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Abstract

By incorporating the spatidly arrangement of counties relative to each other, this paper
uses aland use share modd to investigate the possibility that the dlocation of land usein
one county could be influenced by not only the degree to which the county is zoned, but
a <o the degree to which nelghboring counties are zoned due to spillovers of zoning
effects among neighboring counties. The estimation uses data on land use for 88 counties
in Ohio.
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The Effect of Rural Zoning on the Allocation of Land Use in Ohio

Introduction

Like many aress of the U.S,, Ohio has witnessed a Sgnificant increase in urbanization
rates within the last couple of decades. Ohio ranked in the top 10 among U.S. statesin
terms of the average annud rate of non-federa land developed for the periods 1982-1992
and 1992-1997. Given that Ohio's population is predicted to grow by 1.64% within the
next 10 years and that the current rate at which land is converted to urban usesisfive
times the population growth rate, this fast-paced urbanization is expected to continue into
the foreseeable future. Loca governmentsin Ohio have offered severd land use toolsto
influence the pattern and pace of land use change. Among these, zoning is the most basic
land usetool. Although zoning isin widespread uss, littleis known of its overdl
effectiveness, particularly with regards to how it affects the alocation of land to different

uses.

Conclusions from the theoretical and empirica literature on the effect of zoning are
mixed. Some studies have concluded that zoning encourages urban sprawl by reducing
settlement dendity in a metropolitan area and forcing people to move outsde the area
(Atkinson and Oleson, 1996; Bogart, 1998). Other research shows that land use patterns
in aties without zoning are not subgtantialy different from those in cities with zoning
(Siegan, 1972). These conclusons differ partly because of different assumptions and
different mode structures. One of the main structurd differences is whether one or

severd jurisdictions are modeled and whether the modd is explicitly spatid.



By incorporating the spatidly arrangement of counties reletive to each other, this
paper investigates the possbility that the dlocation of land use in one county could be
influenced by not only the degree to which the county is zoned, but aso the degree to
which neighboring counties are zoned. If local land markets are interdependent due to
imperfect subgtitution of land among neighboring aress, then this suggests the possibility
that zoning may redtrict the supply of developable land in one county and consequently
increase the amount of land converted in neighboring counties. In other words, the
dlocation of land usesfor a given county might depend not only on the zoning within
that county, but aso on the extent to which zoning in neighboring counties may induce
spillover effects by indirectly influencing the amount of land converted. Accounting for
this possibility isimportant sSince the presence of such spillovers would provide a

rationde for aregiond governance gpproach to growth management.

A land use share modd is developed and estimated using county-level datafor 88
counties in Ohio on land use, zoning, and other socio-economic variables. In tegting the
zoning spillover hypothess, we use different specifications of the neighborhood to gauge
the extent of the potentia spilloversfor the zoning variables in the neighboring counties.
This paper is organized asfollows. Firgt, an overview of Ohio rurd zoning is presented.
The next section reviews the findings on the effects of zoning in the literature. Thisis
followed by the empiricad modd, data and variables, and empirical results. Conclusions

are then drawn in the find section.



Ohio Rural Zoning*

In 1947, the Ohio Generd Assembly passed enabling legidation that dlows cities,
villages, counties, and townships to establish zoning. The methods and procedures to
establish zoning are digtinct. However, the content of a particular ordinance is the
discretion of the people of the area. Ohio'slaw is very precise and detailed and is

designed to involve the public in the zoning process.

Zoning regulation can be divided into two categories. unincorporated (rura) and
municipal. Rurd zoning concentrates on township and county zoning outside of
municipdities (village, town, city). Township zoning is the respongbility of township
trustees. County zoning falsinto the jurisdiction of the county commissoners;, county
zoning may incdude dl or any number of townshipsin the county under a uniform zoning
text administered county-wide if the township so choose. All zoning issues are accepted
or rgjected by referendum. The vast mgority of rura areas with zoning have used the
township form.? It is possible that county administered zoning maybe more effective and
efficient, but because of controversy and emotiond feelings citizens often prefer to keep
the decision making processes close to home and forego some of the economic
effidencies. Even with the county approach, rura zoning is either accepted or regjected

by the mgority vote in each township.

 Much of the discussion in this section is from Ohio State University Fact Sheets CDFS-300, CDFS-301,
CDFS-304 and CDFS-305.

2 Based on the records through November 1997, there are 604 townships that have enacted township rural
zoning and 96 townships that have enacted county rural zoning. For the rest of 612 townships, 198
townships rejected rural zoning, 4 townships repealed township rural zoning, and 410 townships have no
rural zoning.



The purpose of municipa zoning isto protect public hedth, safety, and generd
welfare. Township and counties, on the other hand, zone to protect “ the hedlth, safety
and mords’ of theresdents. Thereisno clear authority to zone on behdf of the generd
welfarein rurd Ohio, thus townships and counties have been reluctant to enact
ordinances that include didtricts exclusively for agriculture or open space, fearing legd
chdlenge. Discussons of zoning by rura residents congtantly provoke differences of
opinion about what it can and cannot do. 1n 1947, the Ohio legidature gave counties and
townships the legd authority to proceed with rural zoning as long as it was based upon a
comprehengve plan. Thelegidation that crested rural zoning is quite precise, but
nonethel ess misunderstandings can Hill occur. At its best, rurd zoning can:

assist community economic growth by helping reserve adequate and desirable sites
for indugtrid and commercid users,

protect the public's property from inconsstent or harmful uses,

help keep rurd areas from becoming dumping grounds for businesses which are
trying to avoid municipa regulations,

protect individual property owners from harmful or undesirable uses of adjacent
property;

provide orderly and systemic trangtion in land use that benefits dl land uses through
public hearing and locd decisons,

help prevent objections to norma and necessary farming operations which can take
place when residentia developments move into agricultura areas in an unplanned

faghion;



make a community more attractive by asssting the preservation of open space,
unique natural resources, and natura terrain features;

protect present and future industry from harassment by residential neighbors by
informing resdents where industry will be dlowed to develop in an orderly fashion;
serve asatool to put into effect plans for future development;

dlow for important community decisons to be made within the community.

On the other hand, rura zoning cannot:
change or correct past land uses;
prohibit farm buildings or farming decisons, such as crop or livestock sdlection;
establish higher development standards than the community desires, such asa
guarantee that its adoption will be followed by indudtrid, commercid, or tourism
development;
assure proper adminigtration of the resolution, no matter how good it may be;
assure that land uses will be permanently retained as assigned under the zoning
resolution. Rezoning is possible in response to changing conditions and
unanticipated opportunities;
guarantee the structural soundness of buildings congtructed in zoned digtricts.,

Zoning is not a building code.

Asit can been seen from these statements, rurd zoning in Ohio is not designed to

prevent land from being converted to development use as long as the process occursin an



orderly fashion and harmlessway. In other words, Ohio rura zoning is a development
tool availableto rurd resdents who what to participate in the growth and development of
their area. Although it can not change or correct land use action in the pagt, it can serve
asaguideline for development in the future. For this reason, we might expect it to have

some influence on the dlocation of land usss.

Hypothesized Effects of Zoning

Mogt of the economic literature on zoning has primarily focused on the effects of
zoning on land value or price, e.g. Henneberry and Barrows (1990), Brownstone and De
Vany (1991), McMillen and McDonald (1993), etc.* This approach seeks to identify
whether the dlocation of land has changed as aresult of zoning by testing for price
differentids, which would indicate that zoning does modify market outcomes by
changing the expected return to specific land parcels. If zoning does not induce
ggnificant changesin the quantity of land dlocated for various uses, land prices would

be expected to remain constant, ceteris paribus.

One practica reason for using price as a measure of zoning effectsis data availability.
Data on sales transactions of houses, from which land values can be ascertained, are
reedily available from public records. On the other hand, land use data are limited in
most aress of the U.S. For this reason, little empirica evidence exigts of the effects of

zoning on the amount, share, or rate of conversion to urban land uses.

3 Theonly exceptionisif auseis made "non-conforming". A nonconforming use can be eliminated if that
useisvoluntarily discontinued for two years or if more than one-half is destroyed by fire or natural disaster.



In what follows, we use county-leve datafor Ohio on land use shares, zoning, and
other socio-economic variables to estimate the effects of zoning on the proportion of land
use dlocated to different uses within the county. In doing so, we are particularly
interested in the possible spillover effects of one county's zoning on neighboring
counties. Because zoning may affect the relative prices of different land parcels, it may
adter resdentid choice behavior across the region. Theimportance of consdering
potentia spatid spillovers of land use regulations has been noted and documented in the
literature (Feitelson, 1993; Nelson, 1988). For example, Feitelson finds that price
increases due to land use controls have repercussions beyond the regulated areafor new
and exiding resdents of theregion. A criticd issue in testing for potentid spilloversis
the relevant extent of the neighboring. We define four different neighborhoods and
compare the robustness of the results across dl four specifications. Detains are discussed

in the next section.

The Empirical Modd
One of the most common approaches to estimate the determinants of land use isthe
land use share model.> A logistic parameterization of the expected share Py istypicaly

used to express the share equation:

* For acomplete literature review on the effects of zoning, see Pogodzinski and Sass (1991).
® For areview of these models, see Plantinga et al., 1999



wherei is county, k indexes land uses, X; isavector of explanatory variables, and by isa
parameter vector to be estimated. The logistic specification in (1) bounds the expected
shares between zero and one. The observed shares ik are the combination of the
expected share, Pjy, and the error term ejx. The mode is transformed by taking the
logarithm of land use shares normdized on urban land use share (yi1), which can be

written as,

(2)  InCyy /y,)=beX,

where k indexes agricultural( k = 2) , forest ( k = 3) and other ( k = 4) uses. Under this
specification, the three log- share equations are estimated Smultaneoudy. Theoreticaly,
the seemingly unrdated regresson (SUR) estimation should be employed because the
disturbancesin these different equations at a given time are likely to reflect some
common unobservable or omitted factors, and hence could be corrdated. Empiricaly,
we used least square estimation for each of these three equation since we include the

same set of explanatory variables for each equation.

Data and Variables
Much of the data used to estimate this mode were calculated from the 1992 National
Resources Inventory (NRI), acomprehensive nationwide assessment of land use

conducted at 5-year intervas usng systematic sampling procedure specificaly designed



to identify the areas of land in different uses. The NRI dassfiesland use as eleven
categories, from which we aggregate as follows: "urban-smdl and large built-up* are
defined as urban usein our modd; "cropland” and "pasturdand” as agricultural use,
"forest land" asforest use; and the rest of the land not classified as one of the above as
other uses. Additiona data on population and agriculturd profits are from the 1987
Bureau of Economics Analysis and the 1987 Census of Agriculture. Lagtly, zoning data
were collected by Ohio State University Extensior? from records at the Secretary of
State's office and through a survey of selected county planning agencies. The datawere
recorded through November 1997. Although thereisab years differentiad between the
zoning data and the land use shares data, the divergence does not impair the interpretation
of the zoning in the model because dmost no change in the zoning records occurred

between 1992-97.

The explanatory variables in the vector X include (1) zoning variables, (2) access
variables, (3) land quality, and (4) other variables. We discuss each of theseinturnin

what follows.

(1) Zoning varigbles:

In Ohio, rurd zoning can be governed by township zoning boards or by county
zoning boards, as decided by locd referenda. The zoning approaches used by either are
notably different, and thus may affect land use patterns differently. To capture the

influence of these zoning differencesin our modd, we congtructed two zoning varigbles

6 Wewould like to thank Tim Pritchard for providing the zoning data.



as the proportions of land in each county that are in ether zoning domain: township rurd

zoning (TRZ) or county rurd zoning (CRZ).

In addition to these two zoning variables that focus within each county, two other
zoning variables were created to capture the likely "spillover effects’ on land usein
counties driven by the degree to which neighboring counties are zoned. Thetwo
variables are i) aweighted average proportion of township rural zoning enacted in
neighboring counties (WTRZ), and ii) aweighted average proportion of county rurd

zoning enacted in neighboring counties (WCRZ).

These weighted averages for neighboring counties were ca culated based on the
gpatid relationship of counties to each other as specified using a spatia weight matrix.
The spatia structure embodied in the spatid weight matrix is amaintained assumption;
the structure is specified according to an a priori belief about the spatid pattern of the
dependence -- in this case, the rdlevant neighborhood within which zoning spillovers are
hypothesized to occur. However, the extent of the relevant neighborhood is an empirica
question and one for which we do not have any additiona data. In order to judge the
robustness of the results to the assumption of the rdlevant neighborhood for this study,
four spatid weight matrices were specified based on the following two widdly used
criteria i) nearest neighbors, and ii) the degree of contiguity among neighbors. Detalls
areligedin Table 1. After the weights were cdculated, the elements of each row of

matrices were normaized such that they sum to unity.
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(2) Accessvariable:

The presence of a highway within a county is expected to affect the land use patterns
asit could reduce the cost of accessto nearest urban center. Consequently, it could
encourage urban development; more land would be expected to alocate to urban use than
ether agriculturd or forest use if ahighway is present within acounty. In this study, we
used adummy variable (HWAY), the presence of ahighway in 1989 within each county,

as the proxy for the accessibility characteridtics.

(3) Land qudlity:

Land quality is constructed based on the measure of Land Capability Class’(LCC)
defined by USDA. There are eight classes in this congruction; the lower the class, the
fewer limitations for cultivation, thus, the higher isthe land qudity. Accordingly, LCC |
and Il represent land with physical characteristics best suited to crop production (USDA
Soil Conservation Service, 1961). It isassumed that if a county has alarge amount of
high qudity land best suited for crop production, then the agriculturd share in the county
will be higher, dl dseequd. Therefore, we used the amount of land in LCC | or 1l inlog
form (LN_LCC) asameasure for land quality. Furthermore, this variable can be used to
account for some degree of within-county variation in land qudity (Plantingaet al.,

1999).

Inadditionto LN_LCC, average LCC for each county (AVLCC) isincluded to

capture the possible heterogeneities of land qudity among counties. The higher the vaue

" Land quality measures based on L CC are used in studies by Wu and Segerson (1995), Plantinga(1996),
Hardie and Parks (1997), Miller and Plantinga(1999) and Plantinga et al .(1999).

11



of AVLCC, the lower is average land quaity and therefore we would expect agricultura

share in the county will be lower, dl ese equd.

(4) Other variables:

LN_URBAN: the amount of existing urban land within acounty in 1987 isused asa
proxy for converson costs. Conversion costswill be lower in an areathat is dreedy
partidly converted to urban use, particularly if economies of scae exist (e.g. dueto fixed
cogsincurred by building infrastructure to support initid urbanization). If thisisthe
case, LN_URBAN is expected to have a positive effect on urban share in the county.
One the other hand, LN_URBAN is expected to have negative effects on other land use

shares, such as agriculture share, forest share.

LN_AVHOUV: average housing vaue in 1989 is used as a measure of the income
gpent on housing. This variable can serve as the surrogate for income, but could be a
better measure since LN_AVHOUV represents the income appropriated to the spending
on housing directly; that is, it could be amore direct measure than incomeif the focusis

to differentiate urban land use with other uses.

PDEN: the population density of the county in 1987 isincluded as a proxy for urban
land rents. It is commonly acknowledged that the allocations of land to urban, other
nonfarm and nonforest uses are related to population dengity (Wall, 1981; Alig et al.,

1990). Thus, we used population dengity to explain the share of land devoted to urban



uses. Itisexpected that the higher the population density, more land will be dlocated to

urban uses.

LN_AGPROF: we include average estimated agricultura profit per county in 1987 to
capture the opportunity costs of converting land from agriculture to an urban use. Since
high agricultura profit gives farmers the incentive to keep land in agriculturd use,

LN_AGPROF is anticipated to have a positive effect on the share on agriculture use.

Empirical Results

Tables 2-5 present estimates of the modd. The estimated coefficients can be
interpreted as the percentage change in the share ratio yi/y; for aone-unit changein the
independent variable, where y; is urban land and yi represents agriculturd, forest, and

"other" land use variables.

(1) The Effects of Zoning

From Table 2-5, theratio of agricultura to urban use, In(y2/y1), is not significantly
influenced by ether township zoning (TRZ) or county zoning (CRZ). These coefficients
are not sgnificantly different from zero across dl specifications of spatid weight
matrices. One possible explanation for thisresult is that the rural zoning in Ohio is not
designed to prevent conversion; it is more a matter of guiding development, and most

local zoning assumes that when the demand is there, variance will be granted.
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Contrary to the results that we found from the two zoning variables enacted within a
county, three out of four specifications® show that the weighted average proportion of
township rurd zoning enacted in neighboring counties (WTRZ) has a negative and
sgnificant effect on the amount of agriculturd reative to urban use in a county,
including the specification with the highest adjusted R (0.9634). These findings suggest
that the degree of township rura zoning in neighboring counties has negative effects on
the share ratios of agricultural use to urban use; in other words, it has positive effects on
the amount of urban land use relative to agricultura use, dl dseequd. In spite of the
gpatid effects found in WTRZ, no such effect found in the welghted average proportion
of county rura zoning enacted in neighboring counties (WCRZ) for the ratio of

agricultura to urban use.

Alternatively, none of the zoning variables was found to have a Sgnificant effect on
the land share of forest relative to urban land, In(ys/y1), Suggesting that thisratio is not
sendtive to ether township zoning or county zoning, within the counties or from the

neighboring counties.

(2) The Effects of other Explanatory Varidbles

Tables 2-5 dso present the effects of other explanatory variables on the percentage
change of the shareratio. Theratio of agriculturad to urban use, In(y2/y1), isnegatively
and dgnificantly influenced by LN_URBAN, our proxy for average converson costs

within the county, and population density within the county (PDEN). These coefficients

8 Those are W'?in Table 3, W3 in Table 4, and W* in Table 5, respectively.
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are both negative and significantly different from zero a the 5% leve acrossdl
specifications of spatial weight matrices. Average housing vaue (LN_AVHOUV) isdso
found to have a negative effect on thisratio; for the specification with the highest

adjusted R? (0.9634) among four spatia weight matrices, the coefficient is significantly
different from zero at the 10% levd, indicating the increase of average housing value dso
is associated with a higher ratio of urban use to agricultural use. As expected, the
coefficients on the average estimated profits from agriculture (LN_AGPROF) are dl
positive and sgnificantly different from zero at the 5% level across dl specifications of
gpatid weight matrices, indicating the opportunity cost of developing profitable

agriculturd lands.

In addition, the coefficientson LN_LCC and AVLCC are positive and negative,
repectively, and they are dl sgnificantly different from zero at 5% level across
specifications. Therefore, counties with larger amounts of high-qudity agriculturd land
(LN_LCC) or with lower average LCC (i.e. higher land qudity) (AVLCC) tend to have
higher agricultura to urban ratios. Lastly, the presence of ahighway (HWAY) is
edimated to have a negative influence on the ratio of agriculture to urban use, but none of
these estimates are Sgnificantly different from zero across the four different

specifications.

Turning now to the other determinants of land use share of forest land relative to

urban land, In(ys/y:), the coefficientson LN_URBAN and PDEN are both found to be

negative and sgnificantly different from zero at the 5% level across al specifications.

15



These results suggest that an increase in the amount of existing urban land or population
dengity isrelated to alower shareratio of forest useto urban use. LN_AVHOUV adso
has a negetive effect on the ratios, athough is not found to be sgnificantly different from
zero. Likewise, dthough the coefficients on LN_AGPROF are dl positive, none are
ggnificantly different from zero. Theinggnificant result from LN_AGPROF is not

aurprising since this variable is more likely to influence agricultura use than forest use.

Asfor the effects of land quaity on the ratio of forest to urban lands, the coefficients
on LN_LCC and AVLCC are both positive, dthough the estimate is not sgnificant for
LN_LCC. Contrary to the results that we obtained in estimating the ratio of agricultura
use to urban use, AVLCC has a positive and sgnificant effect on the ratio of forest useto
urban use. Thisresult implies that counties with higher average LCC (i.e. lower land
qudity) tend to have higher ratios of forest to urban use. Given that forested land is often
found on lands that are margind in terms of agriculturd productivity, the differencein
this estimated effect across the normalized agriculturd and forest land use shares is not
aurprising. Lastly, the coefficient on the presence of a highway (HWAY) is negetive, but

is not sgnificantly different from zero across any of the four specifications.

Overdl, the estimated coefficients appear reasonable. Those variables categorized as
other variables, such asLN_URBAN and PDEN, seem to have more significant impact
on the ratios than other categories do. In comparing the effect of a particular varigble on
these three ratios, we find that some variables have positive effects on the normalized

shareratios of urban land across equations as well as specifications, such as
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LN_URBAN, PDEN; others are more sengitive to one than others. For example,
LN_AGPROF has postive effect on the ratios of agricultura use to urban throughout
different spatia weight matrices, but it has inconclusive effects on the ratios of forest to
urban as well as*others’ to urban use. In addition, the two variables representing land
quaity, LN_LCC and AVLCC, have more sgnificant influence on the ratio of

agricultura useto urban use.

Conclusions

It cannot be said a priori whether zoning regulation will modify market outcomes or
conform to them. Results from the land use share models regarding the role of zoning are
mixed. We find that the proportion of land within a county thet is zoned is not Sgnificant
for ether the agricultura or forest normaized land use share models. However, we do
find that the proportion of neighboring township zoning is sgnificant for the agriculturd
land use share modd, dthough it is again inggnificant in the forest land use share modd.
Therefore, rurd zoning is not found to act as a condraint to the amount of urban land
relative to agriculturd and forest lands within a county, but doesin some case generae a
spillover effect across counties that results in a higher amount of urban land relative to

agriculturd land the higher the proportion of neighboring land thet is zoned.

One possible explanation for why we find some evidence of azoning spillover effect,
but no evidence of zoning as a condraint within a county could have to do with the
degree to which zoning policies within a county are endogenous vs. the relive

exogendty of zoning policiesin neighboring counties. Residents within a county may

17



have afair amount of influence over the zoning policy within their own county and asa
result, zoning within a.county is not an exogenous congtraint on the amount of urban land
relative to undeveloped lands. On the other hand, resdents within a county are likely to
have little influence over the zoning policies of neighboring counties and therefore the
proportion of land zoned in neighboring counties is viewed as an exogenous congiraint on
the amount of urban land rdative to agriculturd lands in neighboring counties. If the
amount of land in neighboring counties that is zoned signds a potentia congtraint on the
supply of urban land within the region, then this may spur the conversion of additiond
land to urban uses within acounty. In other words, zoning spillovers arise due to
resdents expectations over the exogeneity of zoning policiesin the neighboring

counties.

Alternatively, in light of the inggnificance of most measures of zoning in theland use
share modds, we cannot rule out the case that this finding of a sgnificant zoning
spillover effect is spurious. In this case, we would conclude that zoning is not a
condraint on the amount of urban land relaive to ether agricultura or forest lands and

thet there is no evidence of zoning spillovers among neighboring counties

18



Table 1. Description of Spatial Weight Matrices

Spatid Weight Matrix Description
(1) nearest neighbors contiguity Nearest neighbors contiguity matrix based on
Euclidean distance
wH Weight equals 1 if acounty iswithin 5 nearest
neighbors from the observed county, O otherwise
w2 Weight equals 1 if acounty iswithin 10 nearest
neighbors from the observed county, O otherwise
wis Weight equals 1 if acounty iswithin 15 nearest
neighbors from the observed county, 0 otherwise
(2) degree of contiguity Rook criterion
w Weight equals 1 if share common boundaries, O
otherwise

Notes: Spatial weight matrices (1) are carried out by SpaceState version 1.9 (Anselin, 1998). (2) is
produced using ArcView 3.2 — SpaceStat Extension.

19



Table 2 Estimation Resultsfor Land Use Share M odels Based on Spatial Weight

Matrix W
Explanatory Variables In(y2/y1) In(ys/y1) In(yaly:)
CONSTANT 7.944 1773 9.503
(3.838)** (0.382) ( 2.650)**
Zoning Variables
TRZ -0141 -0.142 -0.269
(-1052 (-0.474) (-1162)
CRz -0.123 -0212 - 0.665
(-0.663) (-0.508) (-2.066)**
WTRZ -0419 0.013 0.620
(-1582) (0.021) (1.350)
WCRZ 0.014 -1.034 0.773
(0.046) (-1.609) (1.485)
AccessVariable
HWAY -0.018 -0.125 0.09%6
(-0.252) (-0.769) (0.758)
Land Quality
LN_LCC 0.230 0.227 0.219
(3.030)** (1.33) (1.659)*
AVLCC -0224 0.898 0.079
(- 2501)** (4.466)** (0.507)
Valuerelated Variables
LN_URBAN -0.907 -0478 - 0.668
(-16.905)** (-3.968)** (-7.189)**
LN_AVHOUV -0.281 -0.318 -0539
(-1516) (-0.766) (1.679)*
PDEN -0.004 -0.003 -0.003
(-6.606)** (-2.488)** (-3373)**
LN_AGPROF 0141 0.105 -0.477
(2.348)** 0.777) (-1.704)*
Adjusted R 0.9605 0.8452 0.8183

Notes: 1. Subscripts on share refer to urban (k = 1), agriculture (k = 2), forest (k = 3), others (k = 4).

2.t -statistics are given in parenthesis. * denotes significant at 10%, ** denotes significant at 5%.
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Table 3 Estimation Resultsfor Land Use Share M odels Based on Spatial Weight

Matrix W*?
Explanatory Variables In(y2/y1) In(ys/y1) In(ya/ya)
CONSTANT 8.769 1.846 8.741
(4.418)** (0.39%) (2.418)**
Zoning Variables
TRZ -0.186 -0.180 -0.162
(- 1.529) (-0.632) (-0.731)
CRz -0121 -0.368 -0.502
(-0.709) (-0.915) (-1611)
WTRZ -0.838 0.588 0.119
(-3.058)** (0.914) (0.238)
WCRZ -0.120 -0.617 0411
(-0.396) (-0.867) (0.744)
Access Variable
HWAY -0.058 -0.085 0.074
(-0.806) (-0.502) (0.568)
Land Quality
LN_LCC 0.186 0.268 0.165
(2.477)** (1.520) (1.204)
AVLCC -0.331 1031 -0.024
(-3.548)** (4.708)** (-0.144)
Valuerelated Variables
LN_URBAN -0.902 -0.489 - 0.655
(-17.493)** (-4.041)** (-6.978)**
LN_AVHOUV -0.282 - 0417 -0.398
(- 1657)* (-1.043 (-1.284)
PDEN -0.004 -0.003 -0.003
(-6.766)** (-2.594)** (-3.193)**
LN_AGPROF 0.147 0111 -0.169
(2.559)** (0.816) (-1611)
Adjusted R 0.9634 0.8424 0.8136

Notes: 1. Subscripts on share refer to urban (k = 1), agriculture (k = 2), forest (k = 3), others (k = 4).
2.t -statistics are given in parenthesis. * denotes significant at 10%, ** denotes significant at 5%.
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Table 4 Estimation Resultsfor Land Use Share M odels Based on Spatial Weight

Matrix Wt
Explanatory Variables Infy2/y1) In(ys/y1) Infys/y1)
CONSTANT 8.164 2.905 8.433
(4.044)** (0.620) (2.360)**
Zoning Variables
TRZ -0.191 -0.188 -0.149
(- 1.526) (-0.649 (-0.675)
CRz - 0.096 -0413 -0472
(-0.558) (-1.031) (-1543)
WTRZ -0.790 -0.240 0530
(- 2.436)** (-0.318) (0.923)
WCRZ -0.300 -0.562 0.409
(-0.949) (-0.767) (0732
AccessVariable
HWAY -0.048 -0.140 0.097
(-0.654) (-0.820) (0.744)
Land Quality
LN _LCC 0.255 0.153 0.196
(3.417)** (0.884) (1.487)
AVLCC -0.267 0.842 0.045
(-2.932)** (3.978)** (0.279)
Valuerelated Variables
LN_URBAN -0.920 -0478 -0.653
(-17.434)** (-3.901)** (-6.990)**
LN_AVHOUV -0.288 -0.381 -0412
(- 1.657)* (-0.946) (-1.342)
PDEN -0.004 -0.003 -0.003
(-6.092)** (-2.466)** (-3.284)**
LN_AGPROF 0.153 0.143 -0.190
(2.536)** (1.015) (-1.777)
Adjusted R 0.9614 0.8381 0.8148

Notes: 1. Subscripts on share refer to urban (k = 1), agriculture (k = 2), forest (k = 3), others (k = 4).

2.t -statistics are given in parenthesis. * denotes significant at 10%, ** denotes significant at 5%.



Table 5 Estimation Resultsfor Land Use Share M odels Based on Spatial Weight

Matrix W*
Explanatory Variables In(y2/y1) In(ys/y1) In(yaly:)
CONSTANT 7.889 2234 9.235
(3.872)** (0.481) (2.645)**
Zoning Variables
TRZ -0.139 -0.187 -0.272
(-1.080) (-0641) (-1.238)
CRz -0.070 -0.387 - 0.653
(-0.405) (-0.983) (-2.206)**
WTRZ -0482 0.192 0.925
(- 2.124)** (0372 (2.378)**
WCRZ -0.116 -0.765 0.757
(-0411) (-1.189) (1.565)
AccessVariable
HWAY -0.027 -0.109 0114
(-0.369) (-0.664) (0922
Land Quality
LN_LCC 0.212 0.233 0312
(2.764)** (1.33) (2.367)**
AVLCC -0.250 0.935 0.177
(- 2.818)** (4.629)** (1.168)
Valuerelated Variables
LN_URBAN -0.907 - 0475 -0.676
(-17.054)** (-3.923)** (-7.426)**
LN_AVHOUV -0.250 -0.386 - 0.602
(-1.376) (-0.933) (-1.931)*
PDEN -0.004 -0.003 -0.003
(-6.701)** (-2.584)** (-3.395)**
LN_AGPROF 0141 0.107 -0.190
(2.328)** (0.790) (-1.869)*
Adjusted R 0.9612 0.8431 0.8253

Notes: 1. Subscripts on share refer to urban (k = 1), agriculture (k = 2), forest (k = 3), others (k = 4).
2.t -statistics are given in parenthesis. * denotes significant at 10%, ** denotes significant at 5%.
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