental project with a marginal tax rate of .5 is less than the percentage 

increase in net present value for a homeowner with a marginal tax rate of 

.3 following a simultaneous change in 
e 

7f and 
e 

g (p. 57-58). 

The short run impact on the incidence of homeownership remains un-

clear. Rents are higher, implying an increase in homemmership, but one 

.also needs to take account of the impact of the increase in structure 
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prices. One can determine that there \"ill be a shift towards homeownership 

unless the change in structure prices is sufficiently in excess of the 

reference change that the impact of higher structure prices offsets the 

impact of higher rents. See Figure 7 and its extended comment. 

Cash Flow and Risk Consideration 

Equation (1) implicitly assumes that individuals are concerned only 

wifh- real interest rates and are not affected by cash flow problems. An 

extensive literature on the form of the mortgage contract suggests that 

high nominal mortgage rates that come from the expectation of substantial 

12 inflation may impose significant cash flow problems for borrowers •. In 

this case, even though real 'interest rates may be unchanged, the immediate 

cash flow requirements of high nominal interest rates may depress the 

demand for owner-occupied housing. If this effect is significant, the 

result "'lOuld be a smaller shift in the DD curve following an increase 

in e 
rf as casn flow concerns hold down demand by owner-occupants. If 

cash fl'JW constraints are predominantly a problem for owner-occupants 

rather than landlord-investors, it may be that the shift in the DD curve 

is less than the shift in the RR curve. The net effect would then be 

an increase in a decline in R and an increase in 

Some have argued that increases ::(n -expected inflation may also be 

associated with increased risk. If one allows for a change in lpo along 

with the change in 
e 

1T and e 
g • then the impact of increases in e 

1T 

ge will be moderated by the simultaneous increase in the required risk 

premiUlll. In particular, the shift inLh-e 1JD curve would be less than 

and 

12see for example, Kearl, Poole, Schwab, and Modigliani and Lessard. 
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without the inclusion of the risk term. The final impact on R and PH 

would also depend upon the impact of risk consideration on the decisions 

of landlord-investors. 

LONG RUN 

In the long run version of the model equation (8b) replaces (8a). 

Structure prices are assumed to be held constant in the long run by 

exogenous construction costs. It is the comparison of changes in market 

prices, PH' to construction costs that leads to adjustments in the 

housing stock. Long run equilibrium requires that the stock of houses 

adjust so PH again equals construction costs. 

The assumption of exogenous construction costs implies a horizontal 

long run supply curve for units of housing capital. l\Thile cons is tent 

with earlier research, this characterization of long run supply is .in

consistent with more recent work, in particular vwrk that focuses on the 

capitalization of tax effects in land prices. Nevertheless the assumption 

is used here partly for its analytical simplicity and partly as the 

logically polar alternative to the short run assumption of an unchanged 

stock. 

The substitution of equation (Sb) for (8a) has important implications 

for the structure of the model and the solution strategy. Now the whole 

model can be solved by concentrating o~n Just the reheal market. With 

structure prices held constant by exogenous construction costs, the 

quantity of owner occupied housing is recursive to the rest of the model. 

Formally one can solve the model by the use of Figure 2c which involves 

equations (5), (6) and (7), describing the supply of rental housing, and 
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equations (1), (2) and (4) describing the demand for rental housing. 

Equilibrium in the rental market implies an equilibrium value for t
l

. 

Once tl is determined one can use equation (3) to solve for the stock 

of mroer-occupied housing. Because PH is constant, the cost of m.;rning 

for individuals is also constant, although it still varies inversely with 

marginal tax rates. 

A liberalization in depreciation allowances, an increase in preferen-

tial capital gains taxation or a decrease in rental operating costs will 

shift the rental supply curve in Figure 2c to the right, lowering rents 

p 
and increasing the stock of rental housing. -' The reduction in rents 

induces owners who \-7ere previously at the margin bet,.een renting and owning 

to shift to renting. The tenure shift by households at the margin will 

not affect the aggregate demand for housing, but the decrease in rents 

will affect demand by intramarginal renting households, increasing the 

total housing stock in the long run. 

An increase in the costs of homeownership, shifts the demand 

for rental housing to the ri&ht. In the long run rents rise and the 

stock of rental housing increases. The increase in the rental housing 

13In both the short and long run versions of the model, the shift in 
the ~ curve in Figure 2c determines_ the shift in the RR curve in Figure 
3. In the short run version of the model one must use Figure 3 as the 
change in PH shifts both RS and RD in Figure 

2c. In the long run version of the model there is, by assumption, no change 
in PH and Figure 2c tells the whole story. 

The transition to the long run can be seen in Figure 6. The short 
run_increase in PH' point Y, when contrasted to unchanged construction 
costs, will lead to an increase in the housing stock. The increase in 
the housing stock shifts the DD curve down along the RR curve in 
Figure 6. The DD curve continues to shift as long as there are in
centives to add to the housing stock, that is until PH returns to its 
long run equilibrium level, point Z, given by construction costs. 
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stock implies a reduction in t 2 . Even though rents rise the incidence 

of homeownership falls, that is tl increases. llf Finally there is an 

unambiguous decline in the total housing stock since everyone, owners 

and renters, faces higher housing prices in the new long run equilibrium. 

This long run rise in rents is in contrast to the short run decline 

in rents. The increased demand for rental housing following the increase 

in 0 0 requires new landlord-investors with lower marginal tax rates. 

In the short run these new landlord-investors \ve!:e \villing to supply rental 

housing at lower rents because of the short-run decline in structure 

prices. In the long run, when structure prices return to their long run 

equilibrium level, these new landlords will supply rental housing only if 

rents rise. 

An increase in real interest rates increases rents in the long run. 

The stock of owner-occupied housing declines in the long run as the in-

crease in i coupled 'vith the long run constancy of PH increases the 

cost of housing for all o\VUer-occupants. The long run change in the stock 

of rental housing and the incidence of homeownership are ambiguous as the 

increase in real interes.t rates. shifts the demand curve for rental housing 

to the right and the supply curve to the left. However the total stock 

of housing clearly declines as all consumers, o\VUers and renters, face 

higher housing costs. 

l4The increase in tl can be derived as follows: we know from Figure 
2c that both rents and the. quantity of rental housing increase. Since 
the increase in rents reduces the quantity demanded by intramarginal renters, 
it must be that the number of renters has increased. 

l5The short run decline in structure prices, belm" construction costs, 
induces a reduction in the stock of houses that restores structure prices 
to construction costs in the long run. In a model with physical depreciation 
the reduction could occur by natural attrition. In a model without physical 
depreciation the reduction requires conversion of units of the housing stock 
to nonresidential uses. 
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16 
An increase in inflationar~xpectations lowers rents in the long run. 

With PH constant there is an unambiguous long run decline in the cost 

of mvning at all marginal tax rates. With declines in both Rand OCC(t) 

there is an unambiguous increase in the stock of houses. The long run 

change in the rental housing stock is unclear as the leftward shift in the 

RD curve and the rightward shift in the RS curve have conflicting im-

pacts on the stock of rental housing. It is most likely that the incidence 

of homeownership increases in the long run. As explained in the description 

to Figure 7, the tltl curve can be used to determine the change in the 

incidence of homeownership. If the net" long run equilibrium, follOlving 

an increase in inflationary expectations, is to the northwest of the rele-

vant tItl curve, then the incidence of homemvnership ,.,ill increase in 

the long run. It is likely that the tltl curve is steeper than the 

17 
RR curve. A steeper tltl curve, together with d shift in 

the RR curve letis than the reference change in PH imply an in('rp8s~ 

in the incidence of homeowners hip in the long run. 

16A long run analysis of a change in 
expectations are in fact validated. 

e 
1T implicitly assumes that these 

17 
The slope of the tltl curve can be compared to the slope of the 

RR ...:urve by considering the impact of a change in PH on rental 
market equilibrium. Call the dlange in R necessary to keep L con-
stant the reference change in R. This quantity can be found by .L dif
ferentiating equation (2) and together with the change in PH determines 
the slope of tlt

l
• (See equation "B.6.) An increase in PH shifts both 

the RD and RS curves up. The RD curve shifts up less than the 
reference change in R defined above due to the impact of h*gher rents 
on intramarginal owners. (See equation B.7.) As long as 0 > 0 0

, the 
RS curve also shifts up by less than the reference change. (This result 
can be derived from equation B.lO.) Thus, fo11m.,ing a change in PH' 
rental market equilibrium involves a smaller change in R than that 
necessary to hold tl constant, or the slope of the RR curve js less 
than that of the tltl curve. 
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Conclusion 

The model of housing markets, described above, integrates demand and 

supply decisions about both rental and owner-occupied housing into a 

single model of housing markets. The short and long run impacts of changes 

in a number of exogenous variables are considered with particular attention 

given to a change in inflationary expectations. In the short run, a change 

in inflat ionary expectat ions wi].l unambiguously increase structure prices. 

Following the initial adjustment of structure prices, the change in the 

cost of owner-occupied housing will depend upon an individual's position 

in the income distribution as measured by ma.rginal tax rates. The very 

richest owners are quite likely to see a decline in their cost of hous-Lng 

wldle homeo"mers closer to the buy/rent margin may see an increase. In 

the short run there is pressure for rents to increase and it is likely 

that the incidence of homeownership will increase. In the long run, 

ehe cost of o ... 'Uer-occupied housing must d.ecrease for all homeowners 

following an increase in inflationary expectations as structure prices 

return to their long run equilibrium level given by construction costs. 

Rents will decrease as capital gains form a larger part of a landlord's 

return. The incidence of homeownership will increase. 

The model results are generally consistent with the stylized facts. 

At the same time, the model emphasizes the importance of marginal tax 

rates and distinguishing between the long and short run for a more com

plete understanding of the impact of inflation on owner-occupied and 

rental housing. In the model, the increase in the relative price of 

structures is a short run phenomenon. In the long run, the increase 

in structure prices induces an increase in the stock of houses that 



Appendix A 

Writing down equations (1) to (8) leaves unclear whether 0 < t1 < 1, 

o < t2 < 1, and Because of the complexity 

of the model, it is difficult to derive conditions. solely in terms of 

exogenous variables and parameters, that guarantee these results. The 

following discussion is meant to be suggestive. 

(A.6) 

From equation (6) 

(i + ne)P
H 

- [(R - OR) + (ge - ~R)PH] 

[i + ne]P
H 

-ICR - OR)_ (D - age)p
H

] 

The following conditions are sufficient to establish that 0 < t2 < 1 

and 

a) 

e 
3ATR/at > -(i + n )P

H 

R eRe o < (R - 0 ) + (g - ~ )P
H 

< (i + IT )P
H 

Condition a) insures that the numerator of (A.6) is positive. Condition 

b) insures that the denominator of (A.6) is also positive and greater than 

the numerator. Together a) and b) imply that t2 < 1. Condition b) 

implies that the "good" things about investing in rental housing, depre-

ciation allowances and capital gains, otltweight the "bad", the capital 

gain tax liability and the riskiness. Conditions a) and b) together 

also imply that 
R e e 

R - 0 - (D - ag )P
H 

< (i + 7T )P
H 

lvhich is the condition 
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From equation (2) 

(i + ne)PH - f(R - 0°) + (ge - ~O)PH] 

Ii + ne]P
H 

The following condition is sufficient to establish that 0 < tl < 1. 

Conditions a), b). and c) together with d) are sufficient .to establish 

d) 

As written d) appears too complex for meaningful inte:r-pretation. How-

ever {lote that the second large term on the right hand side of d) is 

the i1.Umerator of tl' which by c) is positive.. If 

(0° - OR)+ (l/J" -. l/JR)P
H 

<: 0, and if l(R·- OR)+ (age - D)P
H

] > 0 then 

t2 ;;. t
l

· The first of these last t~vo conditions says that operating 

costs plus risk premiums for owner occupied housing is not greater than 

for rental housing. The seccnd condition is that average taxable income 

from a unit of rental housing is posttive, where the averaging refers to 

the present value annuity impact of deprec:i_ation allowances. 



Appendix B 

I. The DD Curve 

From equations (3) and (4) 

(B. I) dHO == L 
t>t

l 

h2 

(B.2) dll == L h2 
t<t

l 

From equation (8a) 

Further 

Thus 

(B.3) 

and 

(B.4) dR -- "'-
elF

H 

L 
t>t 

1 
L 

t<t . I 

° aOCC(t)dP ~ d 
ap H+ at tl 

H I 

R 
dR + aH dt 

at
i 

1 

< 0. 

Equation B.4 is the slope of the DD curve. 
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II. The RD Curve 

From equation (2) 

(B.6) 
dR. 

Solving (B.6) for dt l and substituting into (B.2) yields 

(B.7) 

A consideration of the sign of partial derivatives establishes that 

the RD curve has a negative slope and shifts to the right: fo.Llowing an 

increase in PH. 

Ill. The RS Curve 

From equation (6) 

(B.8) oATR(t 2) 
dt 2 + oR dR + 

From equation (7) 

(B.9) 

Substituting for dt
2 

from (B.9) into (B.B) yields 
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(B.lO) 

The total coefficient on dHR is negative. As discussed in Appendix 

A, the sign of the term in brackets is positive and Sl is negative. The 

sign of the coefficient of dP
H 

is negative as long as (R - OR) is 

greater than zero. Then, sinc.e 3ATR(t
2
)/3R > 0, the RS curve has a 

positive slope and shifts to the left followi.ng an increase in PH' 
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Th~ DD curve in Figure 7 is as before. The tIt curve represents com
binations of Rand P that leave t unchangea and hence leave the 
in::idence of homeownersltip unchanged. the CU1:ve has a positive slope as 
higher rents would mean more homeowners hip and a higher PH is necessary 
to leave t, unchanged. Points to the northwest of tltl imply a de
c~ease in El while points to the southeast imply an increase. Follow-
ing the increase in 'lT

e 
and ge, the tltl curve shifts and passes through 

point A, the refe1:ence change in PH. As discussed in the text 
the horizontal shift in the DD CU1~e is greater than the shift from the 
original equilibrium to point A. The short run equilibrium will be some
where along the dashed line, exactly where will be determined by the shift 
in the RR curve.' The incidence of homeownership will rise, twill 
fall, as long as final equilibrium is to the left of point z. 1s seen 
in Figure 7 a short run increase in homeowners hip is correlated with a 
short run increase in rents. A decline in rents in the short run implies 
a short run decrease in homemmership. 
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