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Abstract

Alonso (1964) considered that the American rich to live in suburban area and the
American poor in urban center an anomaly to traditional European and third world cities
wherethe poor usually inhabit in the peripheral areas, whiletherichand middleclasslive
centrally. Mills and Hamilton (1989) postulated that once the level of income of an
economy increases, the American type of spatial ordering of households according to
income will then appear. Both ignore the effects of institutional setting on residential
choice. Fischel (1985) acknowledged that American minimum lot size zoning in the
suburban areaisthe most important reason for the poor to shelter in the urban apartment.
Thispaper then hypothesi ze that the maximum lot size regulation will make the bid-rent
function of therich steeper. Empirical study findsthat in Taipel Areahouseholds income
levelsand their locational distancesfrom CBD are conversely related. Thisfinding may
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be a good footnote not only to the arguments of the locational pattern of household
between Alonso and Millsand Hamilton, butal so to Fischel’ spostulation. The Housing

Locationin Taipel Area

1. Introduction

It has been shown that once the utility function and the budget constraint
equality are specified, the bid-rent criterion to examinethe spatial distribution of
households according to income can be applied to determine the spatial ordering
of households according to income can be applied to determine the spatial

ordering of households according to income.
Applying von Thinen’s (1826) agricultural location theory and Isard’s

(1956) urban land use theory, Alonso (1964) shows that if the slope of the
bid-rent function of household j is steeper than that of household i, thenin
market equilibrium household j will be located closer to the center. More
specifically, if one finds that the slope of the bid-rent function is always
negatively affected by income, then richer households will live farther away
from the center; but if the slope of the bid-rent function isalways positively
affected by income, then the richer ho useholdswill live closer to the city center.
However, if the direction of thisincome effect is not consistent, then the

locational pattern of households according to incomeisambiguous (Pines, 1975).

There are many studies on the income effect on t heflattening of the slope
of the bid-rent function of the richer households. It is capable of explaining the
flight to the suburban of the richer householdsin the United States (Muth 1969;
Mills1972; Millsand Hamilton 1989). However, negative income ef fect on the
slope of the bid-rent functionisclosely related to the assumption that households

consume land freely or under zoning regulation. Therefore, an argument with
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binding land consumption of maximum lot size restraint on households is

interesting to urban economists. In Taiwan, Article 17 of Land Tax Act and
Article 20 of the Statute of Equalization of Land Right (SELR) offersalow land
value tax rate 0.2% to urban land user whose dwelling land unit less than 300
square meters and to non-urban land user whose dwelling land unit less than 700
square meters. Those who consumes land more than these restraints will suffer
higher land value tax rate 1% up to 5.5% according to the progressive |land value
tax rule of Article 19 of SELR. In addition, for the protection of agricultural land
for farming, nobody can build housing unit on agricultural land but farmer.
However, farmer can only makes use of one tenth of hisfarming land to build
farm house. And, people could not be afarmer unless he owns afarm and works
on the farm, in the meantime, farming lands are not allowed to be held in the
land of non-farmer. Therefore, asaTaiwan citizen even heisvery richisusually
subject to these strict land consumption regul ations while heis buying a housing
unit. Then, it isreasonable for therich, such as plastic zaibatsu Wang’ s families,
cement tycoon Koo’ sfamilies, and the richest Chinesein the world, the insurer
Tsai’sfamiliesare all dwell inthe downtown area of Taipei City instead of live
far away from downtown to enjoy suburban or rural amenities. Thisfact provides
usto hypothesize that the maximum lot size, 300 m2 in urban land, and 700 m2 in
non-urban non-farming housing land, has made bid-rent function positively
affected by income, so that therichin Taiwan are usually live closeto CBD and

that the poor are bid away from CBD.

The purposes of this paper are to develop a simple model capable of
explaining the hypothesis that maximum lot size land consumption restraints are
important factorsin household residential choice behavior in Taipei Areaand to

empirically test the spatial ordering of household according to income.



Section 2 of these paper sets forth a simple model to show that the
maximum lot size land use restraint for housing steepensthe bid-rent function of
thericher households. Section 3 makes use of DGBAS 1981 and 1991 household
survey datato verify the hypothesis that maximum lot size regulation in Taiwan
has steepen the slope of the bid-rent function of thericher households. In the last

section we summarize the findings.

2. The Model

Considering one urban area which includes central business district (CBD),
residential area, and agricultural area. For the protection of agricultural land for
agro-production, the land in the agricultural area can only build farmhouse for
farmers. In other words, residents can not build housing in the rural area unless
he changes hisjob status asafarmer, or theland in therural areaistransformed
into aresidential area by law due to the expansion of the city size. For the
shortage of the urban land, the land tax law encourages households to consume
land less than or equal to the maximum lot sizes by use of alow tax rate; and
discourages land consumption beyond this maximum |l ot size through ahigh tax

rate.

Thus, in the absence of migration among jurisdictions, the total demand
for housing land under land consumption restraint is far less than the total
demand without the restraint. Asaresult, the bid price of land in the residential
areawill decrease. To the poor, whose land consumption is small and the land
consumption restraint is not binding, will be better off to consume more land
farther away from the CBD. To the rich, whose land consumption islarge beyond
restraint, will be worse off either subject to binding of land consumption

restraint or paying higher taxes. Since the higher income households cannot



flight freely to therural areato consume more land, they tend to locate closer to
the CBD to livein the high quality house. So that, under the land consumption
restraint, the rich might have a steeper slope of bid-rent function and the poor
have aflatter one, and the spatial distribution of households according to income

is quite different to what the United Stat es has.

Suppose the utility level of ahousehold depends on the quantity of land
(which monontonically transformsinto the housing space) H and the quantity of
composite goods Z, i.e.

(1) U=U(H, 2

The household is assumed to maximize its utility level subject to its

budget constraints and land consumption restraints:

(2) y=R(X)H+PZ+ t(x, y)

(3 H H

where
R(x) =land rent as a function of distance, x, from the CBD
P = given price of the composite goods

t(x, y) = transportation costs of the household as a function of
distance from CBD and its income as Muth (1969)
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assumed, where —X>O and il

>0 for wageincome
Ty J

y = income of the household

Besides, we define the bid-rent function of the household in any given

location X as B which solves the maximization problem below:



(4) max B

subject to

U UH,2) ©

BH+PZ+ t(X,y) y O

where U and X are given level of utility and distance respectively. Solving
this problem for every X with constant U we obtain a bid-rent function

B (x, u) Of the household. Following Casetti (1971) the market equilibrium

implies
(5) R(x) B(x,U*), for 0 x r
[R(X) B(x U)] H(x)=0

R(X) RA ; R(r): RA

where

u” = utility level of the household in equilibrium

Ra = rent of agricultural land

r= distance of the city boundary from CBD



Since H(x) 0, equation (2) becomes

(2)' y = B(x, U)H+PZ+ t(x, y)

Applying Kuhn-Tucker Theorem to equation (1), (2)' and (3), we obtain the

necessary conditionsfor suchanoptimuml.Sincey B (X, U*)H PZ t(x,y)=Ototdly

differentiating this necessary condition gets:

18 _ -1t
(6) ﬂ_x_H'nx<O

where ;TT—)t( isthe marginal cost of commuting for an extraunit of distance. This

equation delineates the negatively sloped bid-rent function. Further

differentiating this equation with respect to income yields

2 2
1B _ -1, {“t Tth, >
== -—-) 20
(7) TxTy H(ﬂXﬂy ﬂxy) <
Tt
where Ty is positive as shown by Wheaton (1977) and h = income

elasticity of demand for housing land. The sign of the right-hand side of equation

(7) isindeterminate. Now suppose the land consumption constraint is binding for

the higher income households, namely, H, = H, then h, will be zero and we

obtain

12t
1xTy.

<0

_-1
. H

Thus, the slope of the bid-rent function of therich householdsis positively

affected by income, and the rich households will live closer to the city center?.



Exogenous Labor Supply

Suppose work hoursareinstitutionally fixed to households. Theleisure, a
normal good inthe utility function, depends on the time spent in commuting and
thusisafunction of the distance of housing location from CBD. In other words,
the distance x is one of the argumentsin the utility function, since the shorter the

distance from CBD, the more the leisure and the higher the level of satisfaction.
Hence, equation (1) can be rewritten as
(9) U=V(H, Z, L(x)) =U(H, Z, x)

whereleisure L(x) = total hours minus constant work hours and commuting hours
which isafunction of distance. Equations (9), (2)', and (3) thus constitute a new
model which isthe same aswhat Alonso (1964) and Pines (1975) have done.
Forming Lagrangean function and using Kuhn-Tucker Theorem, we obtain

(10) LB:E(%_ T <o

where misthe Lagrangean multiplier and isinterpreted as the marginal cost of
land consumption constraint. Itiszeroif the constraint isnot binding, whileitis
negative if it isbinding. Thus, the larger the H the smaller the absolute value
of m. U, isthe marginal disutility to have an additional milefrom CBD. Itis
negative, since x isthe bad ‘good’ in the utility function. Equation (10) also
displaysthe negative slope characteristic of the bid-rent function. Differentiating

equation (10) with respect to household income, we obtain

LUK - M RO SE - ROOUX(U - )

. TPt RWUy _Tityh,
xfy Uy -m X'y

-2 dUH
dy




It isreasonable to assume that dU—X and dU—H

dy dy are zero whilethe systemisin

equilibrium, since x and H are determined and the marginal disutility of distance
and marginal utility of housing land consumption are unambiguous negative and
positive respectively. Equation (11) can be rewritten as

1t
TxTy

1°8 _ -1
ixty H

R(x)Ux_ﬂ)n
Uy-m Xy

(12) [ +( ] Zo0

Again the sign of theright hand side of equation (12) isindeterminate. But
with binding land consumption constraint to the higherincome household i, the
income elasticity of demand for housing land is zero and we get the same result
as equation (8). Thus, imposing land consumption restraint on Alonso-Pines
model, we can clearly get a more definite effect of income on the housing
location. And, we find that the effect of land consumption constraint isto induce
the higher income household to live closer to the CBD in the case of constant

labor supply.

Endogenous Labor Supply

Suppose labor supply is variable. The work hours are not institutionally
fixed for households. Leisure as a choice variable does not depend on distance
only. It also depends on wage rate which determines work hours denoted by Kk,
and on commuting time which is the function of distance and denoted by c(x). In

this case, we might formulate a utility function for the households as

(13) U=U H,Z K



where K =k + c(x) isthe hours spent on work and commuting. In equilibrium,
we can see that the marginal rate of substitution between distance x and the

numeraire good Z is equal to Wc'(x) since

Uy _TU/TK
(14) o, ~qurz

c'(x) =-Wc'(x)

where W is the wage rate. ~ Wc'(x) is the marginal cost (value) of living an
extra unit of distance away from CBD. Suppose we measure bid-rent function in

terms of unit of time we can define the shadow price of time as

_fB(x) _ /1L
X W/ 9z

(15) -B'(x) =WCc'(x)

Thelast equality hold only if itisin equilibrium. Then equation (15) isthe
locational equilibrium condition in terms of benefits and costs of time. Thuswe
can try to introduce shadow value of commuting timeinto the model. Equations

(13), (2)',and (3) together with system (4) we obtain

iB_1..,Uk . M, _-1 \ It
(16) W—H[P@C(X)'ﬂ—x]—ﬁ(wvc(x)+ﬂ—x) <0

which again yields the negatively sloped characteristic of the bid-rent function.

Differentiating equation (16) with respect to income we get

128

%t qth ;>
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(17) TxTy  Ixy

_-1o h
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The sign of the right hand side of equation (17) isindeterminate. If (i) h
=1, as Muth (1969) has assumed, and W y or (ii) wage worker is unemployed,
namely W=0, the right hand side of this equation is negative. Otherwisethesign
isambiguous. Again, with land consumption constraint binding to the higher
income household, h; =0 and the sign of the right hand side is definitely

negative since equation (17) becomes
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7% _-1_. 72
=[Pc'(x) + Ty,

(18) TxTyi H

]

and the rich households will have housing location close to central city. The
lower income households inhabit the peripheral areas, asin the European and

Latin American cities(Alonso 1964).

3. The Evidence of Housing Location in Taipei Area

The above analysis bases on the maximum lot size land consumption
constraint which is quite different to the minimum lot size zoning in the
suburban areasin the United States. Both maximum and minimum lot size will
lower the bid-rent function in the area which is subject to the constraint. In the
maximum |ot size case, the total demand for land consumption islessthan that of
no constraint. The land price, thus, islower all over the area. In the minimum | ot
Size case, the area subject to constraint will have | ower capital -to-land ratio and
population density. Only the higher income households can afford the costs of
housing in those zoning areas even if the unit price of land is low but the
quantity islarge. Therefore, the total demand for land in zoning suburban areas
are also restrained. People who might have been ableto livein these areas are
displaced due to the large-lot zoning regulation. They are forced to moveto the
central city (in our closed city model) where bid-rent function becomes higher

due to higher capital-to-land ratio than before (Fischel 1985, p.260-261).

Thus, minimum lot size zoning restrains the lower income household from
living in the zoning areas and maximum lot size land use regulation, on the
contrary, discourages the higher i ncome householdsto consume large size of

land. Obviously, inthe former case, the poor are worse off because they have to
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crowd in the central city and consume higher unit costs of land; and therich are
better off since they consume more land with lower unit costs. In thelatter case,
the poor whose land consumption is smaller than the regulated maximum lot size
are better off because the over all land pricein the city islowered; and therich
whose land consumption islarger than regulated maximum lot size are worse of f
because they might have to cut down their demand and decrease their welfare

level (Tsai, 1994).

The strict maximum lot size regulation and farmer status land
consumption restraint in addition to current account surpluses and foreign
exchange reserves accumulation to have annual growth rate of money supply
(M1b) over 21 % in the 1980sin Taiwan has skyrocketed the urban land price up
to more than 10 times during 1986-1990 (Tsai,1996). In the meantime, successful
economic development strategy in Taiwan has also raised general income level.
Theincome per capita GNP at current price was 2,443 US dollarsin 1981 and

8,189 US dollarsin 1991.

Figure 1 shows the northern area of Taiwan in which Taipei City is
surrounded by Taipei County. Inthe end of 1995, there are about 2.63 millions
citizenslivein Taipei City (271.80 km?), and 3.30 millions popul ation in Taipei
County (2,025.57 km?). The population density in Taipei City is 9687 per km?. It
is about 6 times as much asin Taipei County (1,632 per km?). The unit price of
land in Taipei City isalso many more timesthan that in Taipei County. There are
some of the rich households moved away from urban to suburban areas for the
sake of congestion and air pollution. But, most of the famousrichfamilies, such
asWan-lin Tsai (tycoon of insurance company), Y oung-ching Wan (tycoon of
plastic industry), and Chen-fu Koo (tycoon of cement industry) dwell in

downtown areaof Taipei City for easily doing businessin their office everyday.
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And, most of the lower income households are forced to move farther away from
CBD because they cannot afford the high cost of housing in the urban center.
Thus, we hypothesize Alonso’ s argument that the rich live close to and the poor
live away from CBD capable be explained by the spatial income distribution in

northern area of Taiwan.

Figure 1

The Location, Area, and Populations of Taipe city and Taipei County

WAERE Taipel

ZLiF
27180 =t
453 millioas

Talpei county  FEEE

025 37 km®
1,0 =illions
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The Data

W e make use of 1981 and 1991 DGBA S Household Survey Data (HSD) to
test our hypothesis. The HSD in 1981 showed some useful information, such as
money income, of 4,339 families scatter around in northern Taiwan in 190 basic
neighborhood units (BNU). The basic neighborhood unit in small village is
called CHUN, in town and city are called LI. The population size can be as small
as 100 or 1,000 citizensin CHUN, and 1,000 or 10,000 citizensin LI. On
average, there are 23 families in every BNU. Since we do not have exact
information of distance of each family from CBD, because DGBAS do not
provide name, address and telephone number of each family in detail for the user
of HSD. Wefirst find out the money income of each family in each BNU and to
calculate their average income as the proxy of income of that BNU. So that we
have 190 different i ncomelevels. In the meantime we made telephone callsto the
office of each BNU to check their distancesfrom CBD (Taipei Railway Station)
and find out 190 distances. By the same way, 4,500 families of the HSD in 260
BNU in 1991 have also measured. Thuswe build up 190 samplesin 1981 and
260 samplesin 1991.

The Empirical Results

The empirical study wants to know whether residential distances and
household incomesin Taipei areaare negatively related (Alonso’ s argument) or

positively related (Mills and Hamilton’ s postulation) as Figure 2.
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Figure 2

R(X) R(x)"e" R(x)
R(X)poor
e
R(X) poor R(X)rich

urban lr suburban X CBD urban r suburban X
a. The argument of b.The argument of Mills

Alonso (1964) and Hamilton

(1989)

By transforming incomes of therich and the poor into Figure 2, we can
formulate the simplest function al form as x=a+by, where aand b are the

intercept and slope of this linear equation respectively.

Finally, we make use of the above datato run regressions and have the

following results:

(19) x1981=12.6734 0.000025Y 1981 R2=0.0576

(9.1910)  (-3.3910) F=11.501

for 1981, and
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(20) X1001=19.4331 0.000012 Y1961 R?=0.1336

(11.9580)  (-6.3070) F=39.779

for 1991. These results should capable of explaining our hypothesis that therich
householdsin Taipei arealive closer to CBD and the poor reversely. Therefore,

the housing location in Taiwan is quite the same as Alonso’ s argument. But,

Mills and Hamilton may also be right since (%)1981 =-0.000025 in 1981 has

changed to being (%)1991 = -0.000012. This means that one New Taiwan Dollar

increase will make household move 0.000025 KM closer to CBD in 1981 and

0.000012 KM in 1991. Furthermore, if weintend to find theincome gradient of

Taipei areawe can havethefollowing functional form, y= Yo bx,where

Yo istheincomelevel of household livedin CBD. Applying the same set of data,

we get the results as below :

(21) y1981=12.02303 0.02321x R2=0.2366
(146.88)  (-3.96) D.W.=2.1510

(22)  Y100:=10.27854 0.010841x R?=0.0403
(191.95)  (-2.51) D.W.=1.9800

The results show that income declines by roughly a constant rate 2.3% per

kilometer away from CBD in 1981, and 1.08% in 1991.

Both the change of slope and the change of gradient between 1981 and
1991 as equations (19)-(22) have shown that the income levels of suburbanites
are increasing. Particularly, after economic boom during 1986-1990, there are
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many newly money-maker tried to breakthrough the land use regulations by
illegal changing their job status as a farmer to buy and consume suburban or

rural land.

4. Concluding Remarks

This paper introduces land consumption maximum | ot size restraint of
Taiwanese institutional setting into the slope of the bid-rent function of the
households to investigate the changes of spatial income gradient under the
restraint. We find that the maximum lot size restraint will steeper the slope of the
bid-rent function of the higher income households. Therefore, the poor
households will belived out of the centrally urban area by the rich households.
The housing location in Taiwan, thus, is contrary to the American cities but quite
the same as the European and The third world where the poor usually inhabit in

the peripheral areas while the rich and middle class live centrally.

Empirical studies show that the relationships of residential distance and
household incomein Taipei areaare negatively related both in 1981 and 1991. It
proves Alonso’s argument. But, the slope of distance-income functionissmaller
in 1991 than that of 1981 while general income level has been raised higher than
before. One NT dollar increase will make household move 0.000025 kilometer
closer to CBD in 1981 and 0.000012 kilometer in 1991. These slopesindicate
that there is atrend of suburbanization. The arguments of Mills and Hamilton
may also right in the case of maximum lot size restraint when general income
level islarge enough to have positive slope of distance-incomefunction. If so,
the change of income gradient will be positive instead of -2.3% in 1981 and

-1.08% in 1991.
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