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Preface

Almost everywhere in the world housing policies play an important
role 1in government programs. Especially in the industrialized
Western economies housing policy issues are triggered mainly by two

developments:

-~ dgrowing population density and increasing environmental
pollution enforce a systematic planning of regional and urban

development;

- all social groups want to participate in the increasing welfare
of the domestic economies; until today housing policy is
considered an appropriate tool for redistribution and social

policy.

Taxation serves as an important instrument for the realization of
the political objectives mentioned above. Surprisingly, there
exists wide-spread consent (even on the academic side) on the
effectivity of this instrument. However, strictly speaking this
consent concerns only the short run. Long-term effects are usually
ignored. Therefore, there 1is always the inherent risk in these
policies that (supposed) market inefficiencies will not be cured,

but merely carried forward, and possibly amplified.

Moreover, it is characteristic for the political discussion that
there is no consistent notion of what efficient housing and land
markets ought to look like. Generally accepted for example, is the
position that land speculation should be fought whereever possible.
Hardly anyone asks the question whether the holding of building
land will be beneficial to the economy as a whole, and not only to

the speculant.

This book gives such and related questions careful attention. And
although the theoretical framework used in this book only provides
a very simplistic image of the reality, the results to be derived
in the succeeding chapters should give reason for thinking over
some of the well-loved notions about the workings of housing and

land markets.
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|. Introduction

1. MOTIVATION

A central purpose of economics 1is to describe and develop
mechanisms which allocate the scarce resources of an economy to the
production of goods and services in a way that makes the
individuals in that economy as well off as possible. In mixed
economies, resource allocation decisions are taken by the private

and the public sector.

In the succeeding chapters issues of market failure are neglected.
The only activity of the public sector consists in the execution of
a transfer program. In order to undertake such expenditures the
government must acquire resources. Since our main concern is with
the resource allocation effects of public sector activity rather
than with more aggregative issues, we will not consider questions
related to public debt or the creation of new money but concentrate

on tax policies.

Allocation problems arising from the imposition of different sorts
of taxation are well known. In diverting resources to the public
sector these taxes may distort the workings of the market economy
to varying degrees by inducing market agents to make economic
decisions different from those they would have made in a tax~free
economy. It is a goal of this book to describe such tax-induced
distortions for two particular markets - the markets for housing

services and the market for building land.

In that, the analysis of chapters II and III is a positive one: it
tries to explain how various taxes affect the decisions of
individual agents. But the analysis also is a normative one: it
tries to evaluate various forms of taxation from a social point of
view. The Pareto criterion is the measure that allows us to
evaluate the economic performance of a certain tax (system). If one
accepts the notion that a competitive equilibrium satisfies the
requirements of Pareto optimality, all tax induced distortions of
this equilibrium must be associated with deadweight losses. It is
another goal of this book to develop forms of taxation which either
cause no deadweight 1losses, i.e. which are neutral, or at least

reduce deadweight losses incurred in existing tax systems.



Analysis of the taxation of housing and land is neither new nor
rare. On the other hand the theoretical frameworks used to examine
the effects of taxation are very often static ones. And where
dynamic frameworks are chosen [for example in Feldstein (1977) or
Calvo et al. (1979)], 1land can be used for production purposes
only. The model used in this book is dynamic and considers

explicitly that land may also be used as an asset.

The results derived in chapter IITI differ in many ways from these
which determine today's prevailing opinions about tax effects.
Moreover, the model allows, rudimentarily, for an examination of
the interdependency of financing and investment decisions. This
extension of traditional analysis also provides deeper insights,

particularly into the incidence of current income tax laws.

The following section contains a brief description of the model's

institutional framework.

2. A GENERAL FRAMEWORK WITH HOUSING AND VACANT LAND MARKETS

Subject of the subsequent analysis are economic functions involved
in the run of events in housing and land markets. Figure 1 features
these functions as well as the relationships between them. Six
functions are distinguished.

These are carried out by

- construction firms (this term represents all productive sectors

in the economy exclusive of the housing and financial sectors),

- housing investors (or landlords),

- households,
- landowners,

- financial institutions,

- the public sector.
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The construction firms erect and maintain housing units by order
and for account of housing investors (in the following referred to
as landlords). The landlords purchase these construction services,
I, at a per unit price PI. The flow variable I covers the building
material as well as the human 1labor necessary for housing
construction. The construction of new housing units requires,
besides construction services, land. This can be acquired at a per
unit price PB from landowners. In figure 1 the parameter F denotes
the flow of 1land consumed for building purposes in a given period.
One consequence of the functional approach is that building land

will be built upon immediately after its acquisition.



The newly constructed rental accomodation ceteris paribus increases
the existing stock of housing units, H. Each housing unit is
assumed to produce exactly one unit of housing services per period.
The parameter H therefore also measures the supply of housing
services in a given period. Housing services are sold at a per-unit
price m to private households. In addition to housing services
these households consume another consumption good, C, provided by

the construction firms at a price of P, per unit. The good C as

of
well as construction services are produced from capital and

labor, L. The parameter w denotes the going wage rate.

The description of the model's financial sphere is based on the
observation that every enterprise is actually owned by private
households. Because of this households receive firm profits. The
parameter A symbolizes these profit shares (the subindexes H and C
indicate whether these flows come from the housing or the
construction sector). On the other hand households apply a part of
their savings, Sa, to increase the -equity terms of their
enterprises. The parameters QH and QC denote those fractions of
private savings which flow back to firms in form of equity. The
remainder of private savings is offered on the capital market,
where financial intermediaries arrange credit contracts between
households and firms. For the sake of simplicity it is assumed that
the property rights to a unit of building land do not change until
it is sold to a potential landlord. Therefore there is no demand

for credit by landowners.

Thus, the amount Sa - QH - QC is invested in private bonds; as a
result, in a given period the stocks of obligations in the

construction sector, DC’ and in the housing sector, D increase by

HI
SC or SH' respectively.

In every period both sectors must serve their outstanding debt
according to the going interest rate, r. Consequently, in addition
to their labor income, w L, and dividend payments, AH + AC,
households receive interest payments by the amount of r(DH + DC) in

any given period.



A complete description of the households' income also requires the
consideration of transfer payments, 7, coming from the public
sector. In order to finance these payments, the government imposes
and collects taxes in the construction sector (TC), the housing
sector (TH), the land sector (TB), and the sector of private

households (THH).

In chapter III we will confront the tax policy with the requirement
that it must not prevent the economy outlined in figure I from
reaching its welfare optimum. In order to show whether current tax
policies meet this requirement we have to know what the welfare

optimum looks like.

The second theorem of welfare economics* states that the general
equilibrium of a perfectly competitive laissez-faire economy also
represents a welfare optimum since it satisfies the conditions of
Pareto-optimality. Knowing this, the general equilibrium conditions
can be applied to evaluate the effects of particular taxes or

entire tax systems.

At first glance it seems hard, if not impossible, to derive
equilibrium conditions in the context of the model economy sketched
in figure 1. Not less than four intertemporal decision problems
have to be solved simultaneously. However, we can by-pass these

* %
problems by referring to Fisher's separation theorem.

This theorem states that when all agents have perfect foresight,
the output decisions of firms and the consumption and labor-supply
decisions of households can be analyzed independently from each
other. As is shown in Hirshleifer***, Robinson Crusoe's
production plan is independent of his preference system. The
utility maximizing consumption plan only requires that Robinson's
opportunity set is also maximized, given resource endowments and
technology. The latter in turn implies that the market value (or

capital value) of Robinson's enterprise is at its maximum.

*See Lange (1942); the formal proof of this theorem is provided
by Arrow (1951); Malinvaud (1953) proved the existence of the
intertemporal equilibrium generally for a decision problem with
infinite planning horizon; see also Dorfman, Samuelson and Solow
(1958), in particular pp. 310.

**see Fisher (1931), Hirshleifer (1970).
***See Hirshleifer (1970).



We will utilize the separation theorem for our analysis. In what
follows, a partial equilibrium analysis will be carried out,
focusing on housing and (building) land markets without 1loosing
track of the relations between these two sectors and the remaining
components of the economy in figure 1. It is assumed that the
behavior of landlords and landowners can be approximated by the
behaviour of representative agents. Both, the representative
landlord and the representative landowner are assumed to have an
infinite planning horizon as well as perfect foresight, to behave

as perfect competitors, and to act rationally.

The decisions of the representative agents are the results of
individual optimization ©problems. As a consequence of the
functional approach used in this book, landlord and landowner act
solely in the interest of private households. Therefore every
decision they make has to aim at the maximization of the
households' opportunity sets. The separation theorem tells us how
the 1landlord has to plan his housing investment and how the
landowner has to adjust his land supply over time in order to meet

this requirement: the plans of both agents are optimal if (and only

if) the resulting market values of their enterprises are maximized.

Both agents make their decisions independently of each other. The
individual plans are coordinated by market mechanisms. Although
prices are taken as given as far as the individual decision
problems are concerned, they are endogenous, i.e. the results of the
clearing of markets. In addition, since both agents are endowed
with perfect foresight, there is no need for both of them to revise

any decision taken in the past.

3. SUMMARY OF RESULTS

The tax regulations discussed in chapter III are fundamental
inasmuchas they describe the biggest common denominator of the tax
laws currently in force in most of the industrialized Western
economies - at least as far as the taxation of housing and building
land sectors is concerned. The analysis also deals with suggestions
advanced in the recent tax literature on how to amend current tax

laws in order to meet the requirements of efficiency.



The prevailing opinion concerning the taxation of land is strongly
influenced by Ricardo's notion of the impacts of a tax on pure land
rent. According to Ricardo such a tax has no influence on the
relative profitability of land in different uses, i.e. is neutral
[Ricardo (1951)]. One of the first to challenge this view was
Feldstein [Feldstein (1977)]. By introducing land as a third factor
of production into a traditional overlapping-generations model,
Feldstein showed that Ricardo's central assumption about the
elasticity of supply of non-land factors of production might be a
weak one. Taking capital accumulation processes into account,
Feldstein's analysis yields the result that the introduction of a
tax on the pure rent of land induces an intensification of the
accumulation of capital and thus leads to a higher capital-labor
ratio and to a lower net yield on capital and a higher wage rate.
But Feldstein's results as well depend on one crucial assumption:
the decision-maker's extreme disinterest in the well-being of his
descendants. By applying Barro's modification of overlapping-
generation models [Barro (1974)], Ricardo's neutrality theorem can
be restated. Because the agents' planning horizon now is an
infinite one, they anticipate that the present value of tax-induced
additional future transfer payments equals their current
tax-liabilities [Calvo, Kotlikoff, Rodriguez (1979)]. Therefore, in
this world, there is no tax-induced incentive for the
decision-makers to change their before-tax consumption-savings
decision; the tax is fully capitalized in the price of 1land. It
follows straightforwardly that these results also describe the
impact of a tax on the value of land, value defined as the present

value of future rents.

However, the neutrality results derived from traditional general
equilibrium models of the type mentioned above seem to be
predetermined by the chosen model structure. In particular decisive
seems the fact that in general there is only one use of land - land
as a factor of production - and that land is fully employed at
every point of time. Because of the assumed non-existence of vacant
land the rational landowner is deprived at the start of any
opportunity to react to the capital owner's attempt to shift the
burden of the tax. Chapter III shows that the landowner's

reactions to the imposition of a tax on land rent (land value) are
very pronounced if an alternative use of land - land as an asset -
is introduced into a framework with perfect foresight and infinite

planning horizons.



The economic intuition for these reactions is easy to provide. Let
us first consider the incidence of a tax on the rent or the value,
respectively, of vacant land. In a world without taxation the
equilibrium time-path of land supply is the one that generates a
return on the remaining stock of vacant land equal to the return on
other assets; the per-unit price of vacant land has to grow at a
rate equal to the market interest rate [Hotelling (1931)]. If a tax
is levied on the rent (the value) of vacant land, there is an
incentive for the landowner to substitute tax-free assets for the
taxed one. The initial effect of the introduction of the tax
therefore will be an increase in the supply of vacant land which in
turn, given the demand for vacant land, causes a drop in the costs
of building land. These initial distortions also affect the future
development of the vacant land market. The immediate response to
the introduction of the tax causes a reduction in the supply of
building land in future periods. Given the time path of demand this
must result in an increase of the land price's growth rate. As a
matter of fact the new equilibrium requires that the increase in
the price of land is sufficient to cover the increased opportunity
cost of holding vacant land, i.e. interest foregone plus tax

liabilities.

But not only that the tax induces the landowner to alter his plans,
the landlord also deviates from his laissez-faire investement plans
when vacant land is taxed. The initial decrease in the costs of
building land has two effects: first, it induces the landlord to
choose a lower capital intensity for new rental accomodation,

second, because overall investment cost are also lower than in the
tax-free world, it calls forth an intensification of new housing
investment. Moreover, because the landlord anticipates that the
landowner will succeed in partially shifting his tax burden in the
long run in the form of faster rising land prices, his propensity
to invest increases at a lower rate after the tax is imposed. This
in turn causes an acceleration in both the growth of the rental
rate and the house price. Obviously the tax on vacant land is not
neutral inasmuchas it helps the housing sector to a "short-term"
construction boom and generally discriminates against the asset

"real estate" in the long run.



However, the short-term impacts of land taxation are less clear-cut
if one takes into account that the 1landlord's stock of housing
units is also subject to taxation. If the market value (rent) of
the whole housing stock represents the tax base, the tax reduces
the rentability of investment in new rental accomodation and thus
works against the short-term impacts of a tax on vacant land. If
the market value (rent) of only the land included in the stock of
housing units is subject to taxation - in the recent tax literature
such a tax is referred to as "site value" tax - the tax induced
discrimination of housing investment is less distinct; compared to
the previous tax arrangement the "site value" tax results in a
government subsidy on the use of non-land factors of production,
affecting the capital intensity at which building takes place as

well as the volume of new housing investment.

Facing these results, one has to wonder whether there is any method
of taxing 1land that does not affect the 1landowner's or the
landlord's decision problems. Apparently the landowner can always
dodge the tax burden by selling the taxed item and buying tax-free
assets with the released equity. For this reason the analysis of a
tax which covers all interest bearing assets suggests itself.
Provided that the tax rate assessed on the current market values is
the same for all assets, it turns out that at least in our partial
equilibrium framework such a "comprehensive" property tax 1is
neutral. Neither for the landlord nor for the landowner is there an
incentive to respond to the imposition of the tax by changing their
original plans. Both realize that, although they could reduce the

present value of land tax liability by altering investment and sale

plans, the present value of the property tax as a whole would
remain unchanged. Taxes have to be paid on land as well as on other
assets that could be purchased by foregoing housing investment or

advancing the sale of vacant land.

However, since the results stated above are derived by applying
partial equilibrium analysis, they have to be handled with care.
First, a (comprehensive) property tax can be 1levied only on
assessable assets. Human capital would still be tax exempt.
Resulting distortions will be amplified by tax-induced changes in
the households' consumption-savings decisions. A general property

tax lowers the opportunity cost of todays consumption, thus
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hampering the capital accumulation process in an economy [ Sinn
(1985b), Nachtkamp (1986)] .

Another perceivable alternative concerning the taxation of
developed as well as vacant land could consist in the imposition of
a tax on land area independent of its value. It will be shown that
such a "per-unit" 1land tax 1is neutral. The reason for this
neutrality is that the 1landlord succeeds in shifting back his
entire tax burden to the landowner, who in turn does not consider
the alteration of sale plans as a rational response. He realizes
that advancing land sales would not result in a reduction of his
tax burden; because of the properties of the tax base and the
landlord's reaction to the tax the present value of the landowners'
tax payments is independent of when vacant land is sold. The only
result would be a decline of "before-tax" sale revenues since the
new time path of land supply would necessarily deviate from the
revenue-maximizing laissez-faire path. The 1landowner's optimal
strategy therefore is to maintain his initially chosen
intertemporal supply plan, reconciling himself to the burden of the

tax.

Related to the inefficiencies arising from current property tax
regulations are those caused by the present tax treatment of income
from real estate. Similar to the results of the property tax
analysis and 1in accordance with the established income tax
literature [see for example Schanz (1886), Haig (1921), Simons
(1938), Johannson (1961), Canada (1966), Sinn (1985b) ] a
comprehensive income tax is neutral (as long as we stay within the
partial equilibrium context specified above). Since in equilibrium
every asset yields the same rate of return, and since all these
incomes are taxed uniformly, there is no loophole that allows for
tax avoidance. Consequently, the landlord's and landowner's optimal

strategies consist of maintaining their laissez~faire plans.

A comprehensive taxation of income from real estate would require

that

- the landowner has to pay taxes on capital gains at the time they
accrue, and

- that the landlord's income tax base is defined as rental revenues
plus accrued capital gains minus capital 1losses caused by

deterioration minus mortgage interest.
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Even a casual glance on current income tax laws will reveal that
the above requirements are not in the least met. In particular the
treatment of capital gains is far from being satisfying. In all
developed Western economies capital gains are virtually tax exempt.
Nowhere are accrued capital gains subject to taxation, and where a
tax on realized capital gains is levied, the tax is effective only

if these gains exceed a (typically large) allowance.

Although most economists working on the subject agree that the tax
exemption of capital gains is detrimental from an efficiency point
of view, they are sceptical about suggestions on how to cure this
undesirable situation. The taxation of accrued capital gains 1is
usually rejected with a reference to administrative obstacles.
Provisos against the taxation of realized capital gains are based
on the (prevailing) opinion that this would induce the landowner to
postpone the sale of his asset since he now will spot an
opportunity to reduce the present value of his tax payments [see
for example David (1968), Feldstein und Yitzhaki (1978), Boadway
and Kitchen (1984)].

Chapter III provides the formal proof that this popular view is not
valid in general. To see why, consider a landowner who has to
decide whether to sell a given area of vacant land today or
tomorrow. In a general equilibrium context he will be indifferent
between both alternatives. This results because, according to the
Hotelling-rule, vacant land yields the same return as alternative
investments. The landowner would remain indifferent between the two
choices if a tax were levied on the value of vacant land at the
time it is sold: since the tax base grows at a rate that is equal
to the rate of discount, the present value of tax payments 1is
independent of when the sale takes place. A tax on realized capital
gains differs from this sales tax inasmuchas the former is assessed
only on capital gains accumulated between a certain base-period and
the date of sale, 1leaving the base-period price tax-free.
Therefore, the tax on realized capital gains can be interpreted as
a combination of a (neutral) sales tax and a government subsidy on
the sale of vacant land. Since the current value of the
governmental subsidy is constant over time, its present value is
bigger the earlier the sale takes place. These reflections allow

for the conclusion that, provided the asset yields no intermediate
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benefits, there is no "lock-in" effect incurred in the taxation of
realized capital gains. On the contrary, the tax induces an
unambigeous incentive to advance the sale of the asset. In the
general case where the asset "vacant 1land" yields intermediate
benefits, the occurrance of a "lock-in" effect depends on the

relative share of these benefits in the gross rate of return.

However, the intuitive example given above does not explain the
impact of a tax on realized capital gains completely. Subject to
taxation are capital gains realized in the flow of vacant land sold
in a given period; the capital gains accrued in the stock of vacant
land in the same period are still tax exempt. The latter implies
that vacant land in so far is more desirable relative to other
taxable assets. The preferential treatment provides a definite
incentive to postpone the sale of vacant land. It can be shown that
on balance the latter impact predominates, i.e. that current
income tax laws cause a deferral of land development. But it has to
be stressed that this arises because of the exclusion of accrued
capital gains from the tax base rather than from a taxation of

realized capital gains per se.

Another controversial issue in the political discussion on taxation
is the income tax treatment of owner-~occupants. Computed rental
incomes from owner-occupation are in general tax exempt. With the
exception of the U.S. this tax exemption also implies that mortgage
interest payments are not deductible. The tax exemption usually is
defended with allusion to redistributive goals. It will be shown in
chapter III that this rationalization is invalid. At least those
who are serious about the redistribution argument fail to notice
two important points: the influence of the non-deductibility of
interest payments on financing preferences and the interdependency
between financing and investment decisions. Quite obviously the tax
exemption of imputed rental income provides a loophole for income
tax avoidance - provided the 1landlord is able to finance with
equity. The reason for the tax-induced preference for equity
financing is the cost associated with this alternative: compared
to the costs of debt financing, which are proportionate to the
gross market interest rate, the opportunity cost of equity
financing, i.e. interest foregone (which is proportionate to the

market interest rate net of tax), are lower.
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From this it follows straightforwardly that present income tax laws
discriminate against the "poor" landlord, who cannot dispose of
sufficient equity in order to finance his housing investment in the
cheapest way. Only in the U.S., where owner-occupiers are allowed
to deduct mortgage interest payments from other income, does this
discrimination not occcur (however, households without any taxable

income are discriminated against in the U.S. as anywhere else).

Whether the above +tax regulations can be <criticized under
efficiency considerations as well is less clear-cut. They
doubtlessly cause welfare losses to the extent that they violate
the conditions for an intersectoral efficient allocation of the
various factors of production needed to —construct rental
accomodation. On the other hand, the tax exemption of imputed
rental income unambigeously represents a Pareto improvement if
intertemporal distortions caused by a comprehensive income tax are
taken into account. It is well known from the literature on the
subject [for example Meade Committee (1978), Sinn (1985)], that the
taxation of interest income, an important component of a
comprehensive income tax system,drives a wedge between the value of
the net marginal product of capital stock and the households' rate
of time preference. Compared to a Pareto-optimal equilibrium the
households' propensity to save is insufficient, since the
opportunity cost of dissaving decrease due to taxation. It is shown
in chapter III that as a consequence of the tax exemption of
imputed rental income the laissez-faire equality of the net
marginal value product and the rate of time preference may be

reestablished in the sector of owner-occupied housing.

Chapter III also contains a proposal how the tax treatment of
not-imputed rental income could be modified in order to meet the
requirements of intertemporal efficiency. The basic idea for this
proposal is provided in Sinn (1985). It is shown that, if current
income tax laws were amended to the extent that prevailing
periodical depreciation allowances are replaced by the permissiocn
to immediately deduct all expenses related to housing investment
(i.e. expenses for maintenance, construction services, and building
land), the net marginal value product of the entire housing stock

would be equal to the rate of time preference.
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In addition to these more global aspects of the taxation of housing

and building land sectors the analysis of chapter III also focuses

on more detailed issues, for example

- on the proper evaluation of land's share in the overall housing
stock for purposes of site value taxation,

- on misperceptions concerning the economic effects of current
depreciation allowances,

- on whether the income tax treatment of maintenance investment is
satisfying from an efficiency point of view.

Also included in chapter III is a comparison of the most important
features of sales tax regulations in effect in the U.S., Canada,

and West Germany.



ll. The Laissez-Faire Economy and the Condition for an
Efficient Allocation of Housing Capital and Building
Land

The goal of this section is to derive conditions which can help to
describe the efficient allocation. The second theorem of welfare
economics states that these conditions are identical with the rules
according to which in a tax-free economy landlords would plan their
housing investment and landowners would plan the sale of building
land, either one trying to maximize the market wvalue of their
enterprises.

The analysis starts at the point of time to. According to the
decision of a superior planning authority made in t0 there is an
area of
(IT1.1) B(to) >0
homogeneous units of vacant land which can be used for housing
investment only, i.e. this land yields no non-housing benefits.

Moreover, in t as the result of previous investment decisions

0
there is a finite stock of homogeneous housing units

(II.2) H(tO) > 0.

1. THE DECISION PROBLEM OF THE LANDLORD

In the planning period the representative landlord disposes of a
stock of H(to) homogeneous housing units which can be increased by
further investment. Moreover, because of financing decisionsmade
before t0 the landlord has liabilities against the banking sector
to the amount of

(I1.3) Dty 50 .

New housing units can be produced by entrusting the exogenous
construction firm with the erection of a house ready for
(immediate) occupancy in a building lot of Fd square meters. The
building lot was purchased before from the landowners at a price of
PB per square meter. The exogenous construction firm charges the
price PI for each of the service units provided. There exists a
functional relationship between the newly-produced housing units
and the inputs buildings land (Fd), and construction services (I)

(11.4) h = £(1,F9) .,



It is assumed that f is

- strictly guasi-concave,

- homogeneous of degree one,

- characterized by a constant elasticity of substitutionoc= -1.

Given this, (II.4) can be rewritten as

(11.5)  h = e, 1) = o (o).

In what follows, the variable ¢ is referred to as the marginal

capital intensity of land. Consequently, the term ¢ (eg) can be

interpreted as the marginal structural density of housing

investment. In addition it is assumed that the production in (II.5)
is of the putty-clay type - housing investment 1is irreversible.
Therefore, to change the capital intensity of a given building lot
it is necessary to pull down the old building before a new, larger
building can be erected. For the sake of simplicity the demolition
cost are assumed to be prohibitively high. In these circumstances
the landlord has to consider very carefully how much land he should
develop today and which capital intensity he should choose; or even
more whether it would not be better to postpone the development,
meeting a higher future demand for housing services by erecting a
larger building on the same lot at a later point of time. The
economic intuition of this planning problem is provided by the
following example.
Consider a landlord who wishes to acquire vacant land on which to
provide newly constructed rental accomodation. Suppose also that
there will be a once and for all increase in the demand for housing
services in some future period. Knowing this, the 1landlord has
several alternatives concerning the choice of time and density at
which to build. The borderline cases are the following three:

1. to buy the building lot today and build a small structure on
it in accordance with the present demand situation, foregoing
higher future rental receipts;

2. to buy the building 1lot today and build on it a larger
structure with a view to the future demand situation,
accepting the possibility of vacant housing units today;

3. to postpone the purchase of the building 1lot and its
development until the future increase in demand has occured,
thus foregoing the rental receipts he would have otherwise
received as well as avoiding the opportunity cost of housing

investment during this time period.
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A priori it is not clear which one of these alternatives the
landlord will prefer; in the individual case this decision will
depend upon the level of the interest rate, on how soon the demand
change will occur, on the size of the change in the demand for
housing services and on the level of the per-unit rent. But one
statement can be made with certainty:

The greater is the future jump in housing demand, the more likely

it is that alternative three will be chosen, 1i.e. that housing

investment will be postponed.

The assumption about the irreversibility of housing investment is
partially removed by the fact that the housing capital deteriorates
as time goes on. Given that housing capital deteriorates at a

)

*
constant rate § over time ’, the remaining units ht(tO) of a single

housing investment realized in a period t < t, are described by the

0
following equation:

(I1.6)  h(ty) = exp[-Sa(ty-0)]Fd () gle(t)], 0 < a < 1,8 > o.

In (II.6) O represents the production elasticity of construction
services, Using (II.6) and neglecting maintenance investment as
well as modernization investment, the total stock of housing units

available in t0 is
t
(I1.7)  H(ty) = foexp[—éa(to-t)]Fd(t)@[e(t)]dt.

The partial differentiation of (II.7) with respect to time yields
for t = tothemotion equation

. _ d * koK)
(II1.8) H(t)) = F (to)cp[e(to)]-cchH(to).

Obviously the change in the stock of housing units at a given point
of time equals the difference between the newly produced housing
units and the depreciation of +this stock, caused by the
deterioration of housing capital. Because (building) land does not
deteriorate over time, the depreciation rate related to the stock
of housing units is not equal to § but to the product of § and o ,

the production elasticity of construction services.

*
)See Jorgenson (1967).
* %
)Equation (IT.6) can be derived by considering that the
assumptions concerning the construction technology 1imply a
production function of the Cobb-Douglas type.
* % %k .
)In what follows, X stands fq; th first derivative of the
variable X with respect to time and X = X/X for the relative change

of X over time.
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Equation (II.8) does not consider that the landlord principally
always has the opportunity to compensate the 1loss in housing
capital due to deterioration by adequate maintenance investment, or
even overcompensate it by appropriate improvements. The distinction
between maintenance investment and improvement 1is important.
Maintenance investment in principle is reinvestment, for which the
same cost-function holds as for the initial investment - provided
that prices remain constant. If, for example, an old furnace is
replaced by a new, but technically identical one, the cost for the
purchase and the installation of the new equipment should be the
same as for the old equipment. However, if the o0ld heating is
replaced by a new and technically more advanced one, additional
costs will arise because of necessary constructional modifications
at the building. Therefore the cost structure of improvements is
completely different from that of maintenance investment.

Since the consideration of improvement investment would complicate
our analysis greatly without providing any new result, the
existence of this type of investment will be neglected in the
following. The impact of this simplification on the decision
problem of the landlord is that the stock of housing units can be
widened only via new housing investment. With maintenance
investment it is only possible to put already existing housing
units in the state of newly produced housing units. E(t) denotes
the quantity of maintenance investment at time t. Because of the
irreversibility of housing investment and the statements made
above, E (t) at each point of time has to fulfill the restrictions

(II.9a) E(t) > 0, if H(t) < H(E)

max
(II.9b) 0 < E(t) <ad H(t) if H(t) = H(t) .
max
The parameter H(t) stands for the stock of housing units which
would have occurred in period t if either there had been no
depreciation or the worn out housing capital had been replaced
completely in every period. H(t) represents the actual stock of
housing wunits as the result of the actual investment and

maintenance plan.

*
)See Kamien/Schwartz (1981), pp. 215.
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For this reason, motion equation (II.8) must be supplemented. The
modified motion equation for the stock of housing units,

considering the existence of maintenance investment, reads
. __d
(II.10) H(ty) =F (tylele(ty)] - [adH(ty) - E(ty)].

In accordance with the existing literature on housing economics, it
is assumed that every housing unit existing at a given point of
time delivers exactly one unit of housing services at the same
point of time. Therefore H(t) also represents the flow of housing
services produced at time t. These housing services are sold at a
price of m dollars per unit per period to the sector of households,
where m represents the households' marginal willingness to pay
rent. This willingness depends on the supply H of housing services
as well as on the level of demand for housing services; the
parameter a serves as an index for this level. We assume the

functional relationship
(IT.11) m(t) = m =---=

with the partial derivatives m, <0, m, > 0 and a constant absolute
price elasticity

meH
(I1.12) n =

m'.a

= constant > 0.

It is unlikely that the parameter a remains constant over time.
Because of the population growth and the accumulation of personal
wealth from one generation to the other it is plausible to expect
the per-household consumption of housing services to rise. With
regard to this the parameter a is allowed to grow at a constant
rate

(II.13) & = constant > 0

over time. This relationship is illustrated graphically by figure 2.
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m Figure 2

i o A v B

H

The demand for housing services is a decreasing function of the
rental rate m. Under the influence of a continually increasing
demand for housing services, the demand curve gradually shifts to
the right.

In every period t the landlord achieves gross rental revenues of
the value of m(t)H(t) dollars. To obtain the disposable cash flow
of the 1landlord, we have to subtract the expenses for building
land, for construction services, for interest liabilities, and for
the net reduction of loans. This last flow is represented by the
parameter S. Positive values of S are equivalent to an increase in
the landlord's liabilities, D, as well as to an increase in the
cash flow; negative values of S accordingly signal a decrease in

both, his liabilities and his cash flow.



21

There is a limit to the landlord's credit. The banks certainly are
not willing to grant loans which exceed the market value of equity
tied in the stock H. To guarantee that this limit will not be
surpassed, it is sufficient to assume that in each period the net
increase in debt must not exceed the market value of net
investment plus the capital gains accrued in the housing stock H
in this period. Obviously the market value of net investment has to
equal the present value of rental revenues earned by this
investment. Let PH denote the present value of rental revenues
achievable by a single housing unit. Hence the landlord's financing
plan has to fulfill the restriction

(I1.14) S<PH+ P H =P [Foole) - (a8H-E)] + D H.

- H H H H
There is no lower limit for the variable S: Nobody forbids the

landlord to repay his debt or to buy bonds.

Proceeding on the conventions above the amount of money the
landlord can distribute to the representative household in a given
period is

d d
(IT.15) A =mH - E - F ¢ - PBF - rD + S.

In (II.15) the price of construction services, PI, is chosen as
"current" numéraire: at each point of time t (with t, £t <=) P;
equals one.

According to Fisher's separation theorem it is assumed that the
landlord tries to maximize the market value of equity tied in the
stock of housing units. The market value is the most a potential
purchaser would be willing to pay for this stock. This maximum
value apparently depends on the advantages, i.e. the distributions,
related to the possession of the housing stock. Hence, the market
value of the housing stock is equivalent to the sum of present

values of all the actual and future distributions it allows.

The maximum of the market value of equity contained in the stock H
requires that the time paths for the net increase in debt, {S}:o,
for maintenance investment, {E}io, for the capital intensity of
building land, {E}:O, and for land consumption, {F E;are optimal.

This optimization problem can be solved by using optimal control:
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d
s, E, F and € are the control variables, the stock of housing
units, H, and the stock of liabilities, D, are the state variables.

The motion equations corresponding to H and D are

d
(ITI.15) H =TF o¢(eY-0o8H + E

and

(I1.16) D

S.

Before the derivation of the necessary conditions for the
landlord's planning problem can be dealt with, a problem of purely
formal character has to be solved. One condition for the existence
of a solution to the control problem mentioned above requires the
continuity of state and costate variables - jumps in the stock of
housing units as well as in the stock of vacant land are ruled out.
Thus the existence of wvacant land after to would be trivial. Since
it is one goal of this analysis to examine whether the holding of
- the "speculation" with - vacant land may be compatible with the
welfare optimum, it is necessary to allow the possibility that all

vacant land can be built upon at the planning date to.

To solve this problem we apply a formal trick.*) In addition to the
real time an artificial time or "meta time" is introduced. As long
as this meta-time runs, real time stands still. In this way it is
possible to "stretch" a given point of (real) time and thus
transform a discontinuous change in a state variable occurring in
real time into a continuous process. Figure 3 illustrates this
graphically for a jump in the stock of housing units taking place

in t_.
o

*
)See Kamien/Schwartz (1981), pp. 226
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a) Figure 3

b)

1 =t 1

- meta time -’l

As long as the adjustment in the housing stock takes place, rental
revenues are not realized, and depreciation-induced capital losses,
expenses for maintenance, or interest payments do not occur. The
only expenditures incurred in the meta- time period (to,ﬁ*) are
those for building 1land and construction services. Also the
possibility of increases in 1liabilities has to be taken into

*
account during (to,t ). In what follows, the parameter z is used to
indicate these facts. It is

¢

*
0 for t <t <t

(IT.17a) =z =
*
1 for t > t
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A similar problem arises in the context of maintenance investment.
A continuous development of the housing stock would, given the time
path of new housing investment, predetermine the time path of
maintenance investment. A realistical discription of the dynamics
of the market for old structures therefore requires the
consideration of jumps in H triggered by discontinuities in
maintenance plans. Suppose, that in a given point of time tl the
landlord decides to renovate a certain fraction of the quantity of

H(%i§ - H(tl) housing units. To transform the resulting jump in H
into a steady process, the real time will be stopped in tl and the
meta time will be started. When the adjustment process is finished
in t**, meta time stops and real time continues. During the meta
time period (tl’ t**) monetary streams can only be induced either
by maintenance expenditures or by increases in the 1landlord's

indebtedness. This is indicated by the parameter y, with

* %

0 for t; <t <t

(IT1.17b) y = .
* %
1 for t > t

Giving heed to the conventions (II.1l7a) and (II.17b), the

distributed profits in a given period are

(IT1.18) A = yz(mH - rD) - y(Fd €+ PBFd) - zE + S.
Using (II.18), the landlord's decision problem can be described as
follows:
t
(II.19) Max M zle(t)exp[-yzr(t—min(t,t*)]dt
{S,E,Fd,s} i to °

® *
+£ A(t)exp[—yzr(t—min(tyt**)]'exp[-yzrﬁi—t)]du
1

under the constraints

(II.2) H(t)) > 0,
>
(11.3) D(to) z 0,
max

>0 for HH

(I1.9) E '
max
< ofH for H = H

(I1.10) H = yFoo(e) - z(yadH - E),
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ad .
(Ir.14) s < PH[yF o(e) - z(yadH - E)] + PHH,

(II.16) D = s,

0 for t <t < t
o X
(IT.17a) z = '
*
1 for t > t
* %
0 for t, <t <t
(IT.17b) y = ’
* %
1 for t > t
d d
(IT.18) A = yz(mH - rD) - y(F €+ PBF ) - zE + S.

Equation (II.1l9) states the equivalence between the market value of
equity tied in the housing stock and the present value of
distributed earnings generated by the stock. Since the cash flows
must not be discounted during meta time the parameters y and z
appear in the exponent as well. The discount rate is the market
interest rate r, which the landlord takes as given in his decision
problem. For the sake of simplicity the interest rate is assumed to

remain constant over time.

The Hamiltonian corresponding to the control problem in (II.19)

reads
d el
(IT1.20) = yz(mH - rD) - y(F ¢ + PBF ) - zE + S
d
+ PH[yF o(e) - z(yadH - E)]
+ A S.
D

The variable PH serves as shadow price of the housing stock; in the
following P is referred to as house price. The paktameter KD is

the shadow value of the stock of liabilities.

d
The optimal values of the controls S, E, € and F are those which

maximize the value of the Hamiltonian at each point of time.
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1.1 The Optimal Financing Decision

The first step to a solution of the landlord's decision problem is

*
the choice of the optimal financing alternative.

The landlord may finance his investment either with equity or with
credit (equity financing will further on be denoted by the
abreviation FEF, credit financing by CF) or with an arbitrary
combination of both. Equity financing includes financing with
retained profits as well as financing by increasing the quantity of
shares. In this last case, the parameter A in equation (II1.18) has

a negative sign.

To derive the optimal amount of debt financing, the Hamiltonian in
equation (II.20) must be differentiated with respect to S. Because
of the linearity of the Hamiltonian in S the possible solutions are

36 _

(I1.21) =1 +xr |

>
35 : }o = EF {Z} CF.

VI

Using the definition of the shadow value XD, we achieve

M t
H 1 *
(IT.22) A = === = ) -yzr.expl[-yzr(t-t )]dt

D 3D H

o

+ —yzr-exp[—yzr(t—t**)]exp[—yzr(t—t*)]dt
t
1

= -1
The substitution of (II.22) into (II.21) yields

3
(11.23) 22 = 0 = EF ~ CF.
3s

*Unfortunatelv, the recent tax literature often neglects this
close relationship between financing and investment decisions. In
most cases a certain type of financing is assumed without
considering whether this is the optimal, i.e. cheapest,
alternative. This shortcoming frequently 1is the reason for
misjudgements concerning the incidence of capital income taxation.
(see, for example, the discussion of the corporation income tax
incidence in Harberger (1963) and Sinn (1985b)).
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Condition (II.23) states that in a laissez-faire world with perfect

capital markets the optimal financing plan is undeterminate

(provided that S varies within the boundaries defined in (II.14)).

The economic intuition behind this result is straightforward. To
recognize this, one only has to think about the impacts a marginal
change in the financing structure of the housing stock has on the
firm owners' wealth. If one dollar of equity capital is replaced by
a borrowed dollar, there will be an immediate one dollar increase
in the distributions the households receive. Given the market
interest rate, this additional dollar earns r dollars in interest
income in every following period. On the other hand there will be a
reduction in the households' income out of housing investment by
the same amount, induced by an increase in interest liabilities
of r dollar. Hence, the households' pecuniary circumstances remain
unchanged. Realizing these relationships, the landlord is

*
indifferent between the available financing alternatives.

1.2 The Optimal Maintenance Plan

The time path of maintenance investment determines the dynamics of
the stock of old structures. Because of the linearity of equation
(IT.20) in E, the possibility of corner solutions has to be taken
into account. The derivation of the optimal gquantity of maintenance
investment in a given period has to be based on the general
optimality condition
(1104 2K B %3S

oE 9E 3s JE
This 1is because according to (II.1l4) the landlord's credibility

varies directly with E:

3s
(II.25) =-- = zP E.
IE H

*)In the literature the assumption is frequently made that the
charged interest rate increases with the degree of indebtedness. As
is shown by Hellwig (1981), an increase in the interest rate is not
necessarily equivalent to an increase in the effective rate of
interest, i.e. to a decline 1in the attractiveness of debt
financing. See also Modigliani/Miller (1958), Sinn (1985b),
section II.
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But since the 1landlord cannot gain any benefit from this
increase -it is 9¥/3S = 0 - condition (II.24) reduces to
(I1.24)" oo - yz+p (5} 0> E {: ; .

JoE H > = o8H
According to condition (II.24)', the landlord compensates the
depreciation-induced losses in the housing stock only when there is
a guarantee that the cost of maintenance 1is covered by the
additional rental revenues made possible by maintenance. Condition
(II.24)' requires this equivalence for the marginal unit of E: for
t>t* it is yz=1, these are the per-unit cost of maintenance
services. In turn, this marginal unit generates additional rental
revenues worth PH dollars, measured in present values. The
definition of the houseprice PH (the shadow value of the housing
stock) implies

a(to)
M (t ) m[-=-=-
_ o H(t,)
(I1.26) P _(t ) = —=—---- = ez .
H © 9H (t) r + ad

If the house price is less than one, it is not profitable for the
landlord to maintain his housing stock. Maintenance investment
becomes worthwhile at the moment tl where the houseprice equals or
exceeds the value one. Exactly at this moment, a jump in the
housing stock H can be observed, because the landlord now has an
incentive to make up for all the maintenance he failed to carry out

in the past. This discontinuous adjustment from H(tl) to
max *%
H(tl) takes place in the meta time period (tl,t ). If PH exceeds

the value onebeyondtf*,maintenance investment in every period t > tl
is restricted to E = adH. As will be shown later the houseprice
increases exponentially over time. Because it therefore inevitably
will exceed the value one in a near future it is reasonable to
assume PH > 1 (and hence y=1l) for all ¢t, to < t < =». Consequently,

the optimal maintenace plan in a tax-free world reads

*
0 for to <t <t

(II.27) E =
adH for t > £ .
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Within the whole planning horizon (t ,®) all depreciation-induced
O

losses in the housing stock H will be compensated by appropriate

maintenance measures.

1.3 The Optimal New Housing Investment Plan

The optimal decision concerning the construction of new housin
units includes tge optimal <choice o©of the time path of 1lan
consumption, {F }t as well as of the time path of the capita
intensity of 1land, {5}0:__0 . Taking into account the influence ¢
financing decisions on investment plans, we have to proceed fr«

the necessary conditions

0} 23X 3% 3s

(IT.28) — = = = o,
d¢e dc 3s o¢
%6 936 o3 9s
(II.29) - = - 4 - -Z_ ,
d d 39S d
oF oF oF
936 Ry a¥ 3S
(II.30) - —— = —{—— 4 - ___].
d9H dH 39S °H

Because of the financing boundary formulated in (II.14), ¢tk

following partial derivatives hold:

39S d
(IT.31) -- =P F o'(¢g),

d¢e H

39S
(I1.32) -—— =P o(€),

d H

dF

3S .
(I1.33) -—— =-P ab+ P .

oH H H

Investment in new structures and capital gains accrued in the
housing stock raise and capital losses (due to depreciation)
deminish the 1landlord's credibility. In a tax-free world, the
conditions (II.28)-(II.30) can be reduced because of the landlord's
financing indifference, implying 3% /38S = 0. Therefore, since the
production function is assumed to be strictly quasi-concave, the

necessary condition for the optimal capital intensity is
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3 ! d d

(I1.34) ~~=0=-F +FP o'(g),
3 H

from which

(II1.35) P o'(g) =1
H

follows straightforwardly. Condition (II.35) requires that in the

optimum the margianal value product of construction services has to

equal the price of the marginal service unit.

da
Since the Hamiltonian in (II.20) is linear with respect to F , we

obtain the following optimality condition for land consumption:

} o

< d
(11.36) P o(e) - e {_}p_ = F {
H = B

v

Condition (II.36) states that it depends on the difference between
)

*
the marginal value product of land
P

and the per-unit price of land,

B’ in a given period whether there will be land transactions (and

therefore construction activities) in this period. Since the

marginal wvalue product of land is equivalent to the 1landlord's
marginal willingness to pay for land, sales of building land will

occur in real time only when both terms are equal.

In (II.36), the case BK/BFd > 0 is ruled out. The reason is that
this case is not compatible with the optimal solution for the
Hamiltonian. As long as the marginal value product of land exceeds
the price of land, there will be an unlimited incentive for the
landlord to buy vacant land and build on it.

Condition (II.36) can be simplified; wusing the fact that the
production function in (II.5) boasts constant partial production
elasticities, the partial production elasticity of capital is:
(IT.38) O = ————- € = constant > 0.

*)

Considering condition (II.35) it is

]

d d a I
B[PHF ole)]/oF PH(p(g) - PHF ® (E)[__a__]

1

PHw(E) - PH¢'(€)€

|
®

PHcp(E)
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Using the parameter B to denote the production elasticity of land
and referring to the assumption that the production function is
homogeneous of degree one, (II.36) can be rewritten in regard to
(I1.35) as

<

e = F° {} o

8
(II.38) - e { 5 >

Condition (II.38) contains a crucial implication for further
analysis: the choice of the capital intensity of land depends on
the relation between the price of 1land and the price of
construction services (PI is used as numéraire) as well as on the
ratio of the production elasticities. But, since o and B are
assumed to be constant, the dynamic development of € only depends

on the dynamic behaviour of the price ratio PB.

The third necessary condition for the construction optimum is

(T1.39) - %@ = ﬁ -2YP = —-z(m - 08P ).
dH H H H

Rearranging terms and referring to the definition of the meta-time
variable z yields the equilibrium growth rate of the house price:

II.40 P
( a) H

It
(=]

r

*
for to <t <t

(II.40b) P
H

m *
-5 + r + ad for t > t .
H

Equation (40b) is the familiar condition for an intertemporal
arbitrage equilibrium: the value of assets tied in the housing
sector is the optimal when the last dollar invested in a structure
earns the same (net) return the alternative investment in bonds
would have earned. The (net) return on the marginal housing
g , Plus the
capital gain, PH' and less the depreciation induced capital loss,

investment is equal to the pecuniary rate of return,

08, of the housing unit financed with the marginal dollar. Solving
(II.40b) for m/PH yields the well known user-cost-of-capital
formula.
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Condition (40a) requires the house price to remain constant during
the meta-time period (to, t*). Otherwise the conditions (II.40a)
and (II.40b) could not describe an equilibrium; for example,

if gH(t)>0' tO§t<t*, it would be wortEwhile for the households to
readjust their portfolio during (to, t ) in favour of real estate,
because wealth tied in bonds by definition does not earn interest
during this period.

Finally, the optimal investment decision has to £fulfill the

transversality condition

(IT1.43) 1lim [P (t)H(t)exp(—r(t—to>)] = 0.
H

t >0

2. THE DECISION PROBLEM OF THE LANDOWNER

In the previous section the 1landlord's decision problem is
described under the assumption that the decision concerning the
supply of buildung 1land has already been made. This section

describes the economic factors that influence this decision.

Since vacant land by assumption yields no intermediate benefits,

the sale of vacant land is the landowner's sole source of revenue.

In accordance with the separation theorem, the landowner chooses
[ee)

S
the time path of land supply, {F }to , that maximizes the present

value of land sale revenues. Since the landowner by assumption is a
perfect competitor, taking the market price PB as given in his

decision problem, the present value MB of sale revenues is

2 S *
(I1.44) M (t) =[P (£)F (t)expl-zr(t-t )]adt.
B © to B

The solution to this problem can be obtained by applying optimal
control. The stock of vacant land, B, is the state variable and the
supply of vacant 1land, FS, the control variable. Since housing
investment is irreversible and demolition costs are prohibitively

high, the stock B follows the motion equation

(IT.45) B = ~F , F > 0.
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The algebraical description of the landowner's decision problem is

(IT1.46) Max M (t )
S B o
{F}

under the constraints

(I1.1) B(t ) > o0,
o
*
0 for t <t <t
(II.17) z = ’
*
1 for t > t
. S
(IT.45) B = -F .

The corresponding Hamiltonian reads

(11.47) =P F -A F .
B B

In (II.47) the parameter XB represents the shadow price of the
stock of vacant land. The necessary conditions for an optimum can
be derived by partially differentiating the Hamiltonian with
respect to F and B, considering the canonical equation for B. These
operations yield in the case of an interior solution for F

II.48 A =P
( ) B B’

(I1.49) A - zra_ = 0.
B B
The substitution of equation (II.48) into equation (II.49) results

in the following optimality conditions:

(I1.50a) P
B

I
o

*
for t, Lt <ty

*
for t > t .

n
(o

(I1.50b) P
B

Condition (II.50a) is the counterpart to equation (II.40a) in the
landlord's decision problem, requiring the constancy of the land

price during the metas=time period.

The more interesting condition is condition (II.50b). It requires

that in an equilibrium situation in which transactions of vacant
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land occur the land price has to grow at a rate equal to the market

interest rate. Condition (IT1.50) features the well-known

*)

Hotelling-rule for the depletion of exhaustible resources.

The economic background of this rule is easy to describe. As is
known from the decision problem in section II.l., it perhaps may be
beneficial to the landlord to postpone the purchase and development
of building land in order to match a higher future demand for
housing services. Obviously the realization of this plan resumes
the landowner's willingness to keep the required building land in
his stock B until it is needed. But even obvious this willingness
depends on whether the landlord himself is willing to compensate
the landowner for all opportunity cost, i.e. forgone interest,
incurred in the holding of vacant land. The landlord's marginal
willingness to pay for land has to grow at least at the rate r in
order to make land "speculation" profitable. If the landlord's
willingness to pay grows at a lower rate than r--for example
because the expectations about the future demand situation in the
rental market are rather pessimistic--it is rational for the
landowner to sell his whole stock of vacant land immediately and to
invest the sale receipts in the capital market at the going
interest rate r. However, if the percentage increase 1in the
willingness to pay is higher than the interest rate--for example,
because the expectations about the future demand for housing
services are optimistic-~the most profitable strategy now is to
postpone any sale of vacant land to a future period where condition
(II.50b) again holds. These reflections allow for the following

proposition: In a laissez-faire world transactions of vacant land

as well as construction activities can be observed only at such

(real) points of time where the market price of vacant land grows

at a rate equal to the market interest rate.

The third necessary condition for the existence of a solution to

the landowner's decision problem is the transversality condition

(IT.51) 1im {P_(t)B(t)exp [ -r(t-t )1} = 0.
t > B o

*
)see Hotelling (1931).
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3. CONDITIONS FOR THE MARKET EQUILIBRIUM - FEATURES OF A PARETO-
OPTIMAL ALLOCATION

The results described in the preceding sections allow for the
formulation of conditions characterizing the equilibria in the
rental market, the market for housing construction and the building
land market. According to the second theorem of welfare economics,
these conditions together are necessary conditions for the
existence of a welfare optimum.

As mentioned earlier, the time paths of the rental rate, {m} and

£ !
the land price, {PB}: , are endogeneous variables that adjusg such
that the plans of alloagents are compatible at every single point
of time. In analytical terms this compatibility is guarenteed if
the optimality conditions for the individual decision problems are
fulfilled simultaneously and the markets in question are cleared at

every single point of time.

In particular, this implies that the demand for housing services
*
has to meet the supply of such services for all te (t ,*), i.e.

a
(I1.52) m = m(=),
H
*
that the market for vacant land is cleared for all te (t ,®), i.e.
4a
(II.53) F =F =F,

and that the succeeding conditions are fulfilled simultaneously:

> =0
(11.54) z {=} P = E{ >0 for t > t

< H = adH - °

* *
(IT.55) € =€ for F > 0 and t > t ,

*
where € is implicitly defined through

(II.56) P o'(e") =1 for t > t_,
H - O

* (<
¥ {=} PB=->F{2}0 for t 2 tg,

Rlwm

(IT.57)
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- m *
(I1.58) P = - —-- + r + 0§ for t > t.,

H P -

H

-~ -~ *
(II.59) P =P =0 for t_ < t < t,

H B o =

-~ *
(IT.60) PB =r for t > t ,

(IT.61) 1lim {Px(t)X(t)exp[—zr(t—to)]} =0, X = H, B.

t>

In regard of the dynamic objective of this analysis it is important
to know that conditions (II.52) - (II.61l) do not merely describe a
family of static equilibria, but implicitly also the intertemporal
equilibrium trajectory of the model economy. It 1is the dynamic
behaviour of the demand for housing services that is responsible

for the ecornomy's advance on this path.

4. MODEL DYNAMICS

The growth in the demand for housing services has a direct impact
on the rental rate, m, and the house price, P _. Differentiating
(IT.26) with respect to time and dividing this partial differential
by PH, we obtain

- a-H
(I1.62) P = —-- .
H n

In (II.62) n denotes the numerical value of the price elasticity of
demand for housing services. As is stated by (II.62) the percentage
change of the rental rate or the houseprice, respectively, is a
direct function of the relative change between the demand for and

the supply of housing services.

Equation (II.62) also implies that there is an upper boundary for
the percentage change of the house price over time. Given the
assumptions concerning the irreversibility of housing investment
and the value of PH (PH > 1, implying E = adH), Ehis boundary is
reached when there are no construction activities (H = 0), i.e. when
the market clearing can be achieved by a rise in the rental rate

only. Hence, the maximum growth rate of the house price is
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¥

“max
(II.63) P =
H

o B )

According to optimality condition (II.56) the rise in the demand
for housing services also influences the choice of the capital
intensity of land. Referring to the assumption that the production
function in (II.5) is characterized by a constant elasticity of
substitution © = -1, and applying some straightforward calculations
in (II.56), we obtain’

(I1.64) P = BRe.
H

Equation (II.64) states that the capital-intensity of land grows in
proportion to the house price, but (because of 0 < B < 1) at a

higher rate.

Similarly, increasing revenues have an impact on the landlord's
marginal willingness to pay for building land. From condition
(IT.56) it follows that in equilibrium the marginal willingness to
pay grows at the same rate as the price of land does, implying

(I1.65) € =P .
B
As a consequence of the relationships stated in equations (II.63)

and (II.64), there also has to be an upper boundary for e:

(1I1.66) € = ;]'B‘.

However, it is by no means sufficient to show the impact of the
demand for housing services on the landlord's investment decision
if one wants to describe the dynamics of the stock of housing units
and the stock of vacant 1land. Decisive for the intertemporal
development of these stocks as well 1is whether the landowner
intends to support the landlord's investment plans by an

appropriate planing of his land sales.

*
)Because of 0 = -1 the elasticity of ¢' with respect to € is
identical to the production elasticity of land:
(i) 8= -[o"(e)/ (o' (e)]e.
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Consider a scenario where in the planning period to’ the marginal
value product of 1land equals the desired land price PB. Suppose
also that there will be only slight future increases in the demand
for housing services, so that even in the case where there are no
construction activities (i.e. ﬁ =0) the marginal willingness to pay
for land grows_at a rate which does not exceed the market interest
rate. Because €= Emax < PB = r holds and because of equations
(II.65) and (II.66), the growth in demand then fulfills the
restriction

(I1.67) a < nBPB = nfr.

In this situation there is no incentive for the landowner to offer
building land beyond to' since in no period after to the realizable
land price would be sufficient to cover the opportunity cost
incurred in the holding of land. Given (II.67) the optimal selling
plan obviously requires that all vacant land available in the
planning period has to be sold in that period. In terms of our
analysis, the stock B(to) of vacant land will be sold and built
upon wiﬁh the capital intensity e(to) during the meta-time period
(to, t ) - an event, that in real time can be interpreted as a

short-run construction boom. After to there won't be any

construction activities. The semi-logarithmic graph in figure 4

illustrates these relationships graphically.
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Figure 4
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The curves l-n(PB) and ln(Se) describe the development of the land
price and the marginal value product of 1land, respectively, with
respect to time. According to condition (II.59) and the assumed
scenario, both curves have a zero slope and coincide during the
meta-time period. Hence, during (to,t*) condition (II.57) holds
with equality, implying land transactions as well as construction
activities within this period. After the end of meta time both
curves branch off for a < nfr, implying that the marginal
willingness to pay falls short of the cost covering land price for

the rest of the planning period. And even in the case, where
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max
a = nNBr and hence ¢ = PB holds, there will be no land

*
transactions and construction activities beyond t . To see this,

*
suppose investment in new housing units occurs after t . Then,

- max
because of H >0, €< ¢ = PB would hold, implying ge < PB and F=0,

an obvious contradiction to the initial assumption.

The statement that all vacant land will be built upon during the
meta-time period is confirmed by the model's solution: if only a
part of the stock B(to) were built upon duriig (to, t*) then, since
there are no sales of wvacant land after t ’ %ig B(t) > 0 would
hold. Because the Hotelling rule requires PB = r, the trans-
versality condition (II.61) could be fulfilled only if PB (to) = 0.
On the other hand the house price PH(tO) is bigger than zero
because the quantity of housing units H(to) is finite. As can be
seen from conditions (II.56) and (II.57), a positive house price
implies a strictly positive marginal value product of land.
Therefore, %}g B(t) > 0 is only compatible with a scenario in which
the willingness to pay for land initially exceeds the price of
land. As was shown earlier, such a constellation violates the
existence condition for a solution to the 1landlord's decision

problem.

*
Beyond t sales of vacant land and construction activities only
occur if the growth rate of the demand for housing services
satisfies the condition

(IT.68) a > nBPB =nfr,

implying ;max > ;B' In this case the time paths of the desired land
price PB and the marginal value product of land coincide over the
whole planning horizon (to,m). This coincidence is required by the
optimality conditions (II.52)-(II.61). The situation, where the
path for the marginal value product of land runs above the path of
the land price can be excluded; otherwise conditions (II.52)-(II.61)
could not describe the maximum of the Hamiltonian in (II.20).
Equally impossible is that the ln(%e) path is located below the
o

B “ma

< <
suspended; from H= 0 it follows that €= € > P B = r: even the

slightest downward deviation of the 1n(§€) path would be corrected

lnPB path; otherwise, since € < PB all land transactions would be

immediately by an acceleration in the growth of the marginal value

product of land.
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The coincidence of both paths implies that in each period after t*
vacant land will exist, i.e. that the stock of vacant land, B, will
not be exhausted in finite time. This conclusion can be proven by
using the optimality conditions in section II.3. Suppose it is
optimal to develop the whole stock B until a period t**, with
t* < t** < ®. Consequently the stock of hogsigg unit§ would remain
constant after t**. Fr0ﬁ51=0 follows that e= em * > PB = r. Thus
in each period beyond t the marginal value product of land would
exceed the price PB of land, again violating the conditions for the

existence of an optimal solution.

The previous arguments refer to a situation in which initially the
marginal willingness to pay for land equals the desired price of
land. This assumption is arbitrary. The situation in which the
marginal willingness to pay falls short of the demand price is just
as likely to occur. In this situation as well, the answer to the
question whether or not vacant land will exist beyond t* depends on

the development of the demand for housing services.

At first glance one is tempted to assume that in a situation in
which the landlord is not willing to pay the demanded land price
the sale of land is out of question. But this impression is wrong.
If the demand for housing services increases relative slightly at a
rate

(II.67) a < nBr,

the landlord's most profitable strategy always is to sell the whole
stock of vacant land in the planning period at the price

_ B
(I1.69) PB(to) = aE(to) < PB(to)
instead of postponing the sale: the longer the salé is postponed,
the bigger the difference will be between the cost-covering price

PB and the realizable price PB. This is shown in figure 5a.
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Figure 5 a
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As in the case of figure 4 transactions of vacant land and hence

construction activities occur in the meta-time period only. Again,
*

housing investment beyond t is restricted to maintenance

investment.

Obviously the condition a > nBr is once more a necessary condition’
for the existence of vacant land beyond t*. The landowner refuses
to sell his whole stock B if*to 3ply if he has reason to assume
that in some future period t > t the landlord is willing to pay
the price PB(t**) = PB(t*)exp[r(t**—t*)] for each unit of vacant
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land. Figure 5b features the conditions for the occurrence of such
a situation. According to condition (II.59) during the meta-time
period the paths for the land price and the marginal willingness to
pay for land can be described by horizontal lines, whereby the lnPB
path by assumption lies above the hﬂ%e) - path. The condition
for both paths to meet in finite time is that during a transition
period (t*, t**) the hﬁ%e) - path boasts a steeper slope than the
InP_ =~ path. Since there are no construction activities during
(t*,t**), the growth rate of the margina} vglue pfoduct then adopts
its maximum value. From the requirement €= emax> PB = r it follows
that the demand for housing services has to grow at a rate

satisfying
(I1.68) a > nBPB = nfr.

* %
In figure 5b both paths meet in t , after which they coincide for

the rest of the planning period.

Figure 5 b
|
In PB
ln<%e> PB= r

-

- P g

=
-
-

meta time transition period
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The assertion that a deviation between both paths will not occur
after t** can be proven by applying the same formal steps used in
commenting on figure 4. In equilibrium land supply and land demand
adjust such that the landlord in each period after t** is willing
to pay the desired price PB. Hence, land transactions as well ii
construction activities will be observable in each period after t ,
implying once more that the stock of wvacant land will not be
exhausted in finite time. This last conclusion is confirmed by
optimality conditions (IT.56), (II.57) and (II.61).

We can summarize the prevailing discussion concerning the dynamics

of the laissez-faire economy as follows:

Permanent increases in the stock of housing units require a

sufficiently fast rising demand for housing services. The

borderline growth rate that just fails to satisfy this requirement

is determined by the product of the absolute price elasticity of

rental demand, n, the land share in construction cost, B8, and the

opportunity cost of holding vacant land, r. After a possible

transition period, the pareto-optimal trajectory of the

laissez-faire economy is characterized by a continuous increase in

the housing stock, H, the house price, P , the rental rate, m, the
H

land price, P_, and the capital intensity of land, €. The stock of
i=]

vacant land shrinks steadily over time, but will never be exhausted

in finite time.

These preliminary results provide a first criterion for the
evaluation of actual housing policies. At least in the case of a
relatively fast increasing demand for housing services, a policy:
urging for a fast development of vacant land would be suboptimal.
For the decision whether the owners of vacant 1land should be
induced by government intervention to provide more building land
than they previously did, expectations about the future rental

demand ought to be as important as the present demand conditions.

For the further analysis the case of a relatively slow increasing
demand for housing services is of minor interest. In what follows
an economy is dealt with in which the growth of rental demand
satisfies condition (II.68). This implies that at least after a
possible transition period the conditions for the &é&éurrence of

permanent construction activities
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B .-
(I1.70) 5 € PB'
and
(I1.71) € =P
B
also hold.

Substituting (II.71) into (II.62) and considering (II.64) yields
the equilibrium growth rate for the stock of housing units:

(I1.72) H = a - HBPB = constant > 0.

Equation (II.72) confirms that there will be investment in new
housing only if the demand for rental accomodation grows at some

minimum rate a > nBPB.

Equation (II.72) also allows for conclusions concerning the
dynamics of the stock of vacant land. Because of the constancy
stated in equation (II.72), the equality é =§ follows straightfor-
wardly. Furthermore, the price of a housing unit, PH, by assumption
exceeds the cost of one maintenance service unit, implying that the
worn out housing capital will be replaced instantly and completely

*
in each period beyond t . Therefore it follows from motion equation

(II.10) H = Fo(e) - z(adH - E)

that the housing stock, H, grows at a rate

e )
It
<
+
L)
1
=3
m
+
=

(II.73) H =

The substitution of (II.73) into (II.72) results in the growth rate

for vacant land consumption:

= - *
(II.74) F = a - PB(nB + a) = constant < 0 ) .

*

)That the consumption of vacant land decreases over time can
be proven by using the transversality condition for the state
variable H. Condition (II.61) requires

-

i H+ P - < 0.
(1) i r

Substituting (i) into (II.72) and considering the Hotelling-rule
stated in (II.60), one obtains the negative sign for the
parameter F.
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Considering dF/dB = F/B, it follows from the motion equation of the
stock of vacant land that

(I1.75) =--=--=F > 0.
dB F

According to (II.75) land consumption is a linear function of the
stock of vacant land, describable by the general equation F = bl-l-b2
with bl’ b2 = constant, b2 > 0. But it turns out that in the
> 0 would imply that the
1 < 0 would
require that a part of the stock of vacant land will never be

general equation b1 = 0 has to hold: bl

stock of vacant land will be depleted in finite time, b

developed. As was shown earlier both cases violate the existence
condition for a solution to the planning problems discussed in the

previous sections.

From bl = 0 it follows that

|
il
jos)

or

(II.76) B = a - PB(HB + a)

constant < O.

The equations(II.72) and (II.76) can be used for the derivation of
common trajectories of the state variables H and B. In a (H,B)-
plane both equations describe a family of rectangular hyperbolas
with the slope

H{a - nBP_]
dH B
(IT.77) == =T = = —cm e e < 0.
dB .
B Bla - (nB+a)PB]

In the right quadrant of figure 6 the hyperbolas AA, CC, DD and EE

are four representatives of this family.
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Figure 6
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In real time housing stock and vacant land stock must move along
one of these curves as long as investment in new housing units
occurs. Which one of these hyperbolas is the relevant one depends
upon the initial situation [H(to), B(to)]; in figure 6 this is
hyperbola CC. Point F 1is the graphical starting point of the

analysis.

w
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If in the planning peﬁodtb the marginal willingness to pay for land,
SE’ falls short of the desired land price, PB, then, according to
the previous reflections, there will be no land transactions during
a transition period (t*, t**), implying H = 0 in this period.
Therefore, the system remains at point F during this period and
moves along the curve CC beyond t**, the direction of the movement
indicated by arrows. The decreasing slope of the trajectory also
provides information about the change in the marginal capital
intensity of land over time. From (II.10) and (II.45) and because
of E = adH one derives

dH

(r1.78) -- =
dB

= - @(g).

e § i

The steeper the equilibrium trajectory, i.e. the smaller the
remaining stock of vacant land, the bigger are the houses built

upon a building lot of given size.

But there is no guarantee that the system always evolves along the
isoelastic path CC. If in the planning period tO the marginal value
product of land equals the desired price of land, there will be
construction activities during the meta-time period (to,t*) as
well; this is shown in figure 4. Expressed in real time there is a
discontinuous adjustment of the stocks H and B. To illustrate these
jumps graphically we have to refer to equation (II.78) as well as
to the determinants of the variable € and their dynamic behaviour
during (to,t*). As is stated in condition (II.57), the landlord's
choice of the marginal capital intensity is contingent on the
price ratio PB. And condition (II.59) states that this ratio does‘
not change its value as 1long as the meta time runs. Therefore
neither the marginal capital intensity nor the marginal structural
density, o(e€), change their values during (to,t*). Consequently,
the common meta-time trajectory of the stocks H and B can be
described by a negatively sloped straight line, starting in point F;
this results from equation (II.78). In figure 6, the 1line FF
illustrates the jump in the state variables H and B occuring in the
planning period. The slope of FF is equal to the tangens of the
angle o, with tan a = —m[eo(to)]. Moreover, the duration of the
meta-time period can be gathered from figure 6. Considering that in
an optimal control problem the continuity of state variables and

co-state variables is required, the meta-time period expires
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exactly at that point where the meta-time trajectory is tangential
to another rectangular hyperbola. In the diagram of figure 6 point G
is such a tangential point. Expressed in real time the system jumps
from the initial state *[H(to)’B(to)] into the state {H(t*),B(t*)]
and will evolve beyond t as 1is indicated by the path GD.

The graphical operation described above for a certain value of the
marginal capital intensity of 1land, EO(tOL can be applied to the
whole continuity of possible values for the variable € [in figure 6
this is outlined for a value El(to) > Eo(to), implying tang =
—w&l(q9]< tano] . If one derives for every possible value of ¢ the
corresponding tangential point and depicts these points one finds
the curve FT in the right quadrant of figure 6. This curve is
the geometrical 1locus of all possible situations resulting from
jumps in the state variables in the planning period to. In what

follows, the curve FT will be referred to as tangency curve.

Which point on the tangency curve will be sighted by a ray
emanating from point F depends on the price ratio PB(to); the value
of this price ratio again depends on the 1landlord's marginal
willingness to pay for land, which in its turn will be higher the
more advantageous the current situation in the rental market. The
correlation between the actual demand for housing services and the
actual propensity to invest in new housing units is described in
the left quadrant of figure 6. The abscissa represents the house
price occurring in period t*(zto). The curve A indicites the stock
of housing units the landlord is willing to hold in t at different
levels for PH(t*). According to the homogeneity assumption made in
section 2, the curve A can also be interpreted as the supply curve
for housing services. This curve can be derived algebraically by
noting that a movement up the tangency curve increases both the
marginal structural density @[e(t*)] and the housing stock in which
the initial building activity results. This allows for the

formulation of the following functional relationship:
* *
(IT.79) H(t ) = ole(e(t))], @' > 0.
Substituting the inverse of efficiency condition (II.56) into

(IT1.79) yields the desired relation between house price and optimal

housing stock:
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S
(I1.80) H(t) = ¢{ol¢’ (l/PH(t*))]}.

*
A straightforward calculation proves that H(t ) increases with
*
PH(t ), i.e.

(Ir.81) ------- > 0.

Equation (II.81) states that the higher the present value of rental
receipts, the stronger the incentive for the landlord to provide
(additional) housing services. As can be seen from figure 6, the
supply curve has a lower bound, indicated by point J: owing to the
assumptions that housing investment is irreversible and that the
house price exceeds the cost of maintenance, the stock of housing
units (the supply of housing services) cannot fall below its
initial level H(to). It is also worth noting that, given t*, the
functional relationship in (II.80) does not depend on t. The supply
curve will not change its position when real time elapses, provided

that there are no unanticipated changes in the planning data.

In figure 6 the optimal stock of housing wunits H(t*) is derived
from the intersection point between the supply curve described
above and a demand curve, labelled N, for housing services. This
demand curve is an alternative version of the graph of optimality
condition

a
m(-)
- H
(II.57) P = = === + r + aS.
H P
H

Considering, that from (II.64) and (II.65) it follows

(11.82) P_ = BP_,
H B

equation (II.57) can be rearranged to

a(t) a(t)
83) P (t aee) aee) R > ¢
(I1.83) H(t ) = mmmmmmm— = zi:éy;las or all t > t .
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Equation (II.83) describes the marginal willingness of a potential
house purchaser to pay for one unit of housing stock at different
levels of this stock. And because PH is directly related to the
household's marginal willingness to pay, the curve N also provides
information about the consumption behaviour of households. Holding
parameter a constant and considering mH < 0, it is easy to show
that the slope of this curve has to be negative. Note that the
demand curve has a stable position for a given point in time, but
because of the growth in the parameter a it is gradually drifting
to the 1left as real time goes by. Nevertheless, equation (83)
defines the position of the demand curve uniquely for all t > t*.
It is particularly important to identify this position for the
real-time starting point to(Et*). The left quadrant of figure 6

features two fundamentally different cases:

- Suppose the demand curve N(ao) represents the demand situation
prevailing in to’ implying that the households are not willing to
consume the existing supply of housing services at the going rental
rate. Because of the irreversibility of housing investment the
landlord has only two alternatives--to leave a part of his housing
stock vacant or to rent out the whole housing stock at a lower,
market-clearing rate. Facing these options his willingness to
invest in new housing units is low. In particular he is not willing
to pay the desired 1land price PB(tO). Since the 1landowner in
knowledge of the future demand for housing services on his turn
will not agree on price cuts, this leads to a transitory suspension
of construction activities. The transition period lasts until the
demand function, pushed by the increase in the demand for housing
services, touches the supply curve at the latter's lower end. In
terms of figure 6 the equilibrium point rests for a while at F and
will then gradually move along the curve FC;

- the demand curve N(al) indicates a situation where initially the
demand for housing services, given the rental rate, exceeds the
current supply of this good. In this case it will be profitable for
the landlord to increase his stock of housing services as fast as
possible, since the marginal value product of land and the marginal
value product of capital exceed the corresponding factor prices.
Optimality conditions (II.56) and (II.57) will again be satisfied
when the housing stock H has reached his optimal level H(t*). The

*
adjustment from H(to) to H(t ) takes place during the nmneta-time
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*
period (to, t ), whereby the system jumps to this point of the
* *
tangency curve FT whose H-co-ordinate is equal to H(t ). After t
the economy moves along the hyperbola which is tangent to the path

FF.

Figure 6 and the catalogue of optimality conditions hiding behind
it provide the necessary tools to describe the reactions of
housing and land markets to the imposition of various forms of
taxation. In particular tff meta-time period (to, t*) and the
transition period (tl, t ) become relevant if the planning
problems discussed in this chapter are disturbed by unanticipated

changes in the underlying informations.
To understand the mechanics of such reactions, it is sufficient to

consult the following equations and the changes of these equations

occurring in response to the introduction of single taxes:

d
(I1.77) —— e ,

dB - -
Bla- (nB+a)P ]
B
* -1 *
(I1.79) H(t ) = o{olo" (l/PH(t ) 11,
n(3)
H
(I1.83) P = —ceeemmmeeeeem .

If the implementation of a single tax causes a change of the
differential dH/dB in equation (II.77), a turn of the isoelastic
curves and the tangency curve in figure 6 follows straightforwardly.
Moreover, a tax-induced change in dH/dB also has an impact on the
position of the supply curve described by equation (II.79): because
of equation (II.78) the marginal condition (II.56) can be rewritten

as

1/0¢' (€)

(II.56)' P
H

-1
1/¢'le ~(lan/asDi ,
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with dPH/ d(|dau/aB|) > 0. Equation (II.56)' produces a direct
relationship between the slope of the rectangular hyperbolas in the
right quadrant of figure 6 and the position of the supply curve in
the left gquadrant of this diagram. If the introduction of a tax
results in an increase (decrease) of |dH/dB|, the supply curve will
shift to the left (right).

A tax induced change of condition (II.56) can be illustrated by
correspondent shifts of the supply curve. Note that this change has
no impact on the position of the curve plotted in the right
quadrant of figure 6.

Finally, tax induced changes of equilibrium condition (II.83)
indicate shifts of the demand curve. It is also important to note
that shifts in the demand curve and the supply curve explain the
reaction of the model economy in the short run; the impact of
taxation in the long run can be read from the tax-induced changes
in the position of the isoelastic curves and the tangency curve in
the right quadrant of figure 6.



lll. Taxation and Market Reactions

After going through the details of the solution procedure we can
now examine the effects of various formsof taxation. Because the
trajectory of the laissez-faire economy is unique and Pareto-optimal,
all tax-induced deviations from this path are equivalent to welfare
losses. As mentioned above it is the substitution effects caused by
taxation which are exclusively responsible for these inefficiencies.
The substitution effects can be isolated from the also tax induced
income effects by assuming that the public sector uses all the tax
revenue to finance a lump-sum transfer program such that each

household receives exactly that amount of money it paid in taxes.

According to the partial-equilibrium framework presented in
chapter II, the interpretation of the results to be delivered by
the succeeding analysis is restricted to a second-best level. We
can make Jjudgements about tax-induced intrasectoral distortions
only as far as the housing sector, the building land sector, and
the capital market are concerned. The remaining sectors of an
economy usually also are subject to various forms of special
tax treatment that defy a global evaluation. Moreover, tax
distortions outside the sector of firms cannot be taken into
account without further complications; one well-known example is
the impact of income taxation on the work-leisure choice of private

households.
Facing these limitations we will refer to a tax as being efficient
if it contributes to a reduction of endogenous inefficiencies. A

tax is referred to as being neutral if its imposition is free from

endogenous substitution effects.

1. LAND TAXATION

1.1 A Tax On The Value Of Land

Both, the landlord and the landowner principally are subject to
land taxation. It is important to note that in the context of
current tax laws the term "land tax" is misleading. In most Western
economies the imposition of 1land taxes 1is not necessarily

restricted to the value of land eXclusively. It is wusually the
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market value of the whole property, including the value of any
structures built upon the taxed item, that is subject to taxation.
Let T be the relevant tax-rate. Provided that the assessment of
land property for tax purposes is up-to-date, the land-owner's tax
liabilities are

LO
(Irr.1) T = 1_P_B,
L LB

whereas the landlord has to pay taxes by the amount of

LL
(I11.2) T = T_P H
L L H

dollars.

As a matter of fact land taxes are not only levied because the
government needs funds to finance its expenditures. Land taxes
often are also used as a tool for regulating housing markets and
land markets. By taxing vacant land at a higher effective rate than
developed 1land the authorities intend to put a pressure on
landowners to advance the developement of vacant land, which is
supposed to cause falling land prices, an intensification of
construction activities, and a more extensive provision of housing
services. It will be interesting to examine whether the favourable
tax treatment of developed land is an appropriate tool to realize
the political goal of improving the housing standards of a society.

In order to be able to do this within the analytical framework
provided 1in chapter 1II, the tax-function (III.2) has to be

modified:

LL
(II1.3) T = H.
L

TLplPH
In equation (III.3) the parameter p is allowed to adopt values
between zero and one, p. = 0 indicating that developed land is
not taxed at all and ol = 1 representing the case where developed
land is taxed at the same rate as vacant land. In addition pl <1
states that developed land can be treated favourably either by
charging a lower tax rate or by assessing a smaller than actual

)

*
market value °.

*
)Since only the differential tax-treatment of vacant and
developed 1land is of interest it 1is reasonable to assume that
vacant land is taxed according to its current market value.
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1.1.1 The taxation of vacant land

To derive the reactions of the landowner and the landlord to the
imposition of a tax on vacant land the tax function (III.1l) has to
be substituted into the laissez~faire decision problem (II.19). The
landowner's goal now is to maximize the sum of present values of

sale revenues net of tax. His decision problem therefore reads
< s *
(IIT.4) Max M_(t )5{ [P (£)F (t)-2zT.P_(t)B(t)]expl-zr(t-min(t,t H]dt
{FS} B o o B L B

under the constraints

(II.1) B(t) > o,
(o}

(11.17a) z = ’

1 for t >t
(I1.45) B = ~F .

Accordingly the Hamiltonian for this problem is

s s
(I11.5) ¢ =P F - 2T P B - AF .
B LB B

The partial derivatives of equation (III.5) with respect to the
control variable Fs and the state variable B yield in addition
with the canonical equation the optimality conditions for the
equilibrium land-supply path:

(III.6a) P_ =0 for t <t < t,
B o~

(ITII.6b) PB =r + T for t>t.

As in the tax-free situation the land price remains constant during
the meta-time period (t ,t*). But condition (III.6b) signals that
the land price grows atoa higher rate after t* in response to the
introduction of the tax. Obviously the landowner changes his plans
by advancing the sale of vacant land in order to avoid a part of
the tax, buying tax-free assets with the additional revenues. As a
consequence of the altered sale plan the land price falls in the

initial period. Moreover, the advance of sales leads to a shortage
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in the supply of vacant 1land in future periods. This can be
established by substituting optimality condition (III.6b) into
equation

(IT1.13) F = a - PB(nB + o) = constant < 0.

In the equilibrium with this tax, the volume of land transactions
decreases at a higher rate than in the tax-free economy. Given the
time path of land demand, this causes an increase in the growth
rate of PB. According to condition (III.6éb) the new sale plan is
optimal if the resulting growth rate of the 1land price is
sufficient to cover all opportunity costs involved in the holding
of vacant land, now also including the collectable tax. Because of
the tax - induced increase in PB and despite its initial drop, the
land price will exceed its laissez-faire level after some finite

- *
point of time t > t .

Whether the landlord is willing to cover this tax-induced increase
in the opportunity cost of holding vacant land depends upon the
demand for housing services. As can be shown, the parameter a must
now grow at a higher rate than in the laissez-faire situation:

(III.7) a > nB(r + TL).*)

Only if condition (III.7) holds will the landlord be willing to pay
the demanded land price beyond t*. If condition (III.7) does not
hold, the total stock of vacant land will be sold and built upon
during the meta-time period (t ,t*). The landowner knows not only
that the landlord will not pa§ the demanded land price but also
that the difference between desired price and willlingness to pay
will be the higher the further beyond t* the sale is deferred.

For the purpose of this analysis it is more interesting to consider
the case where condition (III.7) 1is satisfied. Since 1in this

section developed land is assumed to be tax-free, the landlord's

*
)Condition (III.7) can be derived from the general condition

(II.67) a > nBPB by considering optimality condition (III.é6b).
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optimal behaviour can be described by referring to the laissez-faire
optimality conditions

(III.8) P _¢'(e) =1, for t > t ,
H - o
B (< =
(111.9) =ef=} Pp_ =3 F {>} 0 for t > t ,
o B - - (o]
(I1T.10a) P =0 for t <t <t
I m *
(IIT.10b) PH = -5 + r + ad for t>t.

H

Obviously the tax rate does not appear in the conditions above. But
it would be wrong to conclude from this that the landlord's initial
investment plans are not affected by the imposition of a tax on
vacant land. Facing the initial drop in land prices, the landlord
revises his decision concerning the capital intensity of land in
favour of the usage of vacant land. In addition to a decrease in
the capital intensity of land falling land prices also cause an
overall decrease in the production cost of new housing units,
inducing the 1landlord to increase his investment activities at
least in the initial period t . Conditions (III.8) provide the
formal confirmation for these reglections. The tax induced decrease
of the parameter € 1leads to a rise of the marginal product of
construction services, ¢'{(€). Given that the price PI(=1) is
constant, condition (III.8) can be satisfied only if the house

a
price, or the rental rate, m(ﬁ), respectively, falls simultaneously.

a
Given the demand for housing services, this initial drop in m(ﬁ) can

only be caused by an initial increase in the housing stock, H.

Moreover, the landlord knows that the landowner is able to shift a
part of the tax burden by reducing the future land sales. His
reaction to this is twofold: first, the capital intensity of land
will rise faster over time than it would have risen in a tax free
economy. This follows from equation (II.65) in connection with
condition (III.6b). Second, the housing stock grows at a lower rate
than 1its laissez-faire counterpart. This can be proven by
substituting optimality condition (&II.Gb) into the general
growth~equation

(I1.71) H = a - nBPB.
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Hence, despite of its initial increase, the housing stock will fall
short of its laissez-faire level before 1long. The resulting
reduction in the provision of housing services is the means that
enables the landlord to shift at least a part of his tax burden to
his tenants.

The tax induced acceleration in the growth of the rental rate is
reflected in a faster growing house price. Considering the modified
Hotelling rule in condition (III.6b), it follows from equation
(IT.64) that in the equilibrium with tax, the price PH grows at
the rate

(ITI.11) PH = B(r + TL).

The dynamic consequences of the imposition of a tax on vacant land
are illustrated in figure 7. Referring to condition (III.6b) it can
be shown that the slope of the hyperbolas in the right guadrant of
figure 6 decreases in each point of the (H,B)-plane. The algebraic

expression for this slope is

dB - -
Bla - (n6+a)PB]

Obviously, the differentia} gg decreases, measured in absolute
values, if the parameter PB rises owing to taxation. In figure 7
the path FC therefore pivots to the 1left. According to its
construction, the tangency curve moves in the same direction. In
section IT it is shown that the supply curve in the left quadrant
of figure 6 moves to the right if |dH/dB| decreases. This shift
reflects the 1landlord's willingness to increase his stock of

housing units in response to the initial drop in land price.
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Figure 7
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The introduction of the tax also affects the locus of the demand

curve. Solving (III.10b) for PH, using condition (III.éb), yields

the equation for the after-tax demand curve:

(ITI.12) P = mcmeecm—rm e e
(1~-B)r + ad ~ BTL



61

Equation (III.12) differs from its laissez-faire counterpart
(IT.82) by the tax term BTL: the higher c.p. the tax rate, the
bigger the ratio on the right side of equation (III.12) - and the
higher the house price. As a consequence of taxing vacant land the
demand curve shifts to the left in its new position N', reflecting
that because developed land is assumed to be tax free it is the

more desirable asset compared to vacant land.

The gap between the initial housing stock H(t ) and the new optimal

housing stock H(t*) will be closed duringothe meta-time period

(to,t*). Initially falling land prices and the decreasing user cost

of wealth tied 1into developed 1land thus induce a short-run

construction boom in the housing market. After the end of meta time

the economy evolves along the path GD. This path is characterized

by the facts that

- the rental rate, m, the house price,PH, and the 1land price, PB,
grow at a higher rate than in the tax-free economy. Therefore,
despite their tax-induced initial drop all prices will exceed
their laissez-faire level in finite time;

- the housing stock grows slower and the stock of vacant 1land
shrinks slower than they did before the imposition of the tax.
Therefore, the housing stock H will be less than its laissez-

faire 1level after some infinite period of time.

1.1.2 The taxation of developed land
As stated earlier, the landlords tax liabilities amount to

(II1.13) TLL—TD P _H
' : L L 14H"

The distributions A of a given period can be derived by subtracting
from the gross rental revenues, mH, the net decrease in debt, =S,
the expenditures for maintenance, E, the interest liabilities, rD,
the expenses for the construction of new housing units, F €+ PBF ,

LL
and the tax payments, TL .

The formal description of the landlords decision problem is
“ *
(II11.14) max MH(to)fﬂg A(t)expl-zr(t-t )ldat
{s,E,e,F} o
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under the constraints

d d
III.15 A = H-E -« rD -~ PH) - Fe-PF + 8
(11 ) z (m r TLpl H ) B ,

and (IIr.2), (11.3), (II1.9), (IIr.10), (IIr.14), (II.l6), (II.l7a).
The corresponding Hamiltonian reads

(Irr.16) 4 (mH E D P _H) Fds P Fd + S
- = Z — - - - -
" "LP1%m B
d
+ PH[F 9(€) - z(aSH - E)]
+ A_D.
D

As can be shown easily by differentiating the Hamiltonian in
(ITT.16) with respect to the controls S and E, the taxation of
developed land does not affect the laissez-faire paths of financing
and maintenance.

Differentiating the Hamiltonian with respect to the controls ¢ and
F  and the state variable H, considering the canonical equation for

H, the following conditions can be achieved:

I1T.17 P o' =1 for t > t ,
( ) g9 (e) 2t
< d =
(II1,18) §e =} = Fr {>}o for t > t ,
o B = - o
- *
(I11.1%a) P_=0 for t <t < t,
H o —
(II1.19b) 1; T + £ t £ >t
. = - -- + + .
H P, r+oad+ e, for =

The conditions (III.17) and (III.18) are well-known from the
analysis of the laissez-faire economy. Condition (III.17) requires
the equality of the marginal value product of construction services
and the cost of the marginal service unit if the investment optimum
is to be obtained. Condition (III.18) states that there will be
construction activities (Fd > 0) only when the marginal value
product of land (28) equals the desired price for land. The case
where the marginal value product exceeds the price P_ can be ruled
out by referring to the existence condition for a solution to the
landlord's planning problem. Both conditions also signal that the
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tax on developed 1land directly affects neither the decision
concerning the marginal capital intensity of land nor the decision
concerning the consumption of land. The tax is levied on the value
of the whole property, which according to the technology in use is
independent from the values of the factors of production. Moreover,
conditions (III.17) and (III.18) imply that the tax on developed
land has no impact on the growth characteristics of the model

economy: the laissez-faire relationships

(ITT.20) P_ = Be,
H

and

(IT1.21) € =P

still hold.

Condition (III.19b) is the only condition in which the land tax
rate appears. From the analysis in chapter II we know this
condition describes an intersectoral arbitrage equilibrium,
requiring the equality of the net rate of return out of the housing
stock and the user cost of capital tied into this stock. Condition
(II1.19b) states that the imposition of a tax on developed land
causes an increase in the user cost, the scale of this increase
depending on the degree of preferential tax treatment of developed
land compared to vacant land. If there is no preferential treatment
(pl = 1) the gross rate of return on the last dollar invested in
housing stock,m/PH + P}ﬂ has to cover not only the laissez-faire
opportunity cost of housing investment but also the proportional
tax. Hence, the tax on developed land turns out to have a negative
impact on housing investment even in the short run - in contrary to
a tax on vacant land, that helps the housing sector to a short-run

construction boom.

1.1.3 The intertemporal incidence of a tax on the property of land

This section deals with a general land tax that boasts the two
previously discussed taxes as integral parts. This tax 1is an
approximation of the tax laws concerning the taxation of land valid

in almost all industrialized nations of the Western World.
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The differential incidence of a tax on vacant land only and a
general land tax can be shown by substituting optimality condition
(III.6b) into optimality condition (III.19b), whereby equations
(III.20) and (III.21) have to be considered, and solving the
obtained expression for PH. This operation generates the function

for the demand curves N', N" and N''' in figure 8:

(IIT.22) P = =————————mmm—m—————meee .
H  (1-p)r + (p =B) T  + ab

The comparison of equation (III.22) with equation (III.12) shows
that the shift of the demand curve to the left illustrated in
figure 7 is at least smaller when developed land is taxed in
addition to vacant land. In the case where the favourable tax
treatment of developed land is less distinct, i.e. where pl > B,
the demand curve even shifts to the right.

However, the taxation of developed land has no impact on the locus
of he supply curve or the position of the isoelastic curves and the
tangency curve in figure 7. The shifts of these curves captured in
figure 8 are caused by the reaction of the landowner to the

imposition of a tax on vacant land.

As shown in figure 8, the short-run incidence of a tax on the
property value of 1land is not clear cut. Three fundamentally
different cases can be distinguished:

- first, consider the case where the tax treatment of developed
land is sufficiently preferential to ensure either a shift of
demand curve to the left or a shift of the demand curve to the:
right that is overcompensated by the tax induced rightward shift
of the supply curve. This situation is represented by the demand
curve N'. Because the tax-induced advantage of falling land
prices accompanied by falling production costs for new housing
units outweighs the tax-induced disadvantage of increasing
user-cost, we will observe a short-run construction boom in the
housing market;

- the demand curve N''' represents the' case where the rise in the
user cost of wealth tied up in developed land, i.e. the decrease
in the rentability of housing investment, dominates the decrease

in production cost. In this situation the 1landlord does not
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succeed in renting out his actual housing stock H(t ) at a
cost-covering rate. His optimal strategy thereforeO is to
postpone any construction activities until the households owing
to the continual increase in rental demand are willing to pay
this higher rent;

- also conceivable is the situation where after the adjustment of
demand an supply plans the demand curve again touches the supply
curve at its 1lower end. In this case neither a short-run
construction boom nor a temporary halt in construction

activities will take place.

While the short-run incidence of the land tax discussed in this

section 1is ambigeous, its incidence 1is clear cut in the 1long

run - as stated by equations (II.20) and (II.21) the tax on

developed land has no impact on the model's growth rates. Referring

to the reactions of landlord and landowner to the imposition of a

tax on vacant land

- the stock of housing units grows at a lower rate than in the
tax-free situation,

- the stock of vacant land and the consumption of vacant land both
shrink at a higher constant rate,

- the rental rate, the per-unit price of housing stock, the price
of vacant land and the marginal capital intensity grow faster

than in the laissez-faire economy.

The results stated above provide some remarkable implications for
policy issues. Apparently taxation based on the value of 1land
property is a most inappropriate instrument to improve the housing
quality (in our example measured in housing units) of a nation.:
Even in the short run and even if vacant land is discrinimated
against the authorities cannot be sure that the expected
construction boom takes place - unless they have detailed
information about the technology in use (how big is B?). In the
long run the tax is definitely counterproductive. Even in the case
where the tax on 1land and development induces a short-run
construction boom, the stock of housing units will fall short of
its laissez-faire level in finite time. This results because the
parameter H grows at a lower rate in the equilibrium with taxes,

than in the tax-free world.
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1.2 Site Value Taxation - The Best Solution?

As mentioned in the previous chapter, the term "land tax" can be
misleading. The land tax levied in most Western economies in fact
is a combination of

- a tax on the earning power of structures,

- and a tax on the site value of undeveloped land.

This conceptual difference 1in tax bases 1is the reason why
frequently the land tax is said to be a source of discrimination:
while owners of vacant land have to pay taxes only on the value of
land, the owners of developed land have to pay taxes on both, the
value of land and the value of the structure built on it. For this
reason it is not surprising that in recent years there has been
some interest in adopting site value as a tax base for developed
land as well, excluding the value of structures. But there are
different ideas about the way in which such a site value tax should
be implemented. The disagreement essentially concerns the
determination of the value of the structure's land share.

One suggestion is to value the share of land in the housing stock
by the price PB of vacant land. At least in the context of the
model presented here, the impact of this proposition would be
dramatic. Suppose that B*(E) stands for the share of land at a
given point t of time, with B*(t) = F(t). Then, the tax liabilities

of the landlord in this period are

(IT1.23) TU(t) = P (£)B*(t)
. L L B :
*
In addition, the variable B would enter the landlord's decision

problem as a state variable, requiring the transversality condition

-r(t-t )
* (o]
(III.24) %Em [PB(t)B (t)e 1=0

to hold. Without (III.24) being fulfilled, the present value of the
landlord's tax liabilities would be infinite and housing investment
would not be profitable any longer. Condition (III.24) holds only
if

- ~ %

(III.25) PB + B - r=X<0
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also holds. In the previous section it is shown that in response to
the imposition of a tax on vacant land the landowner readjusts his
sale plans such that the resulting equilibrium growth rate of the

land price is

(I11.26) PB =T + r.

Substituting condition (III.26) into condition (III.25) and
considering _that (because of the irreversibility of housing
investment) B* > 0 for all t > t , it can easily be shown that the
parameter X in condition (III.Zg) is positive at each point of
time, thus violating (III.Z24) and (III.25), respectively.

Using the tax base defined in equation (III.23) would virtually
result in an expropriation of landlords. The economic intuition
behind this conclusion is straightforward. Obviously the land price
PB is an arbitrary measure. To see this one has to consider the
maximum net price the landlord could achieve by selling developed
land on the market for vacant land. The realizable gross price
certainly would be PB. But the 1landlord also has to take into
account the cost caused by the conversion of developed land into
vacant land, i.e. forgone rental revenues and demolition cost. Only
if the difference between gross price and conversion cost is
non-negative the conversion will be a rational alternative. In the
model introduced in chapter II demolition costs are assumed to be
prohibitively high. Consequently it will be impossible in our model
to find a market price for the land share of developed land. But
even when the assumption of prohibitively high demolition costs is
abandoned and the conversion of developed land into vacant land is
taken into account, there is only one point of time in the history
of an individual structure where it is possible to determine the
value of its land share on ground of the price PB: at the time of
demolition this value 1is equal to the sum of land price and
demolition cost. But as long as a conversion is not profitable an
evaluation based on the calculus described above will necessarily

yield wrong results.

What 1is the correct measure for the value of land's share in the
housing stock H? Obviously there is no answer to this question.

Because the construction technology is of the putty-clay type, an
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economic value can be assigned neither to the share of land nor to

the structure built upon.

Nevertheless, since Ricardo presented his thoughts concerning the
taxation of land, economists promote the imposition of a site value
tax that is to be assessed on the rental value of land only,
excluding the value of capital invested in this land. According to
Ricardo such a tax is neutral.*)
In the context of our model, the revenue of a pure site value tax

can be described by
LL

(rrr.27) T =1 (P H - K),
L L H

where PHH represents the market value of the housing stock H and K
the value of capital invested. The state variable K follows the

motion equation
. d
(ITT.28) K =F € - z(8K - E).

Using AK as the shadow value of the capital stock, the Hamiltonian

for the landlord's decision problem is
e el
(111.29) 3¢ = z(mH - E - rD - 1T (PH -X)] + S - F ¢ -PF
L H B
el
+ PH[F o{e) - z(adH - E)]

+ A S
D

d
+ lK[F € - z(8K - E)].

Differentiating equation (III.29) with respect to the control
variables ¢ and F and the state variables H and K, and considering
that the tax treatment of the 1landowner under a site value tax
would be the same as described in section III. 1l.1.,the following

equilibrium conditions can be obtained:

*)Strictly speaking Ricardo referred to a tax on pure land
rent. But because of the one-to-one relationship between land rent
and land value, a tax on the value of land excluding the value of
capital is equivalent to a tax on the pure rent, the tax ratert

defined as the product between the market interest rate and the taXx
rate assessed on pure rent.
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(II1.30) P o@'(e) =1 - A for £t > t ,
H K - o0
B < =
(IT1.31) =e(l - r) {=} p_=>F {>} 0, for t > t ,
a X B - - o
(I11.32) P =P =0 for t <t < t*,
H B o~
- m *
(IT1.33) P == =—-+4+ 1 + a8 + 1 for t > t ,
H P L -
H
(III.34) P =r + 1 for £ > t~,
B L -
T
L
(III.35) XA = =====-

K r + ad

According to condition (III.35) the shadow price AK reflects the
fact that, given the present value of rental revenues, the market
price of equity tied into the housing stock is higher the bigger the
share of tax free construction services in stock H. Because the use
of land as a factor of production is singled out for taxation,
there is an incentive for the landlord to increase the capital
intensity of his new housing investment, provided that the
landowners are not willing to accept 1lower 1land prices. This
statement is confirmed by conditions (IITI.30) and (III.31). From
condition (III.33) it follows that the tax-induced increase in the
user cost of housing property is the same as under the regime of
the land tax discussed in section III.1l.1 - as long as vacant land
is not taxed at a higher effective rate (implying pl= 1) . This
result is not surprising: a site value tax of the type above is
equivalent to a tax on the market value of the whole property
combined with a governmental subsidy on the cost of construction
services. Because of this equivalence, the differential incidence
between a site value tax and a tax on the market value of the whole
property is straightforward: a tax reform in favour of a site value
tax would cause a short run construction boom, since the
governmental subsidy not only reduces the relative cost of
construction services compared to the cost of building land but
also leads to a decrease in the overall production cost of new
housing units. After the boom in the housing market has subsided,
the further development of the economy can be described by the
growth equations derived in the preceding section.
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Figure 9 contains the graphical representation of the consequences
of the switch from a land tax based on property value to a tax

based on site value.

Figure 9
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The differential incidence is expressed by the shift of the supply
curve to the right. Referring to chapter II the supply of housing
services in the planning period can be described by the general

functional relationship

* *
(11.79) H(t) = o{glel(t )]}, @', o' > 0.

Using the inverse of condition (III.30), equation (II.79) can be

rewritten as

-1
(111.36) H(t") = ofole*  (-=----) 1},

with BH(t*)/aPH(t*), aH(t*)/BAK > 0. With a glance on the signs of
the partial derivatives, equation (III.36) states that at any given
level of the housing stock H(t*) the house price PH(t*) is smaller
the bigger the shadow value XK, i.e. the shift of the supply curve
is more distinct the higher the tax rate TL, all other things
equal. Point K represents the optimum appearing after the
introduction of the tax. According to point K the new optimal stock
H(t*) exceeds the current stock H(t ). The necessary adjustment
takes place during the meta-time pegiod, where the system jumps
from point F to point G in the right quadrant of figure 9. As a
result of this temporary investment boom the rental rate m(t*) is
lower and the 1land price PE(t*) is higher than before the tax

reform.

Since the tax reform has no impact on the growth rates derived in,
section III.1.1., the initial distortions affect the future periods
as well: in each point of time t > t* the stock of housing units
and the priceof landare higher, and the stock of vacant land, the
rental rate, and the house price are lower than they would have

been without the amendment.

Obviously, a site value tax is everything but neutral. The
landowner always has the option to reduce his tax liabilities by
advancing the sale of vacant land. In addition, the landlord is
able to avoid a part of the tax by increasing the capital intensity
of 1land.
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1.3 Neutral Taxation Of Land

1.3.1 The per-unit land tax

Faced with these results and the economic intuition behind them we
have to ask whether there is any chance for a neutral taxation of
land. After all, no one can forbid the landowner to by-pass the tax
burden by selling the taxed item. In this context it is interesting
to examine the incidence of a tax that according to the recent tax
literature is also said to be neutral - the per-unit taxation of
land. This tax is not imposed on the current value but on the area
of land owned by landlords and landowners. Therefore, the tax to be

paid by the landowner is
LO
(I11.37) T = T B,
L L
with TL as the tax rate, whereas the landlord's tax liability is

described by equation

LL *
(IT1.38) T =18B,
L L

*
the parameter B representing the share of land included in the
*
housing stock H. The variable B is a new state variable in the

*
landlord's decision problem; the motion equation for B is

ok d
(II1.39) B = F .

Substituting equations (III.37), (III.38) and (III.39) into the
laissez~faire decision problems in chapter II, the corresponding

Hamiltonians can be formulated as follows:

I

i LL * d d
{(IT1.40) &x¢ z(mH - E - rD - TLB ) + S~-~F ¢-PF
B

+

d
PH[F p(e) - z(adH - E)]

LO
(IT11.41) 3¢

]
g
L]

[}

1
A
o

]
>

W
o]
[
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In equation (III.40) the parameter XB* is used as shadow value for

developed land; it is

(IT1.42) A_ = === = - —-,
B *

The shadow value signals by what amount the market value of the
housing stock decreases, if - all other things being equal - the
stock B* increases by an incremental unit; AB* is the present value
of all current and future tax liabilities caused by this marginal

unit.

Differentiating the Hamiltonians in (III.40) and (III.41) with
respect to the control and state variables and taking account of

the canonical equations yields the optimality conditions

(IT1.43) CF ~ EF for t > t ,
o
*
(III.44) E = odH for t > t ,
(III.45) P ¢'(e) =1 for t > t ,
H - o
B < - = - L
(111.46) =-¢ {=} p. = F {>}0, P =P - —- for t > t ,
¢ B - B B r - o
- - *
(II1.47) P =P =0 for t <t < t,
H B o
- m *
(I11.48) P = - -—- + r + ad for t > t ,
H P -
H
- *
(II1.49) PB =r for t > t .
Comparing conditions (III.43) - (III.49) with their laissez-faire

counterparts, we see that the optimality conditions which appear
under the regime of a per-unit land tax are the same as those
achieved for the tax-free economy. Only the time path for the
market price for vacant land has changed its level: as pointed out
in condition (46}, the new land price EB is equal to the difference

between the laissez-faire PB and the present value of
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land taxes the landlord has to pay; or, to put it in another way,
the 1landlord shifts his tax burden completely back to the
landowner. Although the landowner in principle has the possibility
to advance the sale of vacant land, there is no rational motive for
him to do so. The only outcome of such a reaction would be a
decrease in the present value of "before-tax" revenues, while the
present value of his tax burden would remain unchanged. Because of

this, a tax on land area, independent from value, is neutral.

1.3.2. A general tax on equity

An alternative way to tax wealth tied in land is used by some
European countries. In West Germany, for example, a tax is leviedon the
value of all assets an individual taxpayer owns, including the
equity tied in developed as well as in vacant land. In its ideal
form and neglecting allowances the tax the landlord has to pay is

based on the following value:

LL
(ITTI.50) V = PHH - D;

In equation (III.50) the parameter D represents the stock of debt

acquired in the past to finance housing investment; accordingly,
LL

the parameter V symbolizes the market value of equity tied in the

housing stock. The landowner's wealth subject to taxation is

LO
(III.51) V = P B;
B

Using T as tax rate and substituting the corresponding tax
liabilit;;s into the laissez~faire decision problems described in
chapter II, the planning problem of the respresentative landlord
and landowner can be rewritten in the following way: for the

landlord we achieve

(ITII.52) max M =
d. H
{s,E,e,F } o]

t-— 8

*
A({t)expl-z(r-1 ) (t-t ) 1dt
A

under the constraints (II.2), (I11.3), (II.9), (II.10), (I1.14),
(IT.16), (II.17a) and

d d
(111.53) A = z[mH - E - rD - T (PHH -D)] + 8 -F ¢ - PBF ’
v
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whereas for the landowner we have to solve the problem
- 7 a * .
(III.54) max M = J (P F - zT P Blexpl-z(r-1 ) (t-t )ldt
t B v B v
under the constraints (II.1l), (II.17a) and (II.45).

In equations (III.53) and (III.54) the real interest rate net of
*
tax, r = r - T, is used as factor of discount. This is done
v
because it has to be considered that the market value of bonds and

shares also is subject to taxation.

Differentiating the Hamiltonians corresponding to equations(III.53)
and (III.54) with respect to the control and state variables, we

obtain the following set of necessary conditions:

(ITI.55) EF ~ CF for t > to,
*
(III.56) E = adH for t > t ,
(I11.57) P ¢'(e) =1 for t > t_,
H - 0
(III.58) -B-e {i} P = F {f} 0 for t > t
. S B > 2 tgr
(III.59) P =P = 0 for t_ <t <t
H B o -
- m *
(II1.60) P = - == + r + afb for t > t ,
H P -
H
- *
(III.61Db) PB =r for t > t .
The comparison of conditions (II.55) - (II.61lb) with the equivalent

laissez-faire conditions shows that at least within the

partial-equilibrium framework of our analysis the general tax on

equity is neutral not only with respect to the investment decision

but also with respect to the financing decision.
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In particular, the result concerning the optimal financing
behaviour of the landlord might surprise. But despite the fact that
the tax the landlord has to pay on the equity tied in the housing
stock decreases when his indebtedness, all other things equal,
increases, a change in the financing structure of the existing
housing stock in favour of credit financing would not affect his
total wealth: he has to pay tax on equity tied in houses as well as

on equity tied in any other investment alternative.

For the same reason the tax does not affect his laissez-faire
investment plan, nor does it affect the landowner's laissez-faire
sale plan. Both agents realize that they are not able to reduce the
present value of their tax payments by foregoing housing investment
or advancing the sale of vacant land, respectively; they would have
to pay an equal amount of taxes on every asset they could purchase
with the released equity.

However, it 1is important to note that the neutrality result
derived above 1is only valid in reference to the second-best
criterion defined on page 54 . While the tax is neutral in an
intersectoral context, it 1is not neutral if intertemporal
efficiency 1is taken into account. The tax on equity obviously
drives a wedge between the household's rate of time preference and
the marginal efficiency of wealth. The imposition of a tax on
equity causes a reduction of the opportunity cost of dissaving,
implying that in the after-tax equilibrium the household's rate of
time preference is equal to the market interest rate net of tax,
r - 1T . The condition for an intersectoral arbitrage equilibrium,
howevé;, remains unaffected by the tax - the net rate of return out
of housing investment still has to be equal to the gross market
interest rate. Compared to the tax free situation, the imposition
of an equity-tax hampers the accumulation of capital, thereby

violating the condition for an intertemporal Pareto-optimum.

Moreover, the imposition of an equity tax is necessarily restricted
to assessable assets; consequently, assets like human capital are
tax exempt. From this it is plausible to conclude that households
will adjust their portfolio in favour of these tax-free assets, for
example extending their period of education and training to the

debit of their life-time labor supply.
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2. SALES TAXES AND VALUE ADDED TAXES

Even a shallow inspection of the tax laws of most countries in the
industrialized world will show that there are considerable
differences in the tax treatment of sale revenues achievable on
different 1levels of the production and consumption processes in
these economies. Canada, for example, is one of the few countries
with a (federal) sales tax on manufacturers alone. While the United
States forego the imposition of a (federal) sales tax completely,
most of the European countries prefer a tax akin to a value added
tax. Moreover, the comparison between North American an European
tax regulations is complicated by the fact that specific retail
sales taxes may be applied on a state or local level (U.S.A.) or on
a provincial 1level (Canada). The following statements therefore
refer only to the most distinct features of the different tax

systems mentioned above.

2.1 Manufacturer Sales Tax (MST)

The base for the MST is the selling price of all goods manufactured
or produced in Canada or imported into Canada unless specifically
exempted*. In particular building material is subject to taxation.
Building land, however, is tax exempt. Using T as the symbol for
the relevant tax rate, the price for a singlg unit construction

service is
(I1I1.62) PI =1+ 1.

Substituting this new price in the 1landlord's laissez-faire
decision problem and differentiating the modified Hamiltonian with
respect to the control and state variables yields the following
optimality conditions:

* See Boadway and Kitchen (1984), pp. 259.
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(ITI.63) PH¢|(€) =1+ T for t > t,

8 < d =
(111.64) 2 1A +1v) {} P =>F {} o0 for t > t_,

o m = B > - ©

- *
(111.65) P_=0 for t_ < t < t,

H o -

- m *
(IT1.66) P = - -= + r + af for t > t .

H P =

m

As is stated by optimality conditions (III.63) and (III.64), the
manufacturer's sales tax induces the landlord to change his plans
concerning the optimal capital intensity of land as well as the
volume of new housing investment. Because the sale of vacant land
is exempted from the MST, it is profitable for the landlord to
adjust the combination of inputs in favour of land. However, the
assumed properties of the production function prevent the landlord
from dodging the tax-induced increase in construction cost entirely
by preferring the cheaper input. Therefore he also will reduce his
initial investment plans at the time the tax is introduced. This
last conclusion can be proven by referring to the general equation
for the supply curve. Substituting the inverse of condition
(IIT.63) into the supply function (II.79), the relationship between
the house price and the stock of housing units in the planning

period can be rewritten as

*
(III.67) H(t ) = o{oleo (---Fz-)1} .
PH(t )

Because of aH(t*)/ 31 < 0, equation (III.67) states that for any
initial 1level of PH(?*) the initially optimal stock of housing
units 1s smaller the higher the tax rate 1 . Therefore, the
landlord's response to the introduction of a MSTIgan be illustrated
graphically by a shift of the supply curve to the left. This is
done in figure 10.

*
)Obviously, the effective value of 1 varies with the degree
m

of vertical integration of production stages. In our analysis it is

assumed that there is only one stage of production.
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Figure 10

Byt AN B(t)

Figure 10 also includes the dynamic impacts of a tax on
manufacturers' revenues. Because the going rental rate is
insufficient to cover the cost of producing new rental accomodation
there will be a temporary halt in construction activities. During
this transition period the rent and the house price grow at their
maximum rate. Construction activities will be resumed after the

demand curve shifted so far to the left that it touches the supply
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curve at the 1latter's 1lower end. Because the MFT leaves the
equilibrium growth rates of the model variables unaffected, the
stock of housing units will fall short of its laissez-faire level
in every point of time after the introduction of the tax. The stock
of vacant land, the rental rate, and the house price, however, are
higher for all t > ts than they would have been in a world without
a MFT.

2.2 Retail Sales Tax (RST)

The retail sales tax, as far as it is imposed, applies to the
selling price of goods sold for final use or consumption - unless
specifically exempted by 1law. In Canada rental revenues are
generally not subject to taxation, whereas in several states of the
U.S. a tax on such revenues is levied. The imputed rents out of
owner occupation, however, are tax exempt in both countries. In
order to examine the effects of this preferential treatment of
housing services compared to other consumption goods we have to
leave the partial equilibrium framework of the analysis. In doing
so tax induced distortions in the consumption plans of households
can be considered. One of the basic results of consumer theory is
that households look only on relative gross prices in order to
determine their utility maximizing consumption bundle. Because the
relative price of housing services decreases as a result of the tax
exemption of rental revenues, households readjust their consumption
plans in favour of these services.

In terms of our graphical analysis this tax induced change in
consumption behaviour causes a shift of the demand curve to the
left.
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Figure 11

+

As a result of this demand distortion the profitability of housing
investment increases. It can be read from figure 11 that the
landlord reacts to this increase in rentability with an
intensification of construction activities: the tax exemption of
rental revenues helps the housing market to a short-run
construction boom at the end of which the rental rate, the house

price, and the price of vacant land are higher compared to the
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tax-free situation. Since the imposition of a RST has no impact on
the economy's growth characteristics these initial distortions are
carried forward to future periods. In every period beyond to the
housing stock, the rental rate, the house price, the land price,and
the consumption of vacant land, will exceed their corresponding
laissez-faire 1levels, whereas the stock of vacant land will be

smaller than in the tax-free situation.

2.3 Value Added Tax (VAT)

A VAT in its ideal form 1is neutral. In order to prove this
statement it is not necessary to introduce the tax explicitly in
the landlord's and landowner's optimization problems. The prices
contained in the laissez-faire optimality conditions rather can be
interpreted as prices net of tax. The economic intuition behind
this neutrality result can be explained by referring to Brown's
well known paper about the neutrality of a profit—tagj. As Brown
pointed out, an income tax is neutral when the tax base is defined
as the difference between the market value of the individual firm's
output and gross investment expenditures incurred in a given
period. This difference is the monetary equivalent of the value
added generated by the taxed firm. With respect to our model, for
a VAT to be neutral therefore requires a tax base, VA, defined in

the following way:

d d
(IT1.68) VA = mH - PBF -Fe~-E.

The tax base for VATs imposed in most countries of Western Europe

are not consistent with the ideal definition provided by equation

(ITI.68). Usually they deviate from (III.68) in two significant

details:

- First, while construction services are tax free, a similar exemption
for building land does not exist. As can be shown by referring
to the laissez-faire optimality conditions (II.56) and (II.57),

this deviation has no impact on the landlord's investment plans:

*) See Brown (1948)
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(II.56) PHcp'(e) =1 for t > t_,

]

(I1.57) B{<}P >°F{}o for t > t
. - = r .
OLS _ B _>_ (o] o

Both conditions also describe the equilibrium prevailing under
the regime of an "imperfect" VAT of the type described above.
The difference is that in the situation where an "imperfect" VAT
is imposed the left sides of conditions (II.56) and (II.57) must
be interpreted in values net of tax. Since expenditures for
building land are not tax deductible, the marginal value product
of land in the equilibrium with tax is the same as in the
tax-free situation only if the price of building land after the
imposition of the tax 1is 1/(1+ TVA) times higher as the

laissez~-faire price PB' being the tax rate assessed on the

T
"value added" in the hogzzng sector. The "imperfect" VAT is
neutral because the landlord is able to shift the tax burden
back to the landowner.*)
In the first instance it might be surprising to learn that the
landowner does not react to the landlord's attempt to shift the
burden of the tax. The reason he maintains his initial sale plan
becomes apparent if we interpret the shift as a tax the landlord
imposes on the landowner. The tax rate is TVA' the tax base the
value of vacant land, PBF, used up for building purposes in a
given period. Because of the Hotelling-rule derived in section ITI,
the tax base grows at a rate equal to the discount rate, r.
Therefore the present value of tax payments 1is the same
independently of when the landlord chooses to sell a given area
of vacant land.

Consequently he could reduce his tax burden {(measured in present
values) neither by postponing nor by advancing his land sales;
second, rental revenues are tax exempt; if, as for example in
Germany, this tax exemption implies that expenditures for gross

d
investment (F € + E + PBF ) are included in the tax base of the

*
)In section II it 1is shown that the optimal trajectory is

unique. The equilibrium described above therefore is the only
possible one.
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"VAT", this preferential treatment of housing services has no
direct 1influence on the 1landlord's investment plans. This
statement follows immediately from the neutrality property of
the VAT. However, the preferential treatment of housing services
induces households to alter their consumption behaviour 1in
favour of housing services. For this reason the effects of an
"imperfect" VAT are equivalent to those of an RST described in

the preceding section.

3. TAXATION OF INCOME FROM REAL ESTATE PROPERTY

3.1 A Neutral Income Tax

Before examining existing tax laws it is reasonable to provide the
proof that a neutral income taxation of the housing sector and the
affiliated building land sector is conceivable. The criticism that
the demand for a more efficient income taxation is unrealistic,
since unfeasible, can be avoided by referring to this ideal.
Moreover, the ideal provides a helpful pattern for the modelling of
proposals on how to improve existing income tax laws.

There is wide consent among economists that comprehensive income
- suitably defined and with suitable deductions and exemptions - is
the appropriate base for the taxation of individuals, both on
horizontal and on vertical equity grounds. It will be shown in the
following that such a comprehensive income tax also meets the
neutrality requirements defined in the introductory part of
Chapter III.*)

In the context of our model the landlord's comprehensive income tax

base needs to

- include rental revenues; it makes no difference whether these
rental revenues are the result of renting or of
owner-occupation. In the case of renting the landlord receives
the revenues from his tenants, in the case of owner-occupation

he pays to himself.

*

)The concept of a comprehensive income tax was first formulated
by Schanz (1896); Haig (1921) and Simons (1938) promoted it in the
English speaking areas.
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- include all capital gains accrued in the housing stock, PHH,

during the taxation period.

- exclude the amount of revenue necessary to serve outstanding
mortgages, rD; these interest payments do not represent income,
but costs caused by the attempt to increase or maintain the

income flow.

- exclude all capital 1losses; in our model, capital losses are
caused by the deterioration of housing capital included in the
housing stock. As a result of deterioration, in any given
period adH housing units are eliminated from the stock H.
Evaluating this gquantity with the price PH per housing unit
yields the deterioration-induced capital loss, PHaéH.

According to these requirements, the 1landlord's tax 1liabilities

are:

LL °
(ITII.68) T =T (mH + PH - P oafH - rD).
I I H H

In equation (III.68) TI is used as income tax rate; for simplicity
TI is assumed to be constant.

The definition of the landowner's tax base, consistent with the
requirements of a comprehensive income tax, 1s relatively simple:
neither has he to pay interest on debt - this is excluded by
assumption - nor has he to consider deterioration-induced losses of
his stock of vacant land. His only source of income are capital
gains accrued in the stock B. Using éB as the change of the land

price in a givenperiod, the landowner's tax liabilities are

LO °
(ITI1.69) T = T P B.
I IB

In order to determine the reactions of landlord and landowner to
the imposition of a comprehensive income tax, equations (III.68)
and (I11.69) must be substituted into the corresponding
laissez~-faire decision problems (II.19) and (II.46).
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The landowner's decision problem now reads

(ITI.90) Max M (t ) = [ {p (£)F (t)-z1 P (£)B(t)}expl-z (1-1 ) r(t-t Jdt.
s B © to B I B I

{r}

under the constraints

(I1.1) B(t,) > 0,

*
0 for to <t <t

(IT.17a) =z

*
1 for t >t

(IT.45) B

In equation (III.90) the market interest rate net of tax is used as
discount rate, indicating that interest earned by alternative

financial investment also is subject to taxation.

Similarly, the 1landlord's decision problem can be described as

follows:

(ITI.91) Max d M
{s,E, e,F } °©

il
t— 8

*
A(t)exp[—z(l—TI)r(t—t )l dat

under the constraints

: d d
(ITI.92) A = z(l-1t ) (mH-rD)-2(E - T PH + TP afH) + S - Fe-PF
I IH IH B

14

(11.2) H(t) >0,
(11.3) D(t)) > 0,
<

(I1.9) 0 < E< ofH,

. d
(I1.10) H = F ¢(¢)-z(8H-E),

d -

(II.14) S < PH[F @(€) -~z (@SH-E) ] + PHH,
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(IT.16) D

S,

*
0 for t, Lt <t

(IT.17a) =z .

*
1 for t > t

In the landlord's decision problem, too, the market interst rate

net of tax is applied as discount rate.

Formulating the Hamiltonians corresponding to (III.90) and (III.9%1)
and differentiating them with respect to the various control and
state variables, and considering the canonical equations, the

following optimality conditions can be achieved:

(III.93) EF ~ CF for t > t,
*
(II1.94) E = adH for t > t,
1 —
(I1I1.95) PHcp (e) =1 for t > t,
(I11.96) i {<}P > F{=}0 for t > t
. -€ = or
o =B > = 7o’
- - *
(I11.97) P =P =0 for t <t <t ,
H B Sl
N *
(IIT.98) PB =r for t > t,
- m *
(I11.99) = - == + r + qad. for t > t .
H PH

The comparison of the laissez-~faire optimality conditions with
conditions (III.93)-(III.9%99) provides the formal confirmation that
a comprehensive income tax satisfies the neutrality criterion
defined at the beginning of chapter III . The landowner realizes
that, although he is able to avoid the tax on capital gains by
advancing the sale of vacant land i.e. rearranging the structure of
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his portfolio, there is no chance to avoid or reduce his income tax
liabilities by doing so; in equilibrium the tax he would have to
pay on income earned by alternative assets is exactly the same as
the tax he has to pay due to the actual appreciation of the stock B.

Similarly, the landlord's plans ~ with respect to financing as well
as to new construction and maintenance - are not affected by the
imposition of the tax. The 1landlord remains indifferent with
respect to the financing alternatives open to him because he
realizes that the cost of every dollar equity invested in the
housing stock, i.e. interest forgone by the amount of r(l —TI)
dollars, coincides with the effective cost of every dollar loaned,
considering that interest payments are tax deductible. His
maintenance plans remain unchanged because the imposition of the
tax has an influence neither on the house price nor on the cost of
maintenance activities. The laissez-faire decision about the
construction of new housing units is not revised because the income
tax is imposed on every kind of income - especially on income
earned by assets that could be purchased as a result of foregoing
housing investment - and because in equilibrium every kind of asset

on the margin yields the same return.

3.2 The Ideal And Reality - Existing Income Tax Regulations

Current income tax regulations concerning income out of real estate
property can touch the ideal defined in (III.68) and (III.69) not
in the least. A first reason for the failure of evenly taxing
housing income is that tax authorities usually distinguish between
income earned by corporations and income earned by non-corporate
firms. In the United States, for example, corporate income is taxed
twice - on the corporate level and on the level of the individual
shareholder - whereas non-corporate income is subject to taxation
only on the personal stage. Nevertheless, in the framework of our
analysis it is unnecessary to analyze the consequences arising from
the double taxation of corporate income: the firm is able to dodge
the disadvantage of double taxation by preferring debt financing
instead of equity financing (the latter including the £financing
with both, retained earnings and the issue if new shares). For this
reason we will concentrate in the following on the taxation of

non-corporate income.
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A second and more important reason for the inefficiency of current
income tax regulations is that the definition of the income tax
base in each case differs significantly from the ideals defined in
(I1IT.68) and (IITI.69). Moreover, housing income usually is treated
differently, depending on whether it is the result of renting or of

owner-occupation.

3.2.1 Income taxation of the landowner

a) The Tax Exemption of Capital Gains and the Phenomenon of

"Land Speculation"

The appreciation of his stock of vacant land is the landowner's
only source of income. But in most Western economies tax
authorities exercise some remarkable discretion when concerned with
the taxation of this kind of income. In not a single country are
capital gains taxed on an accrual basis. And where a tax on
realization is imposed, for example in Canada or in the United
States, realized capital gains have to exceed a certain tax-exempt
amount before they are subject to taxation. This allowance is the
reason for that the taxation of capital gains is the exception rather
than the rule.

First of all from an efficiency point of view, one is tempted to
believe that this virtual tax exemption of realized capital gains
causes no problems, since the landowner is treated in the same way
as in the tax-free world. That he nevertheless changes his
laissez-faire sale plans can be proved by taking into account that
all other interest-bearing assets are subject to taxation. This*
fact can be reflected formally by using the net interest rate
(1 - TI)r as factor of discount. The market value of the stock of
vacant land in to then is

©

S *
(ITT.100) M (t ) =) P (£)F (t)expl-z(l- T )r(t-t )]ldt.
B © "t B 1

Again the landlord chooses that time path of land transactions that
maximizes the market wvalue defined in (III.100). Applying the
familiar formal steps we achieve as necessary conditions for the

optimal path of land sales:
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(IT1.101a) P
B

I
o
h
o)
R
t
N
ot
N
ot

(IT1.101b) P
B

*
(1 - TI)I for t > t .

Condition (IIT.101lb) states that in an economy that foregoes the
taxation of realized capital gains completely, the equilibrium
growth rate of the land price is smaller than in a world where a
comprehensive income tax is imposed. Consequently, the time path of
land sales must differ from its laissez-faire counterpart. Because
of the preferential tax treatment of the interest~bearing asset
vacant land, there is an incentive for the individual household to
adjust his portfolio in favour of this asset. As a result the
landowner will reduce his supply of vacant land in the planning
period to’ causing an increase in the price of land in this period.
Moreover, as time elapses, the stock of vacant land shrinks at a
smaller rate than in the tax-free situation. This can be
established by substituting the new after-tax equilibrium growth

rate into the general equation (II.76). This operation yields

(ITT¥.102) B = a - (1 - TI)r(nB+a) = constant < 0.

Hence, in every point of time after the imposition of an income tax
featuring the special characteristics discussed in this section the

stock of vacant land will exceed its laissez-faire level.

However, the reduction of the supply of land in the initial period
implies that beyond to the supply of land must shrink at a lower
rate than in the tax-free world. The formal confirmation of this
statement can be achieved by referring to the general equation
(IT.74) and considering optimality condition (III.101b). The new
equation for the time path of land supply therefore is:

(ITI.103) F =a - (1 - TI)r(nB+a) = constant < 0.

Since the time path of demand for vacant land is given, this tax-
induced change in sale plans causes the deceleration in the growth

of the land price stated in equation (III.101lb).
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The 1landowner's reaction to the income tax exemption of capital
gains accrued in the stock of vacant land can be illustrated
graphically by a turn of the isoelastic hyperbolas in the right
quadrant of figure 6. As shown in Chapter II, the slope of these
hyperbolas is

(IT1.77) _—— m e —————— < 0.
dB - -
B[a-(nB+d)PB]

According to equation (II.77), using condition (III.101b), the
slope of the hyperbolas gets steeper in every point of the
(H,B)-plane. That the tangency curve also pivots around point F
into its new position FT' follows straightforwardly from the

construction of this curve.

The tax-induced changes in the landowner's sale plans also affect
the landlord's investment plans. If we proceed on the assumption
that the landlord's income is liable to taxation as described in
section 3.1 of this chapter, his optimal investment decision is
contingent to the equilibrium conditions:

L] -
(III.104) PHw (e) =1 for t > t_,
< d. =
(ITI.105) §e{ e > F{}o for t > t_,
a = B > - 0

*
(III.106a) P = 0 for t < t < t,
H ° -
and
- m *
(III.106b) P = - —— + v + ab for t > t .
H PH -

As is known from the previous comments, the tax-induced change in
the tax payer's portfolio causes an increase in the price of vacant
land in the planning period. As can be read from conditions
(II1.104) and (III.105), the landlord reacts to this increase in

investment costs with a rise in the capital intensity of new
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housing units as well as with .a reduction of his initial
construction plans. This decline in the propensity to invest is
reflected in the leftward shift of the supply-curve illustrated in
the left quadrant of figure 12. In chapter II the fact that the
numerical value of the differential dH/dB varies directly with the
horizontal distance of the supply curve from the vertical axis is

derived from relation

-1
(IT.55)" PH =1/¢'le (|aH/as)], dPH/d(|dH/dB|) > 0.

Figure 12
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In addition to the tax-induced increase in investment costs the
landlord also experiences a tax-induced reduction in the
rentability of the housing stock existing in the planning period.
This economically intuitive statement - because of the preferential
tax treatment of income earned by vacant land housing stock is the
less desirable asset - can be proved by referring to equilibrium
conditions (III.101b), (III.104)Aand (III.lQS).-From the latter two
conditions the growth equations PH = Beand ¢ = P B can be derived

easily.

Using the modified Hotelling-rule stated in condition (III.1l01lb),
the equilibrium growth rate of the house price therefore is

(II1.107) P =B8(l1L - T )r.
H I

According to (III.107) capital gains incurred in the housing stock
shrink in response to the tax exemption of capital gains accrued in
the stock of vacant land. Consequently the user cost of capital in
the housing sector must be higher compared to a situation where a
comprehensive income tax is levied. Solving condition (III.106b)
for PH and using the relationship found in (III.107) results in the

function for the demand curve N' in the left quadrant of figure 12:

(IIT.108) P = ——mm———mmm——mmmm e .
H (l—TI)r(l—B) + aé

Comparing function (III.108) with the corresponding laissez—faire‘
relationship, it is easy to see that the value of the ratio on the
right-hand side of equation (III.1l08) decreases under the influence
of the tax regulations discussed in this section. For this reason
the graph of (III.108) must lie to the right of the laissez-faire

demand curve N.

Referring to figure 12 the dynamic effects of the tax exemption of
capital gains accrued in the stock of vacant land can be deducted
in a straightforward way. The landlord is not willing to defray the
increase in the cost of building land in the initial period to'
Instead of this he temporarily suspends the construction of new

housing units. Construction activities will be resumed when as a
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consequence of the steady increase in the demand for housing
services the value of the marginal product of land again equals the
desired price of 1land. Despite this transitory halt in housing
investment, the stock of housing units will exceed and the rental
rate will fall short of their laissez-faire level in finite time.
The landlord anticipates the landowner's willingness to increase
the supply of vacant land in the long run, compared to the tax-free
situation. The associated decrease in construction costs will cause
an acceleration in the landlord's future propensity to invest.
Substituting condition (III.101b) into the general growth equation
(ITI.71) for the housing stock yields

(I11.109) H = a - nB (1l - TI)r:

Equation (III.109) provides the formal confirmation that after the
exemption of capital gains accrued in the stock of vacant land from
the comprehensive income tax base, the growth in the stock of
housing wunits accelerates. Since (I1IT.109) also allows for
conclusions concerning the dynamics of the supply of housing
services, it follows that given the time path of demand for these

services the house rent grows at a lower than Pareto-optimal rate.

It is also important to note that from an efficiency point of view
the stock of vacant land in every point of time beyond to is bigger
than desirable. The formal proof of this statement can be derived
by substituting equilibrium condition (III.101b) into the general
equation (II.76), the latter defining the shrinkage rate of stock B

b) Taxing Capital Gains on Realization

That the tax exemption of capital gains accrued in vacant land
encourages the holding of vacant land is a fact tax authorities and
politicians should be worried about. But especially in the
political field proposals suggesting the taxation of capital gains
have been repeatedly blocked in the past:

- The usual argument promoted against taxing accrued capital gains

is that it is unfeasible because of administrative difficulties;
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- the proposal of taxing capital gains on realization is declined
with the very popular argument that it induces the landowner to
postpone the sale of vacant land. The intuition behind this
argument is that the deferral of land sales gives the landowner
the chance to defer his tax payments, thus 1leading to a

reduction of the tax burden (measured in present values).

The analytical framework of our analysis 1is certainly not
appropriate to settle disagreements concerning the first argument.
But it should be noted that the recent tax literature boasts a
number of proposals on how to implement a tax on accrued capital

gains in an administratively manageable way.

However, the second argument exhibits a noticable lack of logical
consistency. In arguing against the taxation of realized capital
gains it makes no sense to refer to the tax-free situation. A
proviso against this form of taxation can be justified only by the
proof that a tax on realized capital gains amplifies the incentive
to postpone the development of vacant land induced by current tax
regulations. The following analysis will show that the opposite
helds.

If capital gains are taxed upon realization, tax revenues are
independent of changes in the market value of the stock B. It is
the change in the market value of the flow of vacant land, Fs,
consumed in a given period that is subject to taxation. This change
of value is equivalent to the difference between the going resource
price, PB, and the resource price that prevailed in a certain base
period. Let to be this base period. Revenues of a tax on realized,

capital gains in a given period t are equal to

LO s
(II1.110) T () = 1 [P (t)-P (t)]F (t).
I I B B ©

Using equation (III.110) the landowner's planning problem reads

® s LO *
(IIT.111) max M(t,) =[ [P (1)F (£)-T (t)lexpl-z(l -t )r(t-t )1dt,
{Fs} to B I I

under the constraints (II.1l), (II.l7a) and (II.45).
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The Hamiltonian corresponding to (III.11ll) is

s S s

(T11.112) ¥ = (1 - 1T )P F + 2z1TP (t F-AF .
I B IB © B

In equation (III.1l12) the parameter AB represents the shadow value
of the stock of vacant land. Differentiating (III.1l1l2) with respect
to the variables Fs and B and considering the canonical equation
for B the following necessary conditions for the optimal path of

land supply can be obtained:

(ITT1.113) A = (1 - zT )P + zTP (t)),
B I B I B ©

(ITT.114) A =-2(l - T )ra = 0.
B I B

Because PB(tO) is constant, it follows from (III.1l13) that

A ={(l -zT1)P .
B I B

Subsituting this relationship into (III.114) we obtain

- *
(III.115a) PB =0 for tO <Lt<t,

B
(ITI.1156) P_() = (1 = T)r + T r ———"m for t > t .

Equation (III.11l5b) states that in every point of time after the
imposition of an income tax including the taxation of realized
capital gains the land price grows at a higher rate compared to the
situation where the taxation of capital gains is entirely foregone

[only for t=« both growth rates are the same because of %E&PBUj=wl
This result gives rise to the surprising conclusion that there is
no "lock-in" effect induced by the taxation of realized capital
gains. On the contrary, including realized capital gains in the
income tax base reduces the incentive to postpone the development

of vacant land.
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The economic intuition behind this result is straightforward.
Suppose that in addition to a tax on interest income there is a
sales tax instead of acapital gains tax imposed; tax base is the
value PBFS of land transactions in a given period. Because the
price PB and therefore the tax base grows at a rate which is equal
to the discount rate (1 =~ TI)r, the imposition of such a tax
obviously would have no impact on the resource owner's sale plans.
The difference between a tax on realized capital gains and the
above sales tax is that a tax on realized capital gains is assessed
only on the appreciation in the resource price between the base
period to and the date of sale, leaving the initial price PB(to)
tax-free. Therefore a tax on realized capital gains 1is equivalent
to a combination of a (neutral) sales tax and a government subsidy
on the sale of the resource, worth TIPB(to) for every unit sold.
Obviously, the current value of this subsidy is independent of the
date on which the transaction takes place. Therefore, the present
value of this subsidy is greater the earlier a given quantity of
vacant land is sold. Condition (IIX.115b) also states that the tax
induced incentive to advance the sale of a given quantity Fs is
greater the earlier the sale of the same quantity would have been
planned in a tax-free economy. For t-»« this incentive approaches
zero because the relative importance of the tax subsidy, compared

to the tax liability, approaches zero.

Equation (III.115b) also states that in comparison to the tax-free
situation or to a situation where a comprehensive income tax is
imposed, the assessment of an income tax including realized rather
than accrued capital gains unambiguously results in a deferment of
land sales. This can be seen from rearranging condition (III.115b)
to

- 1B B © *
(ITI.115D) ' P (t) = T = ==-==—=som———oo-o- for t 2 t .

The tax-induced decrease in the land price's growth rate indicates
that the landowner responds to the imposition of an income tax of
the type discussed above with an adjustment of his portfolio in
favour of vacant land. A glance on the transversality condition for

stock B confirms that as a consequence of this reaction the supply

of vacant land beyond t, has to be higher than it would have been
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in the laissez-faire economy. Given the time path of land demand,
this change in sale plans causes the reduction of the growth rate
described in (III.115b). But is has to be stressed that it is not
the taxation of realized capital gains which is responsible for
this reaction. The postponement rather 1is the result of the

collision of two opposite effects:

- First, as shown in case a) of this section the exemption of
accrued capital gains from the tax base provides an incentive to
postpone the sale of the resource. In equation (IIT.115b) the
term (1 - TI)r illustrates this incentive algebraically;

- Second, the inclusion of realized capital gains in the tax base
provides an incentive to advance the sale of vacant land, this
incentive is represented by the term rTIPB(tO)/PB(t) in equation
(ITII.115b).

On balance, the above tax regulations result in a postponement of
sales. But this arises because of the exclusion of accrued capital
gains from the tax base rather than from a taxation of realized

capital gains per se.

3.2.2 Income taxation of the landlord

Current income tax regulations fail to fulfill the requirements for
an uniform taxation of housing income. One reason for this failure
is that a prospective houseowner who decides to build his home by
himself instead of buying it is treated preferentially, compared to
the prospective owner-buyer. Because the value added by laying
bricks, painting window frames, etc., although always representing
income from an economic point of view, is tax free as long as these
services are not traded in markets, the prospective owner might
(legally) reduce the cost of his housing investment by carrying out
such activities himself. The incentive to do this lasts as long as
the opportunity cost of do-it-yourself activities - loss in wage
income net of tax and/or in utility-bearing leisure - fall short of

their benefits.

In the partial equilibrium context of this analysis the associated
inefficiencies are easy to localize - the discriminating income tax

treatment of home buyers violates the condition for an optimal
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intersectoral allocation of construction services. Corresponding
welfare losseés can be illustrated by the plane of a Harberger
triangle. Moreover, additional welfare losses might be induced if
the owner-builder is not experienced in do-it-yourself activities,

thus causing a reduction of welfare gains from specialization.

However, 1in a general equilibrium framework these welfare losses
are at least partially offset by the welfare gain that results from
a distortion of the individual work-leisure choice. Compared to a
situation where the monetary equivalents of non~traded services are
subject to taxation, the exemption of such services induces the
individual tax-payer to change his work-leisure-choice in favor of

work, thus coming closer to his Pareto-optimal labor supply.

In what follows we will restrain from considering tax induced
inefficiences within the acquisition stage of housing units and
focus on inefficiencies arising during the utilization period of

these units.

There are two reasons for possible welfare-losses incurred in the
taxation of housing income. First, housing income is taxed
differently, depending on whether this income results from renting
or from owner-occupation. Second, in both cases the definition of
the respective income tax base deviates significantly from the
ideal defined in equation (III.68).

a) Taxing Rental Income

If the 1landlord rents his stock of housing units, his taxable
income is the figure obtained after a number of deductions have
been subtracted from total rental revenues, m H. In accordance with
equation (III.68) current income tax laws declare mortgage interest
payments as tax deductible. But that is about the sole

correspondence to the base of a (neutral) comprehensive income tax.

Instead of including changes in the market value of the existing
housing stock, éH H ~ PHQGH, into the tax base, today's regulations
provide for an allowance based on the purchase value of
construction services embodied in that stock. In terms of our

analysis, the dynamic behaviour of the stock of construction
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services, K, can be described by the motion equation
. d
(IIT.28) K =F € - (6K - E).

At any given point of time the change in the stock of construction
services 1is the net result of new construction, maintenance, and
deterioration. Equation (III.28) implies that the revenue
authorities apply the "true" rate of deterioration, & . But
catchwords 1like "accelerated depreciation" indicate that this 1is
not the case. Usually for tax purposes a depreciation rate, u, 1is

assigned that exceeds the rate S.

Moreover, maintenance investment does not enter the asset side as
far as income taxation is concerned - expenses for maintenance are
immediately and completely deductible from the income tax base.
This implies that the parameter E is excluded from the base for

depreciation allowances.

Taking these deviations into account, the measure of construction
*
services for income-tax purposes, K , changes its value over time

according to the following equation:

d
(ITI.116) K* = F € - ukK*.

*
The term pK represents the value of the landlord's depreciation

allowances in a given period.

Consequently, the landlord's income tax liabilities are defined as

LL *
(ITT1.117) T =1 (mH - E - rD - pk ),

I I
the parameter T_ again representing the (proportional) income tax
rate. With respect to (III.1ll7) the distribution net of tax, A, in

a given period adopts the value

d d *
(ITI.118). A = z(l—TI)(mH - E-1rD) +S -F ¢ - PBF + ZTIuK .
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Therefore, the landlord's planning problem reads

(I11.119) max M =
d H
[s,E, &, F } °

t— 8

*
A(t) exp (-z(l—TI)r(t—t )1 de,

under the constraints (II.2), (II.3), (II.9), (Ir.10), (Ir.14),
(I1.16), (Ir.17a), (II1.116), and (III.118).

The Hamiltonian corresponding to this planning problem is

(111.120) X

[

d d *
z(l-1) (mH-E-xD) + S = F ¢ = P F + z1ukK
I B I

+

d
PH[F 9p(e) - z(adH-E)]
d *
+ A (Fe - zuk )
K*

- A _S.
D

*
The parameter AK* is the shadow value of stock K .

That the current tax treatment of housing income has no impact on
the landlord's financing behaviour can be proven by differentiating

(IIT1.12) with respect to S. Because of
aM
= H_

A _— = -
D oD

4

the partial derivative 3X/3S implies
(ITIr1.121) 1 + xD = 0 > EF ~ CF.

Since interest payments are tax deductible and interest income 1is
subject to taxation, the costs o0f credit financing and the
(opportunity) costs of equity financing are the same. For this
reason the landlord could not derive any advantage from altering

the financing structure of his housing stock.
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From the above it follows that the second term on the right~hand

side of optimality conditions

93 X X 3s
(IT.24) o= = = 4+ -2« 22,
JE oE 3S 9E

93 ¥ 23 S
(II.28) D T e e o
de e 3S d¢e

9% X X 98

(I1.29) —== = == + == °* —-=,
d a s a
oF oF oF
33 53X K 23S
(I1.30) = == = - [=2"4+ ==+ —=
5H 3H  3S  2H

vanishes (it is 3¥/3S = 0).

Given the assumption about the house price made in chapter II (PH > 1
for all t > to) the time path of maintenance investment also
remains unaffected by the deviations from the comprehensive income
tax described above. However, the effective cost of maintenance

decrease owing to taxation.

Differentiating (IIT.120) with respect to E, we achieve
(ITT.122) P >1~2z1.
H I

It was shown in section III.1 of this analysis that an efficient
taxation of housing income implies that maintenance expenses must
not appear in the income tax base. Allowing the immediate deduction
of maintenance, the public sector shares in maintenance cost

according to the imposed income tax rate.

While the landlord maintains his initial financing and renovation
plans, his plans concerning the construction of new rental
accomodation vary considerably from those prevailing in a tax free
economy. To see this, the Hamiltonian in (III.20) must be

d *
differentiated with respect to the variables F , €, H, and K .
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The necessary conditions for a solution to these planning problems

imply

(IT1.123) P ¢'(e) = 1-x for t > t ,
H K* =
8 < 4=
(III.124) <~e (1-2 ) {=} p = F [} O for t > t_,
o K* B - - ©
(II1.125a) P = 0 for t_ <t < t,
H o =
- (l—TI)m
(IIT.125b) P = ~ -=om——w + (l-1 )r + ad for t > t*,
H P I =
H
T
™
(ITI.126) A = —-ofoo——e
K* (1-T )r+u

The right-hand side of condition (III.123) states that the per-unit
cost of construction services - one dollar per unit in the tax-free
situation - decreases due to actual income tax regulations.
Equation (III.126) describes the shadow wvalue AK* as the present
value of income tax refunds allowed by the marginal service unit.
In fact it turns out that current "depreciation allowances" are
actually a governmental subsidy on the use of construction services
(because actual income tax laws only allow for the deduction of
historic acquisition costs, this subsidy decreases in value in the
presence of inflation). Knowing this, it is not surprising at all
that in response to the imposition of the tax the landlord alters
the combination of inputs, reducing the input of land; as stated in
condition (III.124) the capital intensity of land varies directly:
with the shadow value AK*' all other things equal. Moreover, the
tax subsidy on construction services leads to a reduction in the
production cost of new rental accomodation, thus making investment
in rental accomodation more attractive. This follows from
conditions (III.123) and (I11.124), considering the assumed
properties of the construction technology, i.e. ' > 0, o¢" < 0.
Both conditions can be fulfilled simultaneously only if the house
price, PH, prevailing after the imposition of the tax falls short
of its laissez-faire counterpart. Given the demand for housing
services, this implies that the optimal housing stock in the

after-tax equilibrium exceeds its laissez~faire level.
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Despite the discriminatory income tax treatment of building 1land,
the laissez-faire relationships between the endogenous growth rates

remain unchanged. From (III.123) it follows that
(111.127) P_ = Be,

H
and (III.124) implies

(III1.128) € =P .
B

A glance at condition (III.125b) confirms that present income tax
regulations also influence the user cost of wealth in the housing
sector; however, confined to the partial equilibrium framework of
our analysis, it 1s not possible to say whether these costs
decrease or increase. Choosing the Pareto-optimal portfolio as a
reference point, equation (III.1l25b) shows that the user cost
- increases because the deterioration-induced 1loss in housing
property does not enter the income tax base;
- decreases, because capital gains accrued in the housing stock
are not subject to taxation.
Whether present income tax laws prefer or discriminate against the
housing stock relative to other assets obviously depends upon the
change of the market value PHH over time. Provided that income
earned by alternative assets is entirely subject to taxation, for
ﬁHH - PH adH > 0 (< 0) the above deviations from a comprehensive
income tax base tend to encourage (discourage) investment in rental

accomodation.

It is important to note that these results only hold if we examine
the landlord's planning problem in isolation. The description of
tax effects will be different if the landowner's reactions to the
tax exemption of capital gains are taken into account. Because
capital gains accrued in the stock of vacant land are also tax
exempt, an investment in housing stock so far yields no specific
advantages. However, there remains the disadvantage of deterioration-
induced capital 1losses not being deductible from the income tax
base. Given this disadvantage housing stock is unambigeously the

less desirable asset. The formal proof for this intuitive result
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can be found by noting that according to the after-tax equilibrium
growth rates in (IIT.108b), (III.127) and (III.128), the 1landlord
responds to the landowner's tax-induced alteration of sale plans in
a way that causes the house price to grow at a lower rate than the

laissez-faire rate:

III.129 P = = 1 - .
( ) - BPB B( TI)r

Substituting (III.129) into condition (III.125b) yields, after
rearranging terms, the function of the demand curve N' in figure 13.

(I11.130) P = =—mee——me————
H

Comparing the demand function in (III.130) with the corresponding
laissez-faire relationship (that can be derived from (III.130) by
setting TI = 0), one recognizes that c.p. the house price decreases
in response to income taxation, indicating a relative decrease in
the profitability of the housing stock as an asset. In our
graphical analysis the consequences of the resulting tax induced
portfolio adjustment can be 1illustrated by a shift of the demand
curve to the right. This is done in figure 13, where N represents

the laissez-faire demand curve.

Figure 13 also exhibits a rightward shift of the supply curve.
There are two causes which are responsible for this shift. The
first is the reaction of 1landlord and 1landowner to the tax
exemption of capital gains accrued in the stock of vacant 1land.
These reactions also cause the shift of the curves shown in the
right quadrant of figure 13. The previous section contains the
detailed explanation of the economic intuition behind the graphical
presentation. Second, as pointed out above, depreciation allowances
not only favour the use of construction services in the production
of housing units but also cause a reduction in the overall
production costs. That this results in an immediate increase in the
landlord's propensity to invest can be proven by substituting the

inverse of optimality condition (III.123) into the general supply-
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Figure 13
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function (II.79). This operation generates

(ITII.131) H(t) = o{oly (=m===- )1} .

Considering that &', ¢', =-o" < 0, it follows from (III.131) that
*
for any level of the house price PH(t ), the corresponding optimal
*
housing stock H(t ) is bigger than in a world with a comprehensive

income tax.

Since both, the demand curve and the supply curve simultaneously
shift to the right, the short-run incidence of the income tax
regulations discussed so far is ambigeous. A clear cut statement
can be made only if detailed information is available about the
relative size of the two tax-induced counteracting effects.

Figure 13 features the special case where the advantage of the tax
subsidy on construction services just offsets the disadvantage of
not being allowed to deduct capital losses caused by deterioration.
In this special case the tax on income from real estate property is
neutral as far as the short run is concerned. Also conceivable are
scenarios in which one effect dominates the other, 1leading to
either a short-term construction boom or a temporary halt in

construction activities.

Since the tax on rental income does not affect the economy's growth
characteristics, any distortion occuring in the short run will
persist in any future period. If the imposition of an income tax
akin to current tax laws induces a short-term construction boom,
then in every period beyond tO the housing stock will exceed its
laissez-faire 1level. Also the rental rate, the house price, the
supply of vacant land, and the stock of vacant land will fall short
of their respective laissez-faire levels. The opposite holds if the
landlord's initial reaction consists in a transitory investment

stop.

Whatever the reactions of the rental market in the short run, it
will always pay for the 1landlord to choose a higher capital
intensity of 1land because of the preferential treatment of

construction services.



109

We can summarize the results derived in this chapter as follows:
although catchwords 1like accelerated depreciation suggest an
unambigeously preferential treatment of housing property by current
income tax regulations it is impossible to say whether the housing
sector compared to the laissez-faire allocation benefits or suffers
from the deviations from a comprehensive income tax typical for

income tax laws in force in almost all Western economies.

b) Taxing Income from Owner-Occupation

Owner-occupation differs from renting in one economically
significant aspect: in the case of owner-occupation the consumption
good "housing service" is not traded in a market; therefore there
are no monetary flows related to the exchange of this good.
However, the absence of a direct monetary measure does not
necessarily imply that housing income cannot be determined if the
landlord decides to live in his own house. The vast literature on
imputed rent confirms that. One way to estimate income from
owner~occupation 1is to assume the gross revenues earned by
comparable, but rented housing units as imputed rent, add the
change in market value, fHH - PHuéH, and allow for the deduction of
all interest liabilities related to housing property. The resulting
tax base thus will come close to the ideal defined in (III.68).

An alternative measure for the income earned by owner-occupation is
the product between the market interest rate, r, and the market
value of equity tied into the housing stock, PHH - D. A simple
arbitrage consideration shows why an income tax assessed on the
flow r(PHH - D) has to be neutral. At the beginning of every period
the owner-occupier can choose between two alternatives. The first
is to sell the stock of housing units at the actual market value,
PHH. After paying off his debt, he can invest the remaining amount,
PHH - D, in financial assets, guaranteeing him an annual gross
income stream of r(P_.H - D) dollars. The second alternative is to
keep his stock of housing units; the income stream resulting from
this alternative is mH + ﬁHH - rD-PHaéH. An arbitrage equilibrium
obviously requires the owner-occupier's indifference between both
options. Proceeding on the assumption of ration?lity, this
indifference implies that both flows,[r(%fi-lm]and[nﬁ +.%§i— rD—PHaGHL
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have the same value. Correspondingly it will make no difference
to the landlord whether he has to pay taxes of TIr(PHH~D) or
T_{(mH-P H-rD-P odH) dollars.

I H H

Despite the possibility of taxing imputed rental income, in
practise the owner-occupier can enjoy the benefits of his housing
property unburdened from taxation. This holds by and large for
European as well as North American countries. However, there is one
peculiar characteristic in the U.S.-income tax law that makes the
income tax treatment of U.S.-owner-occupiers unique: despite the
fact that the imputed rent is tax exempt, interest payments related

to owner-occupied housing property are tax deductible. In the

following equation the parameter Y2 indicates this specific
regulation:

LL
(ITT1.132) T = -Y_ T rD.

I 21
Equation (ITT1.132) contains the formal description of the
owner-occupier's tax "liabilities". The parameter Y2 can adopt the

values "O0" and "1", the value "l1" indicating the situation in the
U.S.

Using the information ©provided by equation (III.132), the

distribution in a given period is
d a
(IT1.133) A = z(mH-E-rD) - F € - PBF + zYZT rD + S.
I

Since the market value of the owner-occupied housing stock is the
sum of present values of actual and future distributions, the

owner-occupiers planning problem reads

(ITI.134) max M (t)= | A(t)expl-z(l-t )r(t-t)ldt
d H © t I
{s,E,F ,e} ©

under the constraints (II.2), (II.3), (II.9), (I1.10), (II.14),
(IT.16), (II.17a) and (III.133). The Hamiltonian for this control

problem is
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d d
(1171.135) X = 2Z(MH~E~rD) - Fe¢ - P F + zYZT rD + S.
B I

+

d
PH[F ¢(e) - z{(afH - E)]

+ A 8.
D

To determine the owner-occupier's financing preferences, we have to
differentiate (III.135) with respect to S.

3K
(ITT.136) —-—- =1 + A |
a8 D

VIEA

} 0 = =F {2} cF.
<

From the definition of the shadow value of the stock D it follows
that
(1-vy 1 )r

2 I
(I11.137) AD = - mmmm————

The numerical value of parameter XD obviously depends upon the
value of parameter y_. In the case where interest payments are tax
deductible (YZ = 1) it is AD=4-1. Substituting this into (III.136)
yields

(II1.138) EF ~ CF for yz =1,

The U.S. income tax regulations thus ensure that the owner-occupier
does not develop a preference for one of the two financing
alternatives open to him. The effective cost of every dollar
borrowed are equal to the opportunity cost of every dollar equity
tied into his housing stock. Therefore no gain can be achieved from
changing the financing structure of stock H in favor of either

alternative.

In the case where interest payments are not tax deductible, the
landlord will reveal an unambigeous preference for
equity financing. This 1is because the opportunity cost of this
alternative, i.e. (l—'&)r dollar interest forgone for every dollar

equity, now are lower than the cost of borrowing. The preference
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can be derived formally by setting Y2 = 0, what in turn implies
A < -1 or
D

(II1.139) EF > CF for Y2 = 0.

Although credit financing does not qualify as a rational option, a
"poor" owner-occupier who does not dispose of enough equity is
forced to choose this alternative. It is plaubsible to suspect that
this tax-induced incompatibility between preferences and
possibilities also influences the "poor" owner-occupiers investment

behavior.

To detect the impact of the respective financing decision on the

propensity to invest, one has to refer to the general conditions

0¥ ¥ 33 3aS
(II.24) O
JE JE 98 oE
I 3 3K 3s
(I1.28) == = == 4+ == + ==,
de de 3s de
K K K 3s
(II.29) ——— T emm— A —— ¢ e ,
d d 3s a
oF oF 3F
EHY X ¥ oK
(II.30) = —= = =[-= + —= =+ ==1,
oH 9H 9S8 9H

As is shown above the deductibility of interest payments from the
income tax base implies 23X/ 3S = 0. In the case where interest
payments are not tax deductible, the partial derivative 03¥/3S is
smaller than =zero, an indication that egquity financing is
preferred. Given that the owner-occupier is "wealthy", i.e. capable
to finance his housing investment with his own money, it is

38 39S 38

= - = —=—= = (.,

Je d
oF

a8
(I11.14) =-=- =
JE

Therefore, in both cases the second term on the right-hand side of
conditions (IT.24), (IT.28)-(IT.30) wvanishes. Consequently the
necessary conditions for the owner-occupiers maintenance and

investment plans read



113

0 fort <t < t,

(o]
(II1.141) E =
o6H for t > t*,
(I11.142) P o'(e) =1 for t > t_,
H - (o]
B < da =
(III.143) =-c {=} P =>F {>} 0 for t > t_,
a B - - 0
(III.144a) P = 0 for t_ <t < t,
H S
- m *
(III.144b) P = - == + (l=-1 ) r + ad for t > t .
H PH I -

Condition (III.141) states that the 1landlord sticks to his
laissez-faire maintenance plan or the plan chosen under the regime
of a comprehensive income tax, respectively. Since the cost of
financing and the treatment of maintenance expenditures within the
two alternatives discussed above are the same as in the case where
housing income is taxed efficiently, this result is not surprising.
Also the initial decision concerning the choice of the optimal
capital intensity remains unchanged, indicating that contrary to
the taxation of rental income the tax regulations discussed above
do not discriminate against the use of land in producing housing
units. Conditions (III.142) and (III.143) confirm this statement
formally.

Nevertheless, the tax exemption of his imputed rental income
affects the owner-occupier's housing investment plans. This can be
read from condition (III.1l44b). Provided either that interest
payments are tax deductible or that the owner-occupier is capable
of equity financing, the present tax treatment of owner-occupation
leads to a decrease in the user cost of capital in this sector. The
net rate of return on every dollar invested in housing stock,

[m/PH + PH - ad8], now has to cover the lower opportunity cost of the
same dollar compared to the case of a comprehensive income tax,

i.e. interest forgegone net of tax (l—TI)I. The decrease in user
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cost indicates an increase in the profitability of owner-occupied
housing investment. The resulting rise in the propensity to invest
can be explained easily by considering that the tax exemption of
imputed rental income provides a (legal) loop hole for tax

avoidance.

The consequences of the preferential income tax treatment of the
interest bearing asset "owner-occupied house" can be illustrated
graphically by a leftward shift of the laissez~faire demand curve
in figure 6. Solving condition (III.144b) for PH and considering
the impact of the tax exemption of capital gains accrued in the
stock of vacant land (being reflected in (III.129)) yields the
functional relationship for the after-tax demand curve N' in figure
14:

(ITI.145) P = ——mmm—m—mmmmmmme o .
H [(l-rI) (1-Byr + ad]

The comparison with the respective laissez-faire relationship shows
that the value of the fraction in condition (III.145) varies
directly with the value of the tax rate. For every rental rate m
and thus, since the demand for housing services is given, for any
given level of the stock H the house price exceeds its

corresponding laissez-faire level.
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Figure 14

Figure 14 shows that the present tax treatment of imputed rental

income stimulates construction activities in the short run.
Starting from the equilibrium situation indicated by J and F,
respectively, the introduction of an income tax that leaves imputed
rental income tax-free causes a temporary construction boom for new
buildings. As a result of this process the stock of housing units
adjusts from its initial level H(to) to the new optimal level H(t*).
After the end of the meta-time period the system evolves along the

path FD . Since the tax treatment of imputed rental income has no
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impact on the endogenous growth rates*{ at every point of time

beyond t*

- the stock of housing units is larger, and

- the stock of vacant land is smaller

than they would have been in the tax-free situation. Also the time

path for

- the capital intensity of land and

- the price of vacant land (in order to induce the landowner to
support his additional investment plans, the landlord has to
pay a higher price for land)

will be located above their laissez-faire levels. On the other hand

the level of rental rates and thus the level of house prices will

stay permanently below the respective laissez-faire paths:only if

the 1landlord 1is willing to accept a 1lower rental rate the

households are willing to purchase the increased supply of housing

services.

All these results are derived under the assumption that interest
liabilities are income tax deductible or that the landlord disposes
of sufficient equity to finance housing investment in the cheapest

way.

If instead interest 1liabilities are not tax deductible and the
landlord is a "poor" investor, who cannot opt for the relatively
cheap financing alternative, the impacts of current income tax
regulations are different. As described 1in <chapter II, the
landlord's credibility in a given period is restricted to the

increase in the market value of stock H in this period:
N d
(III.146) S < PHH + PH[F o(e) - (adH - E)].

But since the "poor" landlord is aware that credit financing is the
relative expensive alternative he will lay claim on this margin as
little as possible. The loan he raises in a given period in order

to cover his investment expenses is instead

d d
(ITIT.147) S = F & + PBF + zE.

*) From (III.142) it follows PB= Be, and (III.149) implies PB=€;

moreover the growth equations for the housing stock and the stock

of vacant land are still valid.
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From equation (ITI.147) the following partial derivatives follow

straightforwardly:

( 148) i

ITI. -——= =z
E !
S d

(ITI.149) —= = F,

3s
(I11.150) =--- = € + P
d B
oF
3s
(IIr.151) =-- = 0.
dH
Because the case considered now implies Y2 = 0, it follows from

(IT1T1.136) and (III.137) that

T
X I
(III.152) == = = ===
as 1-1
I
Using the general conditions (II.24), (I1.28) =~ (II.30) and
considering the partial derivatives in (IITI.148) - (III.151), the

poor landlord's investment decisions have to fulfill the following

conditions:

=0
< zZ
(111.153) P {-} -=-- > E > 0. for t > t_,
H > 1-1 - ©
T = adH
1 *
(ITI.154) P 9'(€g) = —=~- for t > t ,
H 1-T =
I
B < d. =
(111.155) e (=} 2_ > F {3} 0 for t > t,
(III.156a) P = 0 for t_ < t < t,
H o =
- m *
(ITII.156b) P = - -=- + (1-1T)r + aé. for t > t .
H P I =



118

Conditions (III.153) - (III.156b) confirm the conjecture that the
"poor" 1landlord cannot enjoy the benefits of the income tax
exemption of his imputed rental income to the same extent as his
"wealthy" counterpart. Condition (III.156b) indicates that the user
cost of capital decreases by the same relative amount as in the
case of the "wealthy" owner-occupier or in the case where interest
payments are tax deductible. In so far his equity tied in housing
stock, i.e. accumulated capital gains, is as profitable as in the
previously discussed cases. But the effective investment costs
increase due to the non-deductibility of interest payments. This is
shown by conditions (III.153) - (III.155). Because the landlord is
forced to finance his investment with relatively expensive credits,
maintenance investment is a rational option only if the house price
exceeds the, compared to the tax free situation, higher level

1/(1- TI). For the same reason the landlord will cut back his
construction activities in the planning period. Since the income
tax regulations discussed in this section do not discriminate
against either one of the two factors of production (and thus do
not affect the capital intensity, e¢), condition (III.154) can only
be fulfilled if in the new after-tax equilibrium the house price
exceeds its laissez-faire level. This in turn implies that the

optimal housing stock has to be lower than in the tax-free model.

Since these two opposing effects cannot be gquantified without
further information, the net impact of the tax exemption of imputed
rental income on the "poor" owner-occupier's investment behaviour
is ambigeous. However, we can conclude from the interdependence of
the financing and investment decisions that it is always easier for
the "wealthy" owner-occupier to acquire housing property. It is
also worth noting that the results derived above do not allow for a
similarly clear-cut general statement concerning the comparison
between owner-occupying landlord and renting landlord. Which "type"
of housing investor benefits more (suffers 1less) from income

taxation cannot be settled without an appeal to specific data.
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c) Owner-Occupation and the tax-exemption of realized capital

gains

The analysis in sub-sections a) and b) assumed that, once acquired,
the landlord utilizes his housing property until the end of its

life. If the landlord's opportunity to sell his property is taken
into account, it can be shown that it is more likely that present
income tax laws might prefer the owner-occupier at least as far as
liquidity aspects are concerned. Responsible for this result is
the tax treatment of capital gains realized in the housing stock, H.
In most countries of Western Europe the owner-occupier's realized
capital gains are tax exempt, provided that a certain period of
time between acquisition and sale has elapsed. In Canada, the
owner-occupier's realized capital gains are subject to taxation to
the extent that they exceed a well defined lifetime limit. The tax
exempt amount is high enough to justify the judgment that in Canada
also, capital gains from owner-occupation can be realized tax-free.
The United States allows for the roll-over of realized capital
gains (as far as owner occupation is concerned) contingent to the
requirement that the seller within a well-defined time span
purchases a home not cheaper than the one sold. Capital gains
realized in rented housing stock, however, are generally subject to
income taxation. Obviously, neither the U.S. regulations concerning
owner-occupation nor the tax treatment of realized capital gains
from rental accomodation bear a distinct advantage. Compared to
this, the owner-occupier experiences an unambigeously preferential
treatment in Canada as well as in Europe, whenever he decides to

sell his home.

d) Towards an efficient taxation of housing income

It was mentioned earlier that none of the tax instruments currently
applied to housing income satisfies the requirements of an
efficient income taxation.
Causes for associated welfare losses are
- in the case of rental accomodation:

- the present treatment of capital gains and capital losses in

the stock of housing units,
- the deductions for "depreciation" conceded by actual tax

laws, and
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- the immediate deductibility of maintenance expenditures;
- in the case of owner-occupation:
- the tax exemption of the landlord's imputed rental income,
and
- the non-deductibility of interest~payments related to housing
property.
The first step towards a more efficient taxation of housing income
might be the abolition of the co-existence of two principally
different taxation procedures. In the partial equilibrium context
of our analysis the final goal would require
- the non-deductibility of maintenance expenditures and
"depreciation" allowances and the consideration of changes in
the market value of the housing stock over time;
- in the case of owner-occupation the taxation of the imputed
rental income estimated according to the techniques introduced

in subsection b).

However, there are two arguments that can be advanced against these

proposals:

- from an administrative point of view it might be argued that
the required regular assessment of housing property is too
costly. If this objection is legitimate, the tax-exemption of
accrued capital gains could be defended even because of welfare
considerations;

- faced with the theoretical background of our analysis more
momentous is the argument that the neutrality results derived
in the preceding sections do not allow for Jjudgments
concerning the intertemporal efficiency of income taxation.

As a matter of fact it can be shown that the present treatment of

imputed rental income from owner-occupation violates the conditions

for an intersectoral efficient allocation of resources but may meet
the requirements of intertemporal efficiency.

)

As is known from standard microeconomic analysis* the intertemporal
exchange optimum in a tax-free world can be characterized by the
equality of the household's rate of time preference, 7w, and the
rate of return on the economy's accumulated capital stock. In terms

of our analysis this optimum can be described by condition

*
)See, for example, Fisher (1931), or Hirshleifer (1970).
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m
(III.157) (=r) = -- + P - ad .
PH H

The comprehensive income tax described above 1is neutral in an
intra-sectoral context - the after-tax situation still is

characterized by

-

m
(II1.158) r = -- + P . - agd;
P H
H
but because interest income is subject to taxation, the tax drives

a wedge between the rate of time preference and the gross market

interest rate:
(IT1.159) 1 = (l—TI)r.

Since the tax reduces the opportunity cost of dissaving, households
are encouraged to increase their current consumption to the debit
of future consumption, i.e. capital accumulation. The equilibrium
after the imposition of the tax adjusts such that the rate of time

preference is equal to the net market interest rate.

This tax-induced intertemporal distortion can be eliminated as far

as owner-occupied housing is concerned, if imputed rental income is

tax exempt and interest payments are tax deductible. In this case

independent from the landlord's financial potential the tax has an
impact only on the user cost of capital. It is

m
(ITIT.160) (l-1t)r = -— + P - af.
I P H
H
Combining conditions (III.159) and (III.160) the equality of rate
of time preference and rate of return can be shown. Since it 1is
impossible to derive quantitative results from our analysis it is

also impossible to say whether the inclusion of imputed rent in the

income tax base is socially desirable or not.

The intra-sectoral inefficiency of the tax exemption of imputed

rental income could be reduced if a taxation method could be

formulated which increases the rentability of investment in rental
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accomodation to the same extent that the rentability of investment

in owner-occupied housing rises due to taxation.

In recent years there has been considerable interest in
constructing adequate tax systems which can avoid the intertemporal
inefficiencies incurred by the present 1income tax laws. The
proposals reach from a comprehensive expenditure tax to a taxation
of the investor's "cash flow", whereby the taxable "cash flow" may
be defined as the surplus resulting from real transactions [Brown
(1948), Musgrave (1959), Smith (1963), Kay and King (1978)], as the
profits distributed to the owner(s) of the firm [Meade Committee
(1978)] or a combination of both [Sinn (1985)] . Obviously the
imposition of an expenditure tax would require a principal reform
of present tax systems. And as shown by Sinn, the realization of
cash~flow systems 4 la Kay/King or Meade would imply the exclusion
of a major income source from taxation, the interest income of

households.

While Sinn's proposal yields the same results as the two other
"cash-flow" systems, it does not require excessive amendments of
current income tax laws. The only substantial change would provide
the immediate deductibility of the gross investment cost. In turn,

periodical depreciation allowances would have to be repealed.

Following Sinn's proposal, the appropriate description of the

landlord's income tax liabilities is
d d
(ITI1.160) T =t (mH - rD - F ¢ - P F - E)
1 I B

Considering equation (III.160) the Hamiltonian corresponding to the

landlord's decision problem reads

d d
(ITT.161) (l—TI)(zmH - zrDb - F ¢ - PBF - zE) + S

+

d
P;F p(e) - z(a8H ~ E)]

+ A S.
D
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Because interest payments are tax deductible, the landlord will
still be indifferent between the financing alternatives open to
him. This can be proven by differentiating (III.161l) with respect
to S, considering AD = =1. The necessary conditions for optimal

maintenance and construction are

=08 H
>
(111.162) Pp_{%} z(l-1) = E > 0 for t > t_,
H I o
=0
(I1I1.163) P o'(e) = (l~71) for t > t_,
H I - 0
B < a =
(111.164) =-¢ {=} P =2 F {>} 0o for t > t_,
o B - - 0
(1I1.165a) 2= 0 for t <t <t
. (l-TI)m
(III.165b) P = ~ ————=-- + (1-T )r + aé for £ > t .
H P I =

Because of the immediate deductibility of gross investment costs,
maintenance and investment in new housing both become more
attractive. This is stated by conditions (III.162) - (III.164).
That the tax regulations described above also have an influence on
the user cost of capital in the sector of rental accomodation can
be read from condition (IIT.165). But the same condition also
states that this influence is ambigeous, depending on the relative

size of the monetary rate of return, m/PH, and the interest rate, r.

Despite this ambiguity it can be shown that over all the immediate
deductibility of maintenance and new investment expenditures
results in an unambigeously preferential treatment of housing
investment, compared to the case of a comprehensive income tax. In

order to do this, we define a houseprice §H such that

(ITI.166) P = -=—— P .
H
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Substituting (III.166) into optimality conditions (III.162) -
(ITI.165b) we obtain

= adH
- .2
(I11.162)' P {(X} z=> E =0 , for t > t_,
=0
(IIT.163)' P @' (¢) = 1, for t > t_,
H b (o]
g < a =
(ITI.164)' =-¢ {=} Pp_ = F {>} o, for t > t_,
a B - - ©
hl *
(IIT.1l65a)" PH =0 for to <t <t,
it m *
(III.165b)' P = - —— + (l-T)r + af. for t > t .
H = I =
P
H

Obviously the tax on balance has an influence only on the user cost
of capital - the user cost decrease in proportion to the income
tax rate, TI. Combining condition (III.1l65b)' with the necessary
condition for an intertemporal household equilibrium (III.159)
confirms the desired equality between the rate of time preference

and the net return on savings invested in the housing sector

m
(I11.167) = (l-t )T =P + == - q@6.
I H —

P
H

But not only that the immediate deduction of all investment costs is.
desirable under intertemporal considerations, it also presents some
administrative advantages. The tax authorities do not have to keep
track of the history of every single building and there is no need

for a regular and costly assessment of housing property.
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Vacant Land, Stock of 15
Vacant Land Tax, see Tax, Taxation

Value Added Tax, see Tax, Taxation

Work-Leisure Choice 100
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