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Estimating Effects of an Urban Growth
Boundary on Land Development

Seong-Hoon Cho, Zhuo Chen, Steven T. Yen, and

David B. Eastwood

This study estimates the effects of an urban growth boundary (UGB) on land development
decisions in Knox County, TN, using a heteroscedastic probit model. With combined ef-
fects of increased land development within the city boundary and decreased development
within the UGB and the neighboring town of Farragut after the implementation of UGB,
the UGB of Knox County has been successful in urban revitalization within the city bound-
ary and discouraging urban sprawl. These UGB impacts may be related to the city gov-
ernment having the right to annex land parcels within the UGB without consent of land

owners.
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The smart growth policy glossary of the En-
vironmental Protection Agency (EPA) defines
an urban growth boundary (UGB) as “a
mapped line that separates land on which de-
velopment will be concentrated from land on
which development will be discouraged or
prohibited.” It further states that, ‘“‘typically,
facilities and services necessary for urban de-
velopment are provided within the boundary,

while service extensions outside the boundary
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are restricted.” The objectives of UGBs are
summarized in six categories (Staley, Jeffer-
son, and Mildner): (1) preserve open space
and farmland; (2) minimize the use of land
generally by reducing lot sizes and increasing
residential densities; (3) reduce infrastructure
costs by encouraging urban revitalization, in-
fill, and compact development; (4) clearly sep-
arate urban and rural areas; (5) ensure the or-
derly transitions of land from rural to urban
uses; and (6) promote a sense of unified com-
munity. UGBs have become one of the hottest
planning tools in the nation. More than 100
cities and counties have adopted a form of
UGB (Staley, Jefferson, and Mildner). They
are increasingly seen as the growth manage-
ment tool of choice by local communities be-
cause they offer potential solutions for urban
sprawl and the preservation of farmland and
open space with higher intensity of investment
and development in restricted areas.

As a part of Tennessee’s Growth Policy
Act, effective since 1998, all counties and the
cities within them are required to collaborate
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in defining UGBs. Its passage was considered
a dramatic and unexpected move by the state
legislature (Porter). The City of Knoxville
adopted a UGB in January 2001. Following
Oregon and Washington, Tennessee is one of
only three states that have adopted statewide
policies mandating creation of UGBs for local
governments. Oregon adopted growth man-
agement legislation in 1973, and Portland
adopted growth boundaries in 1979. Washing-
ton passed the Growth Management Act in
1990, with Clark County introducing a UGB
in 1995.

Despite the popularity of UGBs, there have
been unintended consequences, as well as fail-
ures, in meeting the aforementioned objec-
tives. Portland, OR, has proven to be an ex-
cellent case study for examining the intended
and unintended effects of a UGB, since the
area is considered to demonstrate the most so-
phisticated and comprehensive attempt to im-
plement a UGB. However, evaluation of
Oregon’s UGB was not started until the 1990s
mainly because the state had not developed a
program to collect data for systematic analy-
sis. Despite the data limitations, a substantial
body of research has emerged that evaluates
the UGB of Portland, OR. Some studies sup-
port the conclusion that Portland’s UGB has
effectively slowed down urban sprawl and in-
creased residential density (e.g., Kline and
Alig; Nelson and Moore; Patterson). Others
have drawn more skeptical conclusions, ar-
guing that growth management had no impact
or only insignificant impacts on growth (e.g.,
Bae; Jun; Richardson and Gordon). Empirical
analyses have also found contradictory results
about unintended consequences of UGBs
mainly with respect to the effects on housing
prices. Downs reported that market demand,
instead of the boundary, is the primary driver
of housing prices. Cho, Wu, and Boggess and
Phillips and Goodstein concluded differently,
arguing that UGBs have created upward pres-
sure on housing prices. Chan found that UGBs
had raised housing prices in the San Francisco
Bay area.

Although UGBs were mandated in Tennes-
see in 1998, to date there have been no sys-
tematic analyses to estimate their impacts. An
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analysis of the effects of Knoxville’s UGB
system on land development decisions pro-
vides the first study of the state-mandated pro-
gram. Because UGBs in Tennessee are a state-
mandated program in which all cities are
linked to a state-wide growth management
system, Knoxville’s experience may reflect
what has occurred throughout the state. The
objective of the study is to estimate the effects
of a UGB on land development decisions by
examining the relationship among time of the
adoption, location of UGB in Knoxville/Knox
County, and the probabilities of land devel-
opment. It is achieved with the use of a land
parcel data set that provides the relevant var-
iables and allows us to overlay census-block
groups. In estimating the relationships, a prob-
it model is used with correction for hetero-
scedastic errors caused by sizes and values of
parcels, which are the common causes of het-
eroscedasticity in the literature (Dubois;
Fletcher, Gallimore, and Mangan; Goodman
and Thibodeau). A homoscedastic probit mod-
el is also estimated for comparison.

Statistical Model

To explain the binary outcome (y;) for land
development we use the probit model, char-
acterized by

1
M oy = {0

where x; is a vector of explanatory variables
for observation i and  is a conformable pa-
rameter vector. The error term u; is assumed
to be normally distributed with zero mean and
standard deviation o, To accommodate varia-
tion in the error standard deviation o, the pa-
per uses a model of multiplicative heterosce-
dasticity, which is a very flexible model that
could reduce to many other useful formula-
tions (Greene, p. 232). We parameterize the
error standard deviation o, as a multiplicative
function of exogenous variables z; with cor-
responding parameter vector vy such that (see,
e.g., Harvey)

if xIp +u, >0
if xIf +u, =0,

2) o; = exp(z/y)
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Denote the univariate standard normal cumu-
lative distribution function as ®(.). Then, it
follows from Equations (1) and (2) that the
probability of land development is

() Pr(y; = 1) = Dx/Blexp(z/v)].

The sample likelihood function for an inde-
pendent sample can be constructed with the
probability (Equation 3) and its complement,
that is,

L= T[] {1 - ®[x/Blexp(ziv)1}
(4)

x [T ®x;Blexpziv)l.
yi=1

Maximum-likelihood estimation is carried out
by maximizing the likelihood function (Equa-
tion 4). To examine the effect of explanatory
variables on the probability of land develop-
ment, we calculate the marginal effects. This
is done by differentiating the probability
(Equation 3) with respect to a common vari-
able in x; and z, say w; = x; = z;:
xB \B; — (x/B)y;
exp(z/y)) exp(zly)

(3

aw

Pr(y, = 1) _ <

i

where ¢() is the probability density function
of the univariate standard normal. In the nu-
merator of the second fractional term on the
right-hand side of Equation (5), only the first
(second) term appears if w;, appears only in x;
(z).

The model presented above reduces to the
special case of the homoscedastic probit mod-
el when v = 0, in which case the standard
deviation is o; = 1 and the probability of land
development is @(x/B), with which the likeli-
hood function (Equation 4) can be simplified
accordingly. Because the heteroscedastic and
homoscedastic probit models are nested,
selection between the two models can be done
by regular means, e.g., likelihood-ratio (LR)
test.

Two dummy variables were created to cap-
ture the impacts of UGB before and after its
implementation within and outside of the
UGB area. A dummy variable indicating with-
in and outside a half-mile buffer area just out-
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side of the Knoxville city limits was created
to capture the spillover effect of economic de-
velopment within the city (see Figure 1). A
dummy variable indicating within and outside
a small city, Farragut, also within the county
was created to capture the effect of land de-
velopment on a nearby Knoxville city (see
Figure 1). Interaction terms between the dum-
my variable indicating pre-UGB and post-
UGB periods and the dummy variables indi-
cating the areas of UGB, Knoxville, Farragut,
and the half-mile buffer were created to cap-
ture the impacts of UGB in these areas.

Variable definitions are in Table 1. TUGB
is one for land plots developed after the im-
plementation of UGB in January 2001 (i.e.,
2001-2004) and zero otherwise. TUGB X
LUGRB represents an interaction term between
the dummy variable indicating post-UGB im-
plementation period and the dummy variable
indicating within the UGB area. TUGB X
KNOXVL represents an interaction term be-
tween the dummy variable indicating post-
UGB implementation period and the dummy
variable indicating within the Knoxville.
TUGB X FARRGT is to capture the spillover
effects of land development by the UGB in
neighboring Farragut. TUGB X BUFFER rep-
resents an interaction term between the dum-
my variable indicating post-UGB implemen-
tation period and the dummy variable
indicating within a half-mile buffer area out-
side of Knoxville.

Previous studies have found that natural
logarithms of the monetary value, distance,
and size variables fit models better than a sim-
ple linear form because the transformation
captures the declining effect of these variables
(Bin and Polasky; Iwata, Murao, and Wang;
Mahan, Polasky, and Adams). Consequently,
natural logarithms of monetary value, dis-
tance, and size-related variables are used in the
model.

Data

Our dataset contains information about hous-
ing parcels within Knox County from the
Knoxville-Knox County-Knoxville Ultilities
Board’s geographic information system
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Knox county

Urhan Growth Boundary
Town of Famagut

City of Knoxville
[ ] Half mile buffer

Figure 1. Urban Growth Boundary and a Half-Mile Buffer at Knox County

(KGIS) and 2000 long form data of census-
block groups. The county adopted the UGB
system in January 2001. Thus, the data include
parcels developed during an 8-year period

starting from 4 years before the UGB was ini-
tiated in January 2001 and parcels that were
not developed by the end of December 2004,
Parcels classified as single family, condo units,
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Table 1. Names and Definitions of Variables

Variable Description

Dependent variable
DEV Dumimy variable for developed parcel (1 if land use for the parcel is defined as sin-
gle family, condo units, planned development, and other residential, O otherwise)
Parcel variables
LOTSQFT Lot square footage

VALUE Appraised value of land parcel per square foot
Census block group variables
POPDNS Population density per square mile in 2000
TRAVEL Average travel time to work in 2000 (in minutes)
PCINC Per capita income in 2000
UNEMP Unemployment rate in 2000
VACANT Vacancy rate in 2000
Jurisdiction and high school district variables
KNOXVL Dummy variable for City of Knoxville (1 if Knoxville, O otherwise)
FARRGT Dummy variable for Town of Farragut (1 if Farragut, O otherwise)
BEARDEN Dummy variable for Bearden High School District (1 if Bearden, 0 otherwise)
CARTER Dummy variable for Carter High School District (1 if Carter, O otherwise)
CENTRL Dummy variable for Central High School District (1 if Central, 0 otherwise)
DOYLE Dummy variable for Doyle High School District (1 if Doyle, O otherwise)
FULTON Dummy variable for Fulton High School District (1 if Fulton, 0 otherwise)
GIBBS Dummy variable for Gibbs High School District (1 if Gibbs, 0 otherwise)
HALLS Dummy variable for Halls High School District (1 if Halls, O otherwise)
KARNS Dummy variable for Karns High School District (1 if Karns, 0 otherwise)
POWELL Dummy variable for Powell High School District (1 if Powell, O otherwise)
WEST Dummy variable for West High School District (1 if West, 0 otherwise)
Distance variables
DOWNTN Distance in feet to downtown Knoxville
WATER Distance in feet to nearest water body
GOLF Distance in feet to nearest golf course
GREEN Distance in feet to nearest greenway
RAIL Distance in feet to nearest railroad
INTERST Distance in feet to nearest interstate highway
GSMNP Distance in feet to Great Smoky Mountains National Park
Urban growth boundary variables
TUGB Dummy variable for timing of Urban Growth Boundary (1 if sold after UGB, 0 oth-
erwise)
LUGB Dummy variable for house within Urban Growth Boundary (1 if UGB, O otherwise)
BUFFER Dummy variable for house within a half mile buffer outside of city of Knoxville (1 if

buffer, O otherwise)

planned residential development, and other group level were merged with the parcel data.'
residential use that were built during the The long form data were created in GIS form
19972004 period are treated as developed.

Parcels classified as unused and in agricultur- ! The use of the 2000 census data implicitly assumes

ally related use were considered undeveloped. iy the socioeconomic characteristics of census-block
The 2000 long form data at census-block groups over the 1997-2004 time period are constant.
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by a private data provider, GeoLytics. Dis-
tance measurements using GIS were added to
the data.

Parcel data include assessed land value and
size of the parcel. All the assessed values were
the values determined by the Knox County tax
assessors’ office at the end of 2004. There
were 234 census-block groups in Knox Coun-
ty. The 2000 census-block group data provid-
ed population density, average travel time to
work, unemployment rate, per capita income,
and home vacancy rate measures. Distance
calculations were made using the shape files
of various location variables from Data and
Maps 2004, ArcGIS 9, and geographic data
from the Environmental System Research In-
stitute, Redlands, CA. KGIS also provided
shape files of high school districts, Knoxville,
Farragut, and the UGB area. Spatial joining of
these shape files and shape files of the parcel
data was processed using ArcMap. The high
school, jurisdiction, and UGB dummy vari-
ables were created using ArcMap as well.

After cleaning up the parcel data (deleting
missing observations, unreasonably low ap-
praised value of land parcels below $1,000,
and unreasonably small parcel sizes below 100
square feet), there were 31,916 housing ob-
servations used for the estimation. Summary
statistics are presented in Table 2. Among
31,916 parcels, 34% or 10,817 were devel-
oped. The average appraised value for the land
parcels was $1.2 per square foot with a max-
imum of $220 per square foot. For the entire
sample, the typical parcel was 55,477 square
feet. For developed parcels it was 29,088
square feet, and for undeveloped parcels it was
68,996 square feet. The average vacancy rate
was 7%, average travel time to work was 23
minutes, typical per capita income was
$26,639, and mean unemployment rate was
4.5%.

Results

The heteroscedastic probit model was estimat-
ed by maximum likelihood, using lot square
footage and appraised value of land parcel per
square foot to accommodate the error hetero-
scedasticity. Results are presented in Table 3,
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and results for the homoscedastic probit model
are in the appendix. Based on results (likeli-
hood values) of the heteroscedastic and ho-
moscedastic models, a likelihood-ratio test
suggests rejection of the homoscedastic probit
model at the 1% significance level. Pseudo R2s
(Wooldridge, p. 465) indicate that the hetero-
scedastic model is slightly better than the ho-
moscedastic model in terms of goodness of fit
and explanatory power. Percentages of correct
predictions (Wooldridge, p. 465) also show
that the heteroscedastic model is preferred.
Unless stated otherwise, the discussions in this
section are based on the heteroscedastic probit
model.

Marginal effects of continuous variables
were evaluated at the sample means, whereas
marginal effects of dummy variables were
evaluated for discrete changes in dummy var-
iables from O to 1. The positive and statisti-
cally significant coefficient of TUGB suggests
that land parcels had a 4.7% greater probabil-
ity of development after the implementation of
UGB than before. The positive and significant
coefficient of the LUGB suggests that land
parcels within the boundary of UGB were
2.9% more likely to be developed than the
land parcels in Knox County excluding Knox-
ville and the UGB area.

However, we cannot conclude based on
these two variables that the increase in the
likelihood of the development was due to the
implementation of UGB. UGB’s positive lo-
cational effect (being right outside city bound-
ary) was captured by the positive and signifi-
cant coefficient of BUFFER. The negative and
significant coefficients of TUGB X LUGB and
TUGB X FARRGT indicate that a land parcel
was 6.6% and 12.8% less likely to be devel-
oped within the boundaries of UGB and Far-
ragut during the 4 years after UGB implemen-
tation. The opposite sign of the coefficient of
TUGB X LUGB from the signs of the coeffi-
cients of TUGB and LUGB suggests the effect
of TUGB X LUGB was affected by time and
location. On the other hand, the positive and
significant coefficient of TUGB X KNOXVL
indicates that a typical land parcel was 27.1%
more likely to be developed within the bound-
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Table 2. Summary Statistics of the Variables
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Variable Mean Std. Dev. Min. Max.
Dependent variable
DEV 0.339 0.473 0.000 1.000
Parcel variables
LOTSQFT (1,000) 55.477 15.063 0.100 7,839.413
VALUE 1.210 1.937 0.003 220.000
Census-block group variables
POPrDNS (1,000) 1.22 1.103 0.969 21.133
TRAVEL 22.611 3.944 10.000 34.000
PCINC (1,000) 23.639 10.980 4.437 81.373
UNEMP 0.045 0.043 0.000 0.520
VACANT 0.072 0.037 0.000 0.280
Jurisdiction and high school district variables
KNOXVL 0.309 0.462 0.000 1.000
FARRGT 0.047 0.213 0.000 1.000
BEARDEN 0.099 0.299 0.000 1.000
CARTER 0.074 0.262 0.000 1.000
CENTRL 0.080 0.272 0.000 1.000
DOYLE 0.110 0.312 0.000 1.000
FULTON 0.056 0.229 0.000 1.000
GIBBS 0.082 0.274 0.000 1.000
HALLS 0.071 0.257 0.000 1.000
KARNS 0.105 0.306 0.000 1.000
POWELL 0.064 0.246 0.000 1.000
WEST 0.089 0.286 0.000 1.000
Distance variables
DOWNTN (1,000) 43.866 22.842 0.773 104.820
WATER (1,000) 9.361 6.832 0.003 38.949
GOLF (1,000) 12.425 6.009 0.302 42.617
GREEN (1,000) 9.194 6.919 0.006 42.617
RAIL (1,000) 7.595 6.755 0.001 43.478
INTERST (1,000) 11.041 9.940 0.002 58.105
GSMNP (1,000) 120.655 22.308 61.084 187.213
Urban growth boundary variables
TUGB 0.129 0.335 0.000 1.000
LUGB 0.100 0.300 0.000 1.000
BUFFER 0.224 0.417 0.000 1.000

ary of Knoxville during the 4 years after UGB
implementation. The three interaction coeffi-
cients imply that UGB significantly decreased
land development within the UGB boundary
and neighboring Farragut while it significantly
increased land development within Knoxville.
The increased land development within Knox-
ville leads to the inference that the UGB was
successful for urban revitalization within the

city boundary. On the other hand, the de-
creased land development within the UGB and
neighboring Farragut suggests that the UGB
was also successful in discouraging urban
sprawl outside of the city boundary.

The marginal effects of the variables used
in the heteroscedasticity equation (Equation 2)
(i.e., lot size and appraised value of land) are
both positive and statistically significant at the
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Table 3. Maximum-Likelihood Estimation of Heteroscedastic Probit Model

Coefficient Marginal Effect
Variable Estimate S.E. Estimate S.E.
INTERCEPT —87.112%%* 24,588
Parcel variables
In LOTSQFTY —1.117%%* 0.274 0.0005%** 0.004
In VALUEY 9.392 %+ 1.247 .21 0.006
Census-block group variables
POPDNS (1,000) 0.865%%* 0.210 0.020%* 0.000
TRAVEL 0.081 0.051 0.0027%* 0.001
In PCINCY —10.350%%** 1.525 —0.010%** 0.015
UNEMP —22.465%%* 5.043 —(.508%** 0.095
VACANT —13.098%** 4.774 ~(0.296%** 0.104
Jurisdiction and high school district variables
KNOXVLYE —-0.691 0.659
FARRGTE —4,128%%* 1.073 —0.087%%%* 0.018
BEARDENY 0.462 0.676
CARTER —7.462%** 1.356 —0.147%** 0.013
CENTRLY —2.763 % 0.840 —0.060%** 0.015
DOYLET —0.587 0.903
FULTON% 1.041 0.751
GIBBSt =4 354%%% 1.071 —0.092%%* 0.017
HALLSY: —5.151%%* 1.148 —0.1Q7%%* 0.017
KARNSY: —1.920%* 0.760 —0.042%%% 0.015
POWELLY —1.380 0.899
WESTY 0.277 0.726
Distance variables
In DOWNTN} 8.184 % 1.138 0.004 #k 0.013
In WATERY 1.902 %% 0.324 0.005 %% 0.004
In GOLF+t 2.004 % 0.410 0.004 %% 0.007
In GREENT 0.591%** 0.205 0.00 1 %% 0.004
In RAILY 0.602%+*= 0.166 0.002%#* 0.003
In INTERSTY 1,348 0.237 0.003#** 0.004
In GSMNP+ 4,569 1.909 0.001%** 0.042
Urban growth boundary variables
TUGBY¥: 2.009% % 0.602 0.04 7% 0.013
LUGB% 1.255%* 0.604 0.029%* 0.014
BUFFERY 4.150%%* 0.717 0.097 %% 0.012
TUGB X LUGB# ~-3.088** 1.315 —0.066%%* 0.025
TUGB X KNOXVLY: 10.825%** 1.636 0.271#** 0.023
TUGB X FARRGT% —6.458%%* 1.864 —0.128%%%* 0.027
TUGB X BUFFERY 1.024 1.004
Error terms
In LOTSQFT 0.285%#* 0.014
In VALUE 0.279%x* 0.016
Pseudo R? 0.2513

% of correct predictions 77.3

Notes: Log-likelihood is —15,306.42. Standard errors were calculated from the heteroscedasticity-consistent covariance matrix.
T Marginal effect of the natural log variables, which were divided by mean values of the respective variables.

1 Marginal effect of discrete changes in dummy variables. Only significant marginal effects are shown in the table.

* Statistically significant at the 10% level.

** Statistically significant at the 5% level.

*k% Statistically significant at the 1% level.
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1% level.? An increase of 1,000 square feet of
lot size increases the estimated probability of
development by 0.5%. An increase in ap-
praised value of $1 per square feet increases
the estimated probability of development by
21.7%.

The marginal effects of census-block group
variables are all statistically significant at the
5% level. Evaluated at the average population
density, an increase of 1,000 people per square
mile increased the estimated probability of de-
velopment by 2%. An increase of travel time
to work by 10 minutes increased the estimated
probability of development by 2%. TRAVEL
was expected to represent ease of access to
work, but the positive coefficient may reflect
the congestion and noise associated with cen-
ter of business district (CBD) where people
travel to work. It also suggests that develop-
ments in recent years had patterns of sprawl,
that is, areas away from CBD were more like-
ly to be developed. An increase in average per
capita income in the area by $1,000 decreased
the estimated probability of development by
1%. This negative effect of income on prob-
ability of development may be explained by
the fact that people with higher incomes may
have preferred to have more open space (e.g.,
Howell-Moroney). Thus, the probability of
land development should be lower for an area
with a greater number of people with higher
incomes (stronger preference for open space).
A 1% increase in the vacancy rate decreased
the estimated probability of development by
roughly 0.3%. The higher vacancy rate rep-
resents lower housing demand, which was
translated into lower housing supply that low-
ered the probability of land development.

Six out of 12 marginal effects of jurisdic-
tion and high school district variables are sta-
tistically significant at the level of 1%. The
probability of development decreased by 9%

2 Interestingly, the probit estimates without adjust-
ing for heteroscedastic errors (see Appendix) show that
the marginal effect of lot size is negative and statisti-
cally significant at the 5% level. Knowing that the error
terms of lot size and assessed value are both signifi-
cant, the negative marginal effect of lot size probably
is misleading and likely caused by misspecification of
the homoscedastic errors.
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if the parcels were in Farragut versus outside.
Although the majority of recent rapid growth
of the county occurred in portions of west
Knox County where Farragut is located (see
Figure 1), there was a greater number of par-
cels not developed in Farragut compared with
other areas. The probability of land develop-
ment was lower if the parcel was in the Carter,
Central, Gibbs, Halls, and Karns high school
districts. These significant and negative coef-
ficients of high school district dummy vari-
ables are interesting and need further study.
All the distance variables are positive and
statistically significant, at least at the level of
5%. The positive coefficient for distance to
downtown, and thus the negative effect of a
parcel in the central city, may be explained by
the fact that downtown Knoxville was mostly
developed and fewer parcels remained unde-
veloped within and closely around the down-
town area. An increase in distance from any
water bodies by 1,000 feet (or 0.19 miles) in-
creased the probability of development by
0.5%. The negative effect of being closer to
water bodies may be explained by the fact that
some regions closer to water bodies are flood-
plain areas where flood hazards were high and
less likely to be developed. Distances of 1,000
feet (or 0.19 miles) from any golf course,
greenway, railroad, interstate highway, and
Great Smoky Mountains National Park
(GSMNP) increased the probability of devel-
opment by 0.4%, 0.1%, 0.2%, 0.3%, and
0.1%, respectively. Positive coefficients for
golf course, greenway, and GSMNP are rather
counterintuitive and need further study. Rail-
road and interstate highway coefficients reflect
the noise and disamenities associated with be-
ing closer to railroad and interstate highway.

Conclusions

The effects of the UGB on land development
decisions in Knoxville and Knox County were
estimated. Results suggest that the UGB has
impacted land development in different direc-
tions in different areas. Land parcels were less
likely to be developed within the UGB area
after UGB implementation. One of the reasons
for the decreasing land development within
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UGB area may be related to the fact that the
city government had the right to annex land
parcels within the UGB boundary without the
consent with land owners. This feature of
UGB apparently was a negative factor for land
development within UGB because annexation
by the city meant paying a city property tax.

On the other hand, land parcels were found
to be more likely to be developed within the
boundary of Knoxville after UGB implemen-
tation. The following is an explanation for the
positive impact of UGB on land development
within city boundary. Although land owner-
ships within city boundary require paying ex-
tra city property tax, the positive amenities,
such as more services provided by the city,
may have compensated for the extra cost of
living in the city. There may have been a low-
er.uncertainty factor due to living within city
boundary versus living within the UGB.
Households within the UGB and outside
Knoxville had uncertainty about whether they
would be annexed and have to pay extra prop-
erty tax, but within the city boundary they
were certain to pay extra tax. It may be that
households disliked the uncertainty factor and
chose rather to pay extra property tax and en-
joy positive amenities along with it.

Land parcels were less likely to be devel-
oped in Farragut during the four years after
UGB implementation. This spillover effect of
UGB may be related to the fact that land de-
velopment within Knoxville during the same
period of time increased. Considering the fact
that the county area is fixed, development in
one local area may indicate decreased devel-
opment in another local area.

Combining increased land development
within city boundary and decreased develop-
ment within UGB area and neighboring Far-
ragut, the UGB of Knox County seems to be
successful in urban revitalization within the
city boundary and discouraging the wurban
sprawl. This result may be surprising given the
UGB has been adopted in Knox County for a
relatively short time period and UGBs are usu-
ally considered long-term growth management
tools, often established for 15- or 20-year pe-
riods (Staley, Jefferson, and Mildner). It is
also generally believed by local experts that
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the line drawn for the UGB may not be closely
tied to the development of the area because
the UGB boundary in Knoxville was drawn in
response to not only concerns over sprawl, but
also to the fallout from local annexation bat-
tles. The interests in local annexation battles
may not be relevant to the purpose of the UGB
as a growth management tool. Despite this lo-
cal belief and the relatively short period of
UGB, the uncertainty of paying an extra city
property tax might be a substantial deterrent
to housing development.
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Appendix. Maximum-Likelihood Estimation of Homoscedastic Probit Model

Coefficient Marginal Effect
Variable Estimate S.E. Estimate S.E.
INTERCEPT —0.424 %% 1.429
Parcel variables
In LOTSQFTY —0.024%%* 0.011 —0.0001** 0.004
In VALUET 0.625%:#* 0.013 0.174%%* 0.004
Census-block group variables
POPDNS (1,000) 0.076%** 0.013 0.026+** 0.000
TRAVEL —0.001 0.003
In PCINCT —0.599%##* 0.040 —0.202%** 0.013
UNEMP 1,884 %% 0.310 —0.635%** 0.104
VACANT —1.546%%* 0.310 —0.52 1 #x* 0.104
Jurisdiction and high school district variables
KNOXVLY —0.078%* 0.042 —0.026* 0.014
FARRGTY —0.311%** 0.053 —0.095%** 0.015
BEARDENE 0.001 0.040
CARTER% —0.315%** 0.052 —0.097#** 0.014
CENTRL -0.075 0.050
DOYLEYL 0.119%* 0.057 0.041#* 0.020
FULTON: 0.138%:* 0.057 0.048** 0.020
GIBBSt —0.161%*%* 0.057 —0.052%#** 0.018
HALLSY —(.27 1 x*% 0.060 —0.085%** 0.017
KARNSY —0.084* 0.045 —0.028* 0.015
POWELLY -0.018 0.057
WESTY 0,157 %% 0.047 0.053*** 0.017
Distance variables
In DOWNTNT 0.641%** 0.037 0.005%** 0.012
In WATERY 0.100%%:* 0.011 0.004*** 0.004
In GOLFY 0.141%%* 0.019 0.004 % ** 0.006
In GREENY 0.043%%* 0.012 0.002%** 0.004
In RAILY 0.037%%* 0.009 0.002%** 0.003
In INTERSTY 0. 11 1%%% 0.010 0.003#** 0.004
In GSMNP 0.410%%* 0.115 0.001#** 0.039
Urban growth boundary variables
TUGB: 0.095% %% 0.032 0.033 %% 0.011
LUGB%: 0.077%* 0.036 0.026** 0.013
BUFFER% 0.306%+*%* 0.030 0.108*** 0.013
TUGB X LUGB¥ —0.229%%%* 0.077 —0.072%** 0.022
TUGB X KNOXVL 0.807**%* 0.063 0.308*** 0.024
TUGB X FARRGTY: —0.319%** 0.085 —0.097%** 0.023
TUGB X BUFFER% 0.079 0.060
Pseudo R? 0.2392
% of correct predictions 76.9

Note: Log-likelihood is —15,552.16.

+ Marginal effect of the natural log variables, which were divided by mean values of the respective variables.

1 Marginal effect of discrete changes in dummy variables. Only significant marginal effects are shown in the table.
* Statistically significant at the 10% level.

*# Statistically significant at the 5% level.

#*% Statistically significant at the 1% level.



