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1.1 INTRODUCTION

The analysisof land value taxation (LVT) hasa long history. Many classicaland
neoclassicakconomistsadvocatedthe heavy taxation of rent or land values(or the
incrementsan land values),including Adam Smith, JameaMill, JohnStuartMills, H.H.
GossenAlfred Marshall,LeonWalras,JohnR. CommonsH.G. Brown, A.C. Pigou,and
Harold Hotelling! Theseclassicaleconomistsecognizedhat,in theory,LVT, unlike
othertaxes,causeso distortionsin economicdecision-makingandthereforedoesnot
lower the efficiency of a marketeconomy.While therehavebeenvariouschallengedo
this conclusiof, it seemsthat the neutrality of LVT hasbeenproven.Anotherwell-
known effect of LVT is the reduction the incentive for land speculation

Therehavebeentwo typesof studiesfor LVT. Oneis thetype of studiesthattry to prove
the neutrality of LVT, and the otheris the type of studiesthat empirically teststhe
significanceof LVT effects.Studiessuchas Arnott (2005)and Tideman(1999; 1982)
provethe neutralityof LVT employingdynamicoptimizationtechniquewithin first-best
and partial equilibrium frameworks.Other studiessuchas Nechyba(2001) and DiMasi

(1987) try to test the significanceof LVT effects employing computablegeneral
equilibrium (CGE) modelswith no particulardistortions.Unlike otherstudies] studythe
economic,spatial] and welfare effectsof LVT in second-bessituationsemploying a
spatial CGE model. In addition,| examinethe distributional effectsamongdifferent
incomegroupsandthedynamicaspectof LVT aswell. In this paper,| try to incorporate
second-bessituationsthat include large (minimum) lot zoning (LLZ) and growth

boundary Becauseof the spatialand second-besfeaturesin an urbanarea,the present
modelcanbe categorizednto an urbaneconomicmodel. SeveralauthorssuchasAnas
(2003)andBraid (2001)developedsophisticatedirbanCGE modelswith the featuresof

durablehousing,demolition,reconstructionandthe other.However,only a few among
them address the issues of LVT. The papers are discussed below.

Therearewell-knownadvantageso adoptingCGE modelsin this type of researchThese
include: 1) numericalrepresentationsf economictheory and intuition, 2) ability to
address broadrangeof policy issues3) ability to trackthe distributionalconsequences
of policy choicesacrosdactorsandlocations,Therearealsodisadvantage® the useof
CGE models, particularly their complexity and data demands.

! Feder (1993), Chap. 1
% For detailsFeder (1993) is excellent. Or look at Ladd (1998).
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The contributionto the literature of this paperand further work | intendto do is the
developmentandadoptionof urbanCGE modelswith somespecialcharacteristicshat
includelargelot zoning, growth boundary,and/orthreeincomegroups,and/ordynamic
housingcapitaladjustmentvithin the contextof the CGE model,andthe presentatiorof
modified effectsof LVT in varioussituations.l considerthe economiceffectsof LVT

and/orgradedpropertytax systemsn which landis taxedhigherthanimprovementsThe
main questions are as follows:

1. How doesLVT (and/oranydegreeof gradedpropertytax) affecteconomicefficiency
andwelfareof residentsan anurbanareawith andwithout LLZ andor with andwithout
otherrealistic featuressuch as endogenousoundariesof city and CBD and growth
boundary?Can LVT be welfare reducingin any one of the various second-best
situations?

2. How doesLVT (and/orany degreeof gradedproperty tax) affect urban spatial
structuresuchascity size, populationdensity,and other spatialvariablessuchasland
value and housing service price under the settings described above?

3. DoesLVT (and/oranydegreeof gradedpropertytax) enhanceof the welfare of poor
people under the settings described aBove

4. How doestax incidencechangewith the introductionof LVT (andbr any degreeof
graded property tax) under the settings described above?

In other (unpublished)wvork thatl havecompletedthe computationor the assumptions
aboutparameterdor the current CGE model are madeon the datawith demographic,
physical,economicfeaturesof the Atlanta urbanareain Georgia.Basedon thatwork, |
haveconcludedhefollowing; 1) LVT is neutralandefficient,2) LVT helpsto reducethe
urbansprawl| 3) LVT increaseghe welfare of residentand particularly the welfare of
Opoomcomegroup@norethanincreaseshe welfareof Oricincomegroup®) LLZ and
propertytax causeghe sprawlof metrocity, 5) LLZ tendsto increasehe pricesof land
and housing.

2.1. Major Issues of LVT

| first discuss the major issues of LVT and then survey the related literature. There are
two major arguments for LVT. First, tax on land value is neutral and effitiEmere

have been long debates on this. Second, LVT is fair in the sense that landowner as an
exclusive taxpayer is also the person who derives the benefits and takes the whole rents

3 Studies about this issue are discussed in detail in the next sections.
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from using land" Although, as of now, most economists do not dispute that tax on land
value is neutralefficient, and fair, there have been several objections raised that need to
be addressed. The objections include that LVT is not fair because it would be unfair to
single out landowners for taxatfm.VT will have no notable effects on economic

activity®; LVT will not yield enough revenue to finance todayOs goverdmecause the
value of all taxable land might be too low; LVT is not administratively feasible because it
is not possible to empirically divide property value between land value and building
valué. Additional interest centers on the effect of LVT on land specufation

The present dissertation will address the neutrality, efficiency among the above, and the
spatial aspects of LVT not shown aboveeTscope of literature dealing with the issues of
LVT is vast. However, | restrict my attention to the literature that de#tisthe

neutrality and efficiency, and to studies that deal with the spatial aspects of LVT. In
addition, since the current dissertation adopts CGE models, | also review the literature
adopting CGE models with LVT.

2.2. Literature adopting Non-CGE models with LVT

2.2.1. Literature about the neutrality of LVT

According to Tideman (1982) and GeorgistsO idea, the definition of LVT is a tax on the
present value of all present and future rents of land. The valuation is the current, annual,
perfect market rental value of the land alone, disregarding buildings and other
improvements. Tideman (1999) again defines the value of land as the opportunity cost of
leaving used land unused, to point out that the base of LVT must be independent of land
use decision. A subsequent work, Arnott (2000) contributes to the clarification of the
LVT base by distinguishing Oraw site valueO from Oresidual site valueO. He putge, OA
land value tax N one which is imposed on tletiisicO value of the land, independent

of the developerOs decision concerning the timing and density of development N is
neutral. E The essential difference between raw site value and residual site value
taxation should now be apparent. Post-development raw site value is unaffected by the

* George (1923), Gaffney (1973), aHdrriss (1970a).
® Rothbard (1957)

® Bourassa (1990)

" DiMasi (1987)

& Anas 2003) and Mills (1998)

° Becker (1969), Harriss (1970b), aBtbwn (1927)
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density of development, while in the neighborhood of the optimum post-development
residual site value is increasing in the density of development. Thus, imposition of a raw
site value tax has no effect on the development density condition, while imposition of a
residual site value tax discourages density.O

Let me discuss more about the model of Arnott (2000). He considers the model as an
extension oArnott and Lewis {979), and starts by considering the landowner-
developerOs problem in the absence of taxation. An atomistic landowner owns a unit of
area of undeveloped land. He must decide when to develop the land and at what density
to build the structure. Once built, the structure is immutable. He makes his decision under
perfect foresight. Arnott assumes for simplicity that land prior to development generates
no rent. | first list the definition of each variable he adopted.

t time (t = 0 today)

T development time

K development density (the capital-land ratio)

Q(K) structure production function

r(t)  rent per unit of structure at time t

p price per unit of capital

n(t)  site rent

V() pre-development market value of (vacant) land

P) post-development property value

S(t)  residual site value

RS(t) raw site value

The developerOs problem in the absence of taxation is
#

max' .K)=1r0)%®(K)%>dt$piK %>  (2-1)

T
The first-order conditions are

T: ("r()!Q(K)+ipK)=0  (2-2)
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K: BOIQ KIS pleT =0 (2:3)

Equation (2-2) means that, with K fixed, development time should be such that the
marginal benefit from postponing construction one period (the one-period opportunity
cont of construction funds) equals the marginal cost (the rent forgone). Equation (2-3)
means that, with T fixed, capital should be added to the land up to the point where the
increase in rental revenue due to an extra unit of capital, discounted to the development
time, equals the cost of the unit of capital.

To see that tax on Oraladl value (or rent) is neutral, it is important to define several
concepts as follows. First, regarding land rent, prior to development, site rent equals the
market rent on vacant land. Post-development site rents equals property rent minus
amortized construction cost. In this definition, the rent prior to development and that of
post-development are not equal to each other. If government levies a tax on this type of
base, the developer will change development time (T) and density (K) so as to maximize
profits (2-1) and satisfy the equations (2-2) and (2-3) which are to be adjusted with the
tax. In other words, because of the tax, marginal benefit from postponing construction
one period (the one-period opportunity cost of construction funds) may be reduced when
K is fixed, and the density of housing (K) may be reduced when T is fixed.

t<T#
oo ikt Y

n(t) =
Regarding the equation (2-4), predevelopmesgidual site valueO is the pre-
development market value of land. Regarding the equation (2-5), post-development
residual site value equals property value minus depreciated structure value which was
assumed to be zero. In this case as well, the same argument as the above applies.

_O&V(t) t<T # ]
=0k 1y &)

Pre-development Oraw site véls the market value of vacant land. Post-development

raw site value is what the site would sell for were there structure on it even though there
in fact is. Thus, the site value by this definition does not change but is constant regardless
of development, so the tax on Oraw site @lseneutral because the tax payable is
independent of the develope&cisions.

_§}\/(t) t<Tfﬁ ]
RO=% h=vey t>1, ©°

The neutrality and efficiency of LVTelies on the fact that the supply of land is fixed.
Taxes on wages and profits distort behavior, leading to welfare losses. With land,
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however, the obligation to pay rent to the community ultimately falls exclusively on the
owner, because the supply of land is fixed. The fixity of land supply and the resultant
neutrality of LVT are guaranteed on the condition that a central government applies
Ouniforméate of payment on perfectly competitive market based rents of the land
throughout the whole area of an economy.

Although the history about the effects of LVT may date back to the time of classical
economists such as Adam Smith, there is a recent history of arguments about LVT until
we reach the clear and reconfirmed conclusion above for the neutrality of LVT.

According to Tideman (1999), some economists, including Shoup (19K&)ras

(1974), and Bentick (1982) have failed to define the base of LVT correctly, which has
lead to wrong conclusions about the neutrality and efficiency of LVT. For example,
Bentick (1982) claimed that taxes on the value of land distort land development decisions
by advancing the time of development. According to Bentick, if the land tax depends on
the current market value of the land and developers have to choose among mutually
exclusive development projects with different time streams, the tax raises the carrying
cost of the land and increases the attractiveness of current relative to future development.
Tideman (1999) concluded that these authors have made logical errors regarding the
definition of LVT baself the value of land for tax purposes were based not on its chosen
use but on its highest and best use, the LVT would not distort the timing of investment
decisions. Feder (1993) in his Ph.D. dissertation also confirmed the neutrality of LVT
clearly and similarly to that of Tideman (1999). Feder exposed that the Shoup (1970)
model canOt be interpreted as a proof of non-neutrality of LVT because, according to
Feder, Shoup failed to distinguish between full development value and after-tax
development value and ShoupOs model was set up so that the landowner can reduce his
(or her) tax by controlling development timing. Ladd (1998, chapter 2) also added a good
comment on this issue, OTrue believers in the neutrality of the LVT argue that a tax
affecting the timing of the development decision should not be called a LVT, but rather
should be referred to as a tax on the present value of planned net income. In practice, the
neutrality of any specific tax on land values will depend on how the tax assessors
determine the value for tax purposes.O

2.22. Literature that includes study about the urban, spatial aspects of LVT

There are three notable papers in this category. Those include Bruckner (1986), Colwell
and Turnbull (2003), Anas (2003). Although Anas (2003) suggests a CGE model, he
raises a couple of questions about the effect of LVT rather than explains the details of his
model, and so | included the review of his paper in this subsection.

Brueckner 1986) analyzed the incidence effects of LVT, employing a simple model with

housing, capital and land markets and conducting compastties analysis not found

in the previous studies of LVT. We can discuss this more efficiently by looking at major

algebraic expressions of his model. | first list the definitions of variables and parameters
he adopted.

H: Housing supply
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h: Housing supply per-acre-of-land
p: Price of housing
S Improvements per acre
r Net land rent

! :  Tax rate on improvements

! © Taxrate on land rent

i: Net rental price of capital

N: Capital

L: Land
! The elasticity of substitution between capital and land in housing
production

u :  Land® factor share
Assuming that housing price (p) is fixed, the level of housing supply per acre of land is
H(N,L)/L! H(N/L2D ! h(S) (2-7)

Profit per acre for a housing producer operating in the tax zone is

%= p'h(S)" L+$)i!S" A+#H)!r (2-8)
First order condition to derive the maximize profit is

p'h (S)" @+#)!i (2-9)

Maximized profit per acre of land is

p!'h(S)" A+$)!i!S" A+#)'r=0 (2-10)

He did comparative statics to derive the effects of LVT. By totally differentiating (2-9)
and (2-10), we get the following four equations:
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Sl o (2-11)
"# plh

|

I—S =0 (2-12)

"o |

A_TUS o (213)
#% 1+$
n |
T o (214
"#O1+#

From the equation (2-11), an increase in r reduces improvements (housing) per acre.
From the equation (2-12), the land tax has no impact on the level of structure. From the
equation (2-13), the higher tax on structure depresses land rent. From the equation (2-14),
the higher land tax lowers land rent and the higher land tax is fully capitalized, leaving
(1+")!r unchanged. To reserve the tax reven@g@i(l S+" !'r)) for equal yield

analyses, the derivative (change) of revenue with respect to land tax must be zero. With
this condition and by total differentiating the revenue with respect to land tax rate, we get
the following.

/I 0
&_:_/d H1%
& i$S

QA+#H9 %
@+!)%u

) (2-19)

The sign of (2-15) is ambiguous, and so a revenue-preserving change in tax rate on
structure due to a change in land tax rate may require either a decrease or an increase.
However, wher! is a very small number, the sign of (2-15) is negative, while when

is sufficiently large, the sign of (2-15) is positive. Brueckner mentions that the negative
sign would be more plausible. In addition, from the equations (2-13), (2-14), and (2-15),
we find the following relationship.

dr _ #r  #r #&" #9%'
—=—+—%— 0 as— 0 (2-16
d% #% #& #% #$ | ( )

The equation above tells us that when the housing price is fixed, in the plausible case

I
(I—# <0) the higher land tax causes the higher land value under the revenue reserving

condition.

Until now, we have seen the results for the case of exogenous housing price. But for the
case of endogenous housing price, the housing market clearing condition is added to the
system above. After deriving the same derivatives with this new system, Brucekner finds
that when housing demand is not elastic, graduation toward land tax depresses land value
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in a revenue-reserving tax system. Finally, Brucekner concludes his paper by discussing
about short-run gains and losses by distance from the CBD in a metropolitan area. Here
Oshort-run® means that urfikeng-run@he levels of @sandrQGare frozen at their

equilibrium levels, according to him. His conclusion is that in the short-run, due to land
tax, the most intensively developed parcels (near central business district) suffer windfall
losses in the form of higher taxes, assuming that the area near CBD has a relatively
higher land value, while the least intensively developed parcels (far from central business
district) benefit from windfall gains. Since his model is a partial equilibrium model, some
other important features that affect the gradient of land value in an urban area are not
reflected, as labor-leisure choiaed, transportation costs.

Colwell and Turnbull (2003) examined the relationship between residential land use and
city size, focusing on the roles of lot dimensions and the total area of land developed in
the market. They studied the consequences of differential taxes on lot dimensions and
their relationships with property and land taxes. Although they did not determine the
effects of LVT (tax on Oraw site valudiectly, their results show indirectly the effects

of LVT in an urban economic feature. They distinguish Odevelopable landO from Oraw
landO. The developable land is the land with infrastructures such as water irrigation
system, but the raw land is the land without any improvements. The supply of the
developable land depends on Olot dimensiond. The basic equations of their model are as
follows.

m:  money income,

p: price of land consumed,

r: price of housing capital,

k: housing capital applied to developable land in the form of structure,
q: land consumption,

u: utility of a household

h: housing production

y: non-housing consumption

F: Frontage

D: Depth

C: The cost of preparing a parcel of land for development

#," .1 : Parameters in the cost function C
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u=u(y,k,q) (2-17)
h=h(k,q) (2-18)

C=$+#!F+"IFID  (2-19)

{a(p,r,m);k(p,r,m); y(p,r,m}! argmaxu(y,k,q)}stm=y+rk + pq
(2-20)

The equations (2-17) and (2-18) are standard and general type of equations for household
utility and housing production. Equation (2-19) tells us that the cost of preparing a parcel
of land for development depend on the levels of frontage and the area. And equation (2-
20) tells us that the demand for land, housing capital, and non-housing good are derived
from the maximization of utility subject to an income constraint. And then they draw the
effects of various taxes such as frontage tax, area tax, and tax on developable land from
the results of comparative statics analyses after total differentiating the equations above.
One relevant result to the current dissertation is that shifting from the tax on Odevelopable
land valueO to a tax @maw land valueO leads to a lower price of developable land, greater
land consumption by households, and a larger urban area. | note that since the tax on
Odevelopable land valige@ot neutral and not efficient due to the involvement of
improvements, the tax ona@ land valueO should still be encouraged, nonetheless, as the
tax on raw land value is neutral and efficient.

According to Anas (2003)Dstatic models unrealistically pretend that all the land is
available in the market at all points in time. To properly treat dynamics, a generalized
perfect-foresight model of real estate markets solvable by simulation is preSerted
constructs his model under his premises that Henry Geosgefle tax on land is an

elusive concept to implement. He argues that land is occupied by a variety of buildings or
is undeveloped, and that land value is undefinecksine value of land lying under

buildings is difficult to estimate and does not respond to real market vakiésesito

show that LVT on vacant land only among many types of land could possibly discourage
an excessive use of structural capital over time by decreasing structure (plus its lot)
values more than decreasing the value of vacant land. His treatment for the tax on land
reminds me of the fact that LVT needs to be applied to all types of lands uniformly to
keep its neutrality. His modi verycomplex and hard to understdhdecause it

includes the choices of variohsusing qualities, demolition and construction costs, and
housing structural density under prefect foresight dynamics with stochastic variables.

19 As the author himself mentions in his paper, due to too much complexity, unusual function types, and
stochastic features of his model, it is said that the existing urban economic society considers his model as a
heterodox.
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2.3. CGE Models that Deal with the Issues of LVT

| turn now to the literature on CGE models that study the economic efficiency and other
economic effects of LVT. There are many regional CGE models and numerous national
level CGE models used in the evaluation of general tax policy, however, only a few
published papers that employ regional or urban CGE models consider the land value tax.
The qualitative results of the studies are generally consistent with those of past theoretical
studies. The major reason for developing CGE models is to overcome analytical
intractability and try to employ more realistic features.

2.3.1. Studies with Non-Urban CGE Models

In this section | review the papers that employ non-urban and non-spatial CGE models to
explore the effects of LVT. Because the models of these papers do not consider Ourban
areaO and do not include Othe factor of locatierfilde the effects of LVT, |

categorized these models as Onon-spatial and Onon-urban® CGEhaddidsving

studies positively shows the effects of LVT under diverse CGE settings.

Follain and Tamar (1986) measured the effects of a reduction of the Jamaican income tax
in favor of either a LVT or a capital value tax (CVT) using a static national level CGE
model. As far as | can determine, this is the first paper using a CGE model to directly
study the issues of LVT. The model consists of three production factors - land, capital,
labor-an intermediate good, housing, and a non-housing composite final good.
Consumers demand final goods as well as supply primary factors. Follain and Tamar
assume perfect competition in factor and product markets, as most CGE models do, and
analyzed both open and closed economy cases. Some major findings include the
following. 1) A switch to LVT from income tax reduces the current excess burden by 36

11
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percentage under the heaviest 'Vihile the excess burden is increased by the same
amount under the heaviest CVZ).Both the income tax rates and theT rates

necessary to raise the same level of real revenue are lower in an open economg than in
closed economy. This is because the substitution from income tax to LVT in an open
economy increases the supply of capital and labddoBsing becomes less expensive
relative to the composite non-housing good and stimulates production as the LVT
increases, while CVT hurts production.

Nechyba (1998) developed a static one-sector CGE model to pursue land tax issues
within the entire U.S. His paper deviates from some prior papers in that it revisits the
issue of land taxation in the context of a reform package that simultaneously lowers taxes
on capital in a small, open economy. His focus is on the impact of such tax reforms under
various assumptions about the nature of land in production and the degree of
heterogeneity of land across space. The production function consists of land and capital
and has a CES functional form. Capital is assumed to be perfectly mobile while land is
taken as perfectly immobile. His major findings include: 1) land taxes are more efficient
than capital taxes (i.e., output is larger); 2) land values rise for many types of land under a
reform policy aimed at replacing capital income taxes with taxes on land rents; 3) results
critically depend on the elasticity of substitution between capital and labor; and 4)
distributional consequences are not very clear and depend on the elasticity of substitution
between capital and labor. His qualitative findings are consistent with most other studies.

Plassmann and Tidemann (1999) have made an initial attempt to develop a more realistic
regional CGE model to explore the issues of LVT and other isséesually, the paper
suggests the desirable principles and properties that regional CGE models should have.
For example, they suggest that CGE models should include at least five factors of
production B land, labor, buildings, machines, and infrastructure be dynamic. The

five factors of production differ from each other with respect to mobility and durability.
However, they have yet to not apply their ideas to a real economy.

Nechyba (2001) extended his earlier wade¢hyba 1998). Extensions are made to

encompass state level effects and interactions among states, by assuming that each state is
a small and open economy. The general equilibrium impact of revenue neutral tax

reforms that raise the tax on unimproved land rents was simulated. His major findings
include: 1) the impact of such reforms varies widely across different states that face
different economic conditions and that rely on different sources of current tax revenues;

2) under plausible yet conservative assumptions, reforms of tax systems toward greater
taxation of land rents hold promise for substantial efficiency gains in the states, especially

1 The heaviestLVT casemeanswhenthe land portion of tax revenueoccupiesthe 30 percentagef the
whole revenueof propertytax, while the heaviestCVT casemeanswhenthe land portion of tax revenue
occupies the 20 percentage of the whole revenue of property tax.

12 Actually, the model can be flexibly applied to explore most public finance issues.
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when states undertake such reforms unilaterally; 3) states that have relatively low initial
output and make heavy use of taxes on capital are likely to benefit the most from tax
reforms that increases the tax on la@de of the strengths of his study is that he assumes
heterogeneity of land across the states but not within a state. In other words, the model
allows for different types of land to have different expected future rents.

Tideman et al. (2002) attempted to measure the excess burden of a current U.S. tax
system using a dynamic national level CGE model. His production function has three
factors (land, labor, and capital) and a CES functional form. The household receives
utility in a given period from three goods (private goods, public goods, and leisure). His
conclusions include: 1) significant increases in the efficiency of the U.S. economy could
be attained by flattening the income tax and by shifting from land and capital taxes to a
land tax; 2) in the short run, the greatest increase in after-tax wages is achieved by
shifting taxes from wages to land while in the long run the greatest increase in wages is
achieved by shifting taxes from capital to land; 3) even if conservative estimates of
parameters are used, the potential gains are estimated at 6.6 percentage of NDP (Net
Domestic Product) per year and rise to 9.9 percentage of NDP per year after 30 years.

While the models reviewed in this section show the economic effects of LVT
conspicuously, the urban CGE models discussed next enrich the literature in different
ways. The urban CGE models can reflect migration, transportation costs, zoning
regulations, and housing characteristics more meaningfutiich might add realism.
However, due to relatively more complexities of urban CGE models, it is difficult to
solve them and difficult to include many sectors in a model.

2.3.2. Studies with Urban CGE Models

DiMasi (1987) generalized and extended the long-run analy&sueickner (1986)

through the use of an urban spatial general equilibrium model with an endogenous
amount of land in urban use. Because his model is the closest to the basic model |
developed, | review it in detail. Although the study was published in 1987, DiMasiOs
model is still unique in two respects. First, it is an urban spatial general equilibrium
model. There have been many CGE models or simple urban general equilibrium models
constructed, but relatively few spatial and urban CGE mdbdatsconsider LVT. Second,

it explores the effects of site value tax in an urban area. Existing land tax literature has
addressed issues by and large in partial equilibrium frameworks and, except for those
discussed above, rarely in CGE models. Until DiMasi, OspaceO was not incorporated in
models designed to measure the effects of LVT.

Basically, DiMasiOs model is a mono-centric model of spatial location in an urban area.
The urban area consists of a set of concentric rings, the first being relatively large and
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meant to encompass a CBD (Central Business District) and the rest being of equal
thickness. There are three sectors: industry, residence, and agriculture. The industrial
sector produces a composite non-housing good while the residential sector produces
housing services. The rent on agricultural land and the price of the agricultural product
are exogenously given. The assumed economic activities include production,
consumption, renting dands, and taxation. The price of the non-housing good is
exogenously given because an urban economy is small enough so that a national market
sets the price. The urban area contains a fixed population of identical households with
identical preferences and labor skills. He adopteth-@estedO CES (Constant Elasticity
of Substitution) functional forms for production and utility functions. And he tried to
calibrate parameters using data for Boston area.

Table 2-1presents information about tax rates on land and capital, tax bases, and
differential land rerf for both his base case and the optimal case. The optimal case is the
case of a graded property tax system that gives maximum welfare to residents. We see
that there is a difference between land in residential use and land in industrial use
regardingOeffectivefax rates in Boston. The difference is given from the benchmark
(base case). We also see that compared with the base case, in the optimal case, wage
increases, tax on land increases, tax on capital decreases, land tax base decreases, but
capital tax base increases. The graded property tax stimulates the demand for labor and
results in increased wage, too. In other words, to provide a maximum welfare to
residents, the tax on land should increase considerably while the tax on capital should
decrease.

His results (table 2-2) imply that there are considerable incentive effects of a site value
tax. In other words, when a local government adopts the graded property tax system in
which land is taxed higher than improvements, land and housing prices fall while
improvement per unit of land in housing and population density rise. And also the
boundary of city contracted due to the graduation of property tax. Thus, the welfare gain
of residents for a metropolitan-wide move to the graded tax system was found to be 6.6
percent of the tax revenues raised. For the measures of welfare changes, compensating
and equivalent variation measures were adopted. He included the change in differential
land rentcreated by moving from a general property tax system to the graded property
tax system in the overall welfare measures, which according to the author, generated
greater household welfare. In addition, the results show that the graded property tax
suppresses urban expansion. Sensitivity analyses were contitueigdiore robustness of

the conclusions.

3 Differential land rent meansthe differencebetweenactualland rentsin the urbanareaand what they
would be if all land in urban use were rented to the agricultural sector.
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TABLE 2-1 Wage Rate, Tax Rates, and Some Outcomes (DiMasi)

Base Case Optimal Case
Wage rate ($/hr) 7.18 7.21
Effective tax rate on land in residential use (%) 24.7 67.9
Effective tax rate on capital in residential use ({ 24.7 22.6
Effective tax rate on land in industrial use (%) 33.9 93.3
Effective tax rate on capital in industrial use (% 33.9 31.1
Residential land tax base (%) 288,161,000 220,360,000

Residential capital tax base ($)

3,735,646,000

3,798,084,000

Industrial land tax base ($)

72,725,000

50,502,000

Industrial capital tax base ($)

2,005,493,000

2,062,411,000

Non-housing good industlyid land rent ($)

12,052

8,369

Differential land rent ($)

262,843,000

187,206,000
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TABLE 2-2 Comparisons of base case and optimal case(DiMasi)

Housing service

. Ropulation K/L .rations. for Prices(Dollars per un Housing Land
Ring Density(Households housmg(UmtS of of housing services p Rent(Dollars per acr¢

per acre of land) |capital per acre of lan year per year)

Base | Optimal| Base | Optimal| Base | Optimal| Base | Optimal
1 0 0 0 0 6523 6444 6794 5250
2 20.9 21.48 | 586.97 | 612.27 6517 6439 6719 5193
12 17.65 18.17 | 494.02 | 516.28 | 6404 6327 5339 4136
22 14.72 15.19 | 410.94 | 430.38 | 6292 6215 4177 3245
32 12.12 12.54 337.4 | 354.12 6180 6105 3210 2502
42 9.83 10.19 | 272.64 | 287.04 | 6069 5995 2417 1891
52 7.83 8.15 216.49 | 228.67 5959 5887 1777 1397
62 6.1 6.38 168.34 | 1785 5850 5778 1271 1004
72 4.64 4.87 127.65 136 5742 5671 879 699
82 3.43 3.62 93.93 | 100.63 | 5634 5565 584 468
87 2.91 79.49 5581 467
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There are two other papers that are similar to DiMasi in the structure of their model,
although the two papers do not directly explore the effects of LVT but indirectly captures
the efficiency of LVT. Sullivan (1985) analyzed the incidence and excess burden of
residential property tax in an urban CGE framework. Because a land tax is non-
distortionary, Sullivan takes the approach of measuring incidence effects and excess
burden when an urban economy switches from a pure LVT to the property tax. While
DiMasiOs model assumes a small and closed city in the sense that population is fixed,
SullivanOs model assumes a small and open city in the sense that population is not fixed
and households are fully mobile within and between rings. So, both the labor supply and
the labor demand are variable in SullivanOs model. Sullivan conducts the same analyses
again under the setting that there are three cities with the same structure in a closed
region. Another difference of SullivanOs model is that it employs a Cobb-Douglas
function in the householdOs utility while DiMasiOs model employs a CES function. The
other characteristics of the model are basically the same as those for DiMasi. SullivanOs
model is not stylized to fit a particular city, so the data for the model is chosen

artificially.

The major findings of Sullivan for the simple open city case in which the emigrants
simply disappear into the rest of the world when there is an incentive to do so include:
the property tax reduces the aggregate labor supply causing the cityOs wages and
population to decrease; since the city is open and labor is fully mobile between cities,
landowners bear the entire burden of both the property tax and the land tax; the property
tax reduces the net return on land by an amount equal to 164.9 percent of the total tax
revenue, so landowners are worse off with the adoption of property tax. On the other
hand, the major findings of the study for the case of three cities in a closed region
include: the other two cities that employ the non-distortionary land tax grow at the
expense othe city that switched into the property tax; housing prices increase
everywhere, with the largest increase in the city that employs the property tax; the
welfare loss of regional residents tota@0.1 percent of the cityOs property tax revenue;
the net return of landowners in the city that employs the property tax decreases by 2.2
percent, while the net returns on landowners in the other cities that employ the land tax
increase by 2.99 percent; in thggregate, the property tax generate an excess burden
equal to 6.5 percent of the cityOs property tax revenue.

According to Altmann (1981), the case in which adopting Cobb Douglas production or
utility function is adopted produces greatly different results from the case with a CES
(Constant Elasticity of Substitution) production or utility function, even though there is

no qualitative difference between the two cases. So, the estimation of the excess burden
in SullivanOs model, which uses Cobb Douglas functions needs to be redone using CES
functions.

Sullivan (1984) is almost the same as his later article (Sullivan 1985) in model structure
and research questionshd differences are: Sullivan (1984) measures the incidence
effects and excess burden of the Oindustrial property taxO in that taxes are levied on
capital and land in the industrial sector only; the production factors of the industrial
sector include equipment capital in addition to structural capital, land, and labor; taxes
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are levied on the land and the structural capital. But the model does not properly reflect
differences between the two types of capitals with respect to durability and mobility
because the model is static and the characteristics of durability and mobility can be
properly reflected only in a dynamic setting. The results are consistent with his other
work (Sullivan,1985). The urban CGE models described above shows the efficiency
effects of LVT in an urban area clearly.

The present study is different from the previous research in the following ways. First, |
consider a model in which there exists Large Lot Zoning in some of the suburban areas,
which distortghe effects of LVT. Second, by adopting three income groups (rich,

middle, and poor) in the model, the distributional effects of policy changes can be
captured. Third, I assume that all households are landowners while the studies above
assume absentee landowners. Fourth, | consider a case with a growth boundary by which
the boundaries of both city and CBD are fixed. Fifth, | consider a dynamic adjustment
process of housingapital to see the dynamic changes of spatial variables.
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