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Abstract

Rapid urbanization enhances the desirability of policies for preserving open space but
those policies may expand the urban boundary and create leapfrog development. We
investigate this potential conflict between open space preservation and urban sprawl
conceptually and empirically using data from the Baltimore-Washington suburbs. The
estimated econometric model indicates that both zoning and forest planting requirements
contribute to sprawl by increasing the amount of land needed to accommodate the current
number of households. The impacts of these regulations on sprawl are modest, however,
increasing urbanized area by less than one percent in response to a one percent increase
in any of these three forms of regulation. Thus, while there does seem to be some
conflict between open space preservation and prevention of urban sprawl, that conflict
does not appear to be acute.
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Open Space and Urban Sprawl: The Case of the Maryland Forest Conservation Act
Introduction

Preserving open space is an important component of land use policy in rapidly urbanizing
areas. Both current and incoming residents place a significant value on nearby open
space, as evidenced by the fact that the presence of nearby open space—especially open
space that has been permanently preserved in some form—increases residential property
values (Cheshire and Sheppard 1995, Geoghegan et al. 1997, Tyrvainen and Mettinen
2000, Geoghegan 2002, Thorsnes 2002, Irwin 2002, Geoghegan et al. 2003, Wu et al.
2004, Hardie et al. 2007). Preservation of open space is a common justification for land
use regulations like zoning. It also motivates programs such as easement purchases or
transferable development rights whose explicit purpose is permanent preservation of open
space (Bockstael and Irwin 2000).

But open space preservation can exacerbate problems of urban sprawl both by extending
the urban boundary out farther into rural areas and by promoting leapfrog development.
Zoning and other forms of land use regulation can induce developers to reduce the
number of housing lots within subdivisions, in which case more extensive land
development is needed to accommodate any given increase in population. Theoretical
analyses show that, by reducing density, minimum lot size zoning pushes the equilibrium
urban boundary outward (Moss 1977, Pasha 1996). An econometric study of Calvert
County, Maryland confirms the finding that zoning reduces density (McConnell, Walls,
and Kopits 2006). Other econometric evidence from Maryland shows that proximity to
permanently preserved open space increases the likelihood that a parcel of land will be
developed, suggesting that open space preservation can foster non-contiguous, “leapfrog”
development (Irwin and Bockstael 2004) Simulation studies based on data from
Portland, Oregon similarly show that open space preservation can create leapfrog
development (Wu and Plantinga 2003).

This paper investigates how minimum lot size zoning and forest planting requirements
under the Maryland Forest Conservation Act affect the design of suburban residential
subdivisions; in particular, the average size of lots, the number of lots, and the amount of
land used for roads and other infrastructure. We present a conceptual model of how these
two regulations influence the way that a developer chooses to subdivide land into
building lots, forested and non-forested open space, and infrastructure. We use that
conceptual model to specify an econometric model using data from subdivisions
developed in the Baltimore-Washington suburbs during the mid-1990s. We then use the
econometric results to draw inferences about the impacts of these regulations on the
amount of land needed to accommodate population growth in the Baltimore-Washington
corridor and hence on urban sprawl.

The Maryland Forest Conservation Act

From the 1960s on, Maryland lost a great deal of forested land due to the rapid pace of
urban expansion. In response, the state enacted the Forest Conservation Act (FCA).
Sensitive areas such as flood plains, stream banks, steep slopes, and critical wildlife



habitat were of special concern to legislators because even when developers choose to
retain trees, they may choose to eliminate stream buffers, for example, rather than to let a
riparian forest regenerate; clear land of mature trees while building and replant young
trees afterwards; or otherwise provide forest in ways that provide less than desired levels
of amenities.

The FCA applies to any project involving grading on 40,000 or more square feet (slightly
less than an acre). Under the FCA, developers must have an approved forest
conservation plan as part of the overall development permit approval process. That forest
conservation plan must specify the total amount and location of forested area retained,
protective measures for stand edges and specimen trees, and measures that will protect
retained forested areas permanently (e.g., covenants or easements incorporated into land
deeds). The FCA also specifies minimum amounts of forested area to be provided, set
according to the area and land use category of the site, existing forest cover, and
proposed cleared area. County planning agencies administer the FCA as part of the
overall development permit approval process but have little, if any flexibility in how the
requirements of the Act are met: Levels of reforestation or afforestation and exemption
from the Act are determined by pre-established formulas specified in the Act (Galvin,
Wilson, and Honeczy 2000, Hardie, Lichtenberg and Nickerson 2007, Lichtenberg, Tra,
and Hardie in press).

A Model of Land Allocation within a Residential Subdivision

Our conceptual framework extends Hardie, Lichtenberg, and Nickerson’s (2007) model
of the choices made by a subdivision developer. A land developer subdivides a parcel of
fixed size L into n identical lots of size s; forested and non-forested open space, z and a,
respectively; and land devoted to roads, sidewalks, and other forms of infrastructure.
Forested open space provides amenities f{z, ¢s,z°), where ¢ denotes the share of forested
area incorporated into building lots and z° denotes forested open space nearby but outside
of the subdivision. Non-forested open space provide amenities 4(a,a’), where a” denotes
non-forested open space nearby but outside of the subdivision. Identical buyers have a
willingness to pay per unit of developed land (bid rent):

y—T—x(s,f(z,@,z”),h(a,a”),g,u,i)
S

(D R, f(z.45,2°),h(a,a”), y, T, g,u,i) =

Here y denotes household income, 7 commuting cost, x a composite of all other
purchased commodities, g other public good amenities (e.g., school quality), u the
equilibrium level of utility in the metropolitan area, and i the amount of land devoted to
roads, sidewalks, and other infrastructure.

The land developer’s goal is to maximize the rent generated by the subdivision:
2 V'=R()ns —c(z) = k(a) —m(i) - Q(L),

where c(z) is the increasing and convex cost of afforestation; k(a) is the increasing and
convex cost of developing other open space; m(i) is the increasing and convex cost of



infrastructure development; and Q(L) is the acquisition cost of the parcel, that is, the price
of raw land prior to subdivision.

Development is subject to several constraints. First, development is constrained by the
total area of the subdivision:

3) ns+z+a+i=1L.

Second, zoning imposes a restriction on minimum lot size:
4) s>o.

Third, the FCA requires that the developer provide a minimum amount of forested area,
which can consist of forested open space z or forested area incorporated into building lots

gns:
(5) zZ4+¢ns >4 .

Because developers in the Maryland suburbs typically purchase entire parcels for
subdivision, we assume that the constraint on total land availability (3) is always binding.
If both regulatory constraints are binding as well, the developer’s problem can be
concentrated into the choice of forested space, non-forested open space and infrastructure
(z,a,i). The necessary conditions characterizing these choices are:

(6) R (pogeqopy-doLzezazD _p iy
of oz op (L—z—a—i)

(7) RO —zmqoiy+ BRI 0622 g picy.
oh Oa of 0p(L—z—a—i)

) Ripzeaipt BRI _0le=2) _p oo
Oi of 0p (L—z—a—1i)

When land is allocated to all three, the choice of forested open space equates the

increased value of building lots due to forested open space Z—?ZL (L —z—a—1i) with the
z
opportunity cost of land R plus the marginal cost of developing forested open space ¢’
adjusted for any change in the value of building lots due to substitution of forested open
space for permanent forested land portions of building lots R oll=¢g-ai) . The
of 0¢p (L—z—a—i)

choice of non-forested open space similarly equates the increased value of building lots

' In some cases zoning may limit maximum density rather than minimum lot size, in which case the
relevant zoning restriction can be written as n <v, where v denotes the maximum number of building lots
allowed on the parcel.



due to non-forested open space Z—ig—h(L — z —a —1i) with the marginal cost of
a

developing that open space k' plus the opportunity cost of land R adjusted for any
change in the value of building lots due to the substitution of non-forested open space for
OR of o({—2)
of 0p (L—z—a—i)
infrastructure area also equates the increased value of building lots due to nfrastructure

R (L — z— a —i) with the marginal cost of developing that infrastructure m' plus the

Oi
opportunity cost of land diverted R adjusted for any change in the value of building lots
due to the substitution of infrastructure land for permanent forested portions of building
(R _o(¢-2)
of 0p(L—z—a—i)

permanent forested portions of building lots . The choice of

lot

Hardie, Lichtenberg and Nickerson (2007) used this basic framework to study the effects
of minimum lot size zoning and FCA forest planting requirements on developed land
values. Using data from a random sample of suburban single-family residential
subdivisions in the Washington-Baltimore corridor, they found that the average value of
land in these subdivisions was decreasing in zoned minimum lot size and increasing in
the FCA forestation requirement, as predicted by analysis of the theoretical model when
forested portions of building lots and infrastructure requirements are ignored (¢ =y = 0).
A subsequent study by Lichtenberg, Tra, and Hardie (in press) using these same data
found that minimum lot size zoning decreased total open space and that a one-acre
increase in the FCA forest planting requirement increased total open space by an amount
less than one, confirming a prediction (derived from the theoretical model under an
assumption of Cobb-Douglas utility) that FCA forest planting requirements crowd out
other forms of open space. Both the average value of land and total open space within a
subdivision were unaffected by the amounts of open space nearby but outside that
subdivision, indicating that the benefits of open space are largely internalized within
subdivisions. A third study using these same data by Lichtenberg and Hardie (2007)
found that minimum lot size zoning increased the average size of building lots and
reduced the number of building lots in each subdivision, especially in subdivisions with
public sewer access, confirming earlier findings of that zoning reduces density (Moss
1977, Pasha 1996, McConnell, Walls, and Kopits 2006). In contrast, FCA planting
requirements increased the average size of building lots but left the number of lots
unchanged.

Data

We investigate the effects of these regulations on average lot size, number of lots and
infrastructure area empirically using these same data, which are described in detail in
Hardie, Lichtenberg, and Nickerson (2007) and Lichtenberg, Tra, and Hardie (in press).
The data set comprises a random sample totaling half of the single-family residential
subdivisions approved for development between 1991 and 1997 in five Maryland
counties (Charles, Carroll, Howard, Montgomery, and Prince Georges) in the Baltimore-



Washington corridor. Two of these counties (Montgomery and Prince Georges Counties)
have densely populated urban areas adjacent to Washington, DC. Two others (Charles
County southeast of Washington and Carroll County west of Baltimore) are less densely
populated, with subdivisions either dispersed throughout the countryside or clustered
around county town centers. The fifth, Howard County, is located between Washington
and Baltimore; residents commute to both.

The subdivisions included in the study have five or more lots for single-family dwellings.
Some of these subdivisions consist entirely of detached homes, others entirely of
townhouses, and still others of combinations of the two. None of them have commercial
or industrial sites or lots developed for apartment buildings. We omitted small
subdivisions with less than five lots to avoid cases where land is subdivided primarily to
provide residences for family members.

The data include information on the size of each developed lot in the subdivision; forest
planting requirements under Maryland’s Forest Conservation Act; minimum lot size and
maximum density zoning requirements; the availability of public water and sewer
services; total subdivision size; geographical attributes of the subdivision such as areas of
floodplain and wetlands and linear stream frontage; commuting distances from
Washington and Baltimore; the amounts of land surrounding the subdivision in farms,
residential use, parks and recreational facilities, and undeveloped forest and brush.

County planning agency files were the source of information on geographic features of
each subdivision (e.g., areas of floodplain and wetlands and linear stream frontage),
subdivision size, the physical utilization of space within the subdivision (including the
number and sizes of building lots and total area designated as open space), forest
conservation plans (including FCA forest planting requirements), and the availability of
public sewer service. The amount of land in roads, sidewalks, and other forms of
infrastructure in each subdivision was calculated as a residual by subtracting land in
building lots, open space, wetland and floodplain from the total area of the subdivision.

Maryland Property View GIS databases were the sources of information used to calculate
commuting (road) distance from each subdivision to the nearest central business district
(Washington, DC or Baltimore) and the surrounding area within a given distance of the
centroid of each subdivision in farmland, parks and recreational facilities, and
undeveloped forest and brush. The latter were calculated under the assumption that the
subdivision occupied a circle with an area equal that of the subdivision around its
centroid. The Property View data were then used to calculate the amounts of land in
farms, parks/recreation areas, and forest/brush in a ring of a half mile radius surrounding
the circle representing the subdivision.

County zoning documents were used to determine minimum lot sizes and maximum
allowable densities corresponding to zoning codes obtained from the Property View data.
In cases where zoning codes did not specify maximum allowable density (about 12% of
the sample), density restrictions were calculated as the reciprocal of minimum lot size.
Zoned maximum allowable density was then multiplied by the net (buildable) area of the
subdivision (total subdivision area less the area in floodplain and wetlands) to obtain the



maximum allowable number of lots in each subdivision. Subdivisions regulated under
transferable development rights (Montgomery County) or planned use development
zoning (Prince Georges and Charles Counties) were excluded from the analysis, resulting
in a usable sample of 228 subdivisions. Descriptive statistics are shown in Table 1.

Specification and Estimation of the Econometric Model

Our econometric model has three dependent variables for each subdivision: the average
size of building lots; the number of building lots; and land in roads, sidewalks, and other
forms of infrastructure. Following the conceptual framework, we assume that all three
are functions of zoning and regulation under the FCA. Also included in each regression
equation were control variables such as the size of the subdivision, geographic features of
the subdivision that may limit the way space can be used, land uses outside but nearby
the subdivision, and the location of the subdivision.

All three dependent variables were treated as functions of FCA forest planting
requirements. A dummy variable indicating subdivisions exempt from the FCA was also
included in all three equations. Because minimum lot size and the maximum allowable
number of lots were so closely related in many cases (the maximum allowable number of
lots was calculated using the reciprocal of minimum lot size for about 12% of the
sample), we tested statistically whether minimum lot size and/or the maximum allowable
number of lots was the pertinent form of zoning regulation. As one would expect,
minimum lot size was a statistically significant determinant of average lot size while the
maximum allowable number of lots was not, so the maximum allowable number of lots
was excluded from the average lot size equation. Similarly, the maximum allowable
number of lots was a statistically significant determinant of the actual number of lots
while the minimum lot size was not, so minimum lot size was excluded from the number
of lots equation. Both forms of zoning regulation were used in the infrastructure land
equation because preliminary regressions indicated that both might have statistically
significant effects.

Control variables such as floodplain and wetlands acreage and linear stream frontage
were included in all three regression equations to measure geographical features that
might limit the ways developers are able to use land within the subdivision. Measures of
open space in the vicinity of the subdivision were also included as control variables.
Some previous hedonic studies have found housing prices to be increasing in various
forms of nearby open space, raising the possibility that developers might choose to
substitute permanently preserved open space in close proximity to the subdivision in
place of open space within a subdivision. All three regression equations also included
distance from the subdivision to the nearest urban center (Washington or Baltimore and
dummies for the county in which the subdivision was located, the latter to control for
unobserved attributes of these very different jurisdictions.

The availability of public sewer service may influence the effects of zoning and FCA
forest planting requirements because the amount of land required for septic systems to
meet health regulations may supersede minimum lot size zoning (and, in doing so,
change the opportunity cost of land which affects the attractiveness of open space and



infrastructure). Likelihood ratio tests indicated statistically significant differences
between subdivisions with and without public sewer, so we estimated separate models for
each.

A number of studies have shown that zoning designations may be altered over time in
response to economic pressures (Wallace 1988, McMillan and McDonald 1991, Munneke
2005). Features of the zoning regulations in the counties we consider give further
grounds for this potential endogeneity. Howard County zoning regulations include an
explicit formula trading off lot size for open space; other counties set different open space
requirements for townhouses and for detached homes. Hausman tests indicated no
correlation between unobserved factors influencing zoned minimum lot size and average
lot size or zoned maximum allowable density and the number of lots so we estimated the
econometric model treating zoning as exogenous in these two equations. A Hausman test
did indicate correlation between minimum lot size and land in infrastructure in
subdivisions with public sewer access but not in subdivisions without public sewer
access. We thus treated minimum lot size zoning in the infrastructure area as endogenous
in subdivisions with access to public sewer service and exogenous in subdivisions
without public sewer access.

We estimated the models for subdivisions with and without public sewer access as
systems of three equations taking into account correlation between unobserved factors
affecting average lot size, the number of lots, and infrastructure area in the same
subdivision. The model for subdivisions with public sewer access was estimated using
three stage least squares;.the variables used as instruments for zoned minimum lot size in
the infrastructure equation in this model were the total subdivision area; the county in
which the subdivision was located; and the road distances between the subdivision and
Baltimore, Washington, the Chesapeake Bay Bridge, the nearest town center, the nearest
large shopping mall, the nearest military installation, and the nearest sports stadium. The
model for subdivisions without public sewer access was estimated using a seemingly
unrelated regressions model.

Estimation Results

The econometric models for both classes of subdivisions fit the data quite well. The
estimated coefficients confirm that both zoning and FCA forest planting requirements
influence average lot size in these subdivisions.

Impacts of Minimum Lot Size Zoning

The coefficients of zoned minimum lot size are statistically significantly greater than zero
in the average lot size equation in subdivisions with and without public sewer access.
Interestingly, they are not significantly different from one in either kind of subdivision
(the respective t-ratios for subdivisions with and without public sewer access are 1.76 and
-1.49) implying that a one-acre increase in zoned minimum lot size is associated with a
one-acre increase in average lot size. This result suggests that in the absence of minimum
lot size zoning developers would subdivide land into smaller lots. The actual coefficient
of zoned minimum lot size is greater than one in subdivisions with access to public sewer
service, suggesting that zoning is highly restrictive in these closer-in areas. It is less than



one in subdivisions without access to public sewer service, possibly because septic
system requirements are binding determinants of the sizes of some lots in these more
remote areas.

The coefficient of minimum lot size is negative but not significantly different from zero
in the infrastructure area equation in both types of subdivisions, making it likely that
minimum lot size zoning has no effect on the amount of land allocated to roads,
sidewalks, and other forms of infrastructure.

Impacts of Density (Maximum Allowable Number of Lots) Zoning

The coefficient of the maximum allowable number of lots in the number of lots equation
is significantly greater than zero in subdivisions with access to public sewer service. It is
significantly less than one, suggesting that developers’ choices are limited by other
restrictions such as minimum lot size zoning, forest planting requirements, and/or
limitations imposed by the presence of floodplains, streams, or other geographical
features. The coefficient of the maximum allowable number of lots is positive but not
significantly different from zero and quite small in magnitude in subdivisions without
public sewer access.

The coefficient of the maximum allowable number of lots is positive in both
infrastructure area equations but significantly different from zero only in subdivisions
without public sewer access. The coefficient of the maximum allowable number of lots
for subdivisions without public sewer access indicates that each building lot uses close to
a half-acre of land in infrastructure. In subdivisions with public sewer access the
coefficient of the maximum allowable number of lots is close to zero in magnitude as
well as statistically insignificant.

Impacts of FCA Forest Planting Requirements

The coefficient of the FCA forest planting requirement is significantly different from zero
in all three equations in subdivisions with access to public sewer service but significantly
different from zero in subdivisions without public sewer access only in the equation for
infrastructure area. It is positive in both average lot size equations, suggesting that
developers respond to FCA forest planting requirements in part by setting aside portions
of building lots as permanent forested acreage. It is quite small in magnitude in both
average lot size equations (0.01-0.02), suggesting that permanently preserved forest
makes up a very limited share of building lots. It is positive in both number of lots
equations, suggesting that FCA requirements increase the attractiveness of clustering.
The effect of FCA planting requirements is especially pronounced in subdivisions with
public sewer access; it is negligible (its coefficient is quite small in magnitude) in
subdivisions without public sewer access.

Finally, the coefficient of the FCA planting requirement is significantly less than zero in
both kinds of subdivisions, suggesting that developers respond to forest planting
requirements by economizing on infrastructure land. It is not significantly different from
one in absolute value in subdivisions with public sewer access, suggesting a one-for-one
tradeoff between forest planting and infrastructure. It is significantly less than one in



absolute value in subdivisions without public sewer access, suggesting that developers
have greater flexibility to allocate land in these farther-out subdivisions.

Impacts of Regulation on Sprawl

An estimate of the effect of these regulations on sprawl can be obtained by differentiating
the land availability constraint (3) with respect to each form of regulation to obtain the
additional amount of land needed to accommodate any given level of population growth.
Following this procedure for an arbitrary regulation y = (5,(,v) (where v represents the
zoned maximum allowable number of lots) yields:

dL os on 0O(z+a) Oi
=n—ts5s—F+——"t—

) — :
dy oy oy oy 0Oy

The coefficients of the models estimated here give 0s/8y, 6n/dy, and di/dy.> Lichtenberg,
Tra, and Hardie (in press) find 0(z+a)/04 equal to 0.39 in subdivisions with public sewer
access and 0.85 in subdivisions without public sewer access; d(z+a)/0c equal to -7.98 in
subdivisions with public sewer access and -6.44 in subdivisions without public sewer
access; and 0(z+a)/0v equal to zero in both kinds of subdivisions.

Using these parameter estimates in equation (9), we find that a one-acre increase in
minimum lot size increases the amount of land needed to accommodate the current
number of households by about 34 acres in subdivisions with public sewer access and
about 3.5 acres in subdivisions without public sewer access. The proportional effect of a
one-acre increase in minimum lot size on the amount of land needed to accommodate
existing population levels in subdivisions with public sewer access is quite large, about
170%. It should be noted, though, that a one-acre increase effectively quadruples
minimum lot size in these subdivisions. In contrast, a one-acre increase in minimum lot
size in subdivisions without public sewer access, which increases the amount of land
needed to accommodate the existing population by about 5%, represents an increase in
minimum lot size of only about one-third..

Following the same procedure, we find that a one-lot reduction in the maximum
allowable number of lots increases the amount of land needed to accommodate the
current number of households by about 0.28 acres in subdivisions with public sewer
access and about 0.74 acres in subdivisions without public sewer access, or roughly 1%
in both kinds of subdivisions. On a proportional basis the amount of land needed to
accommodate the existing population is actually somewhat more sensitive to density
(maximum allowable number of lots) zoning than lot size zoning: A 10% decrease in the
maximum number of lots increases the amount of land needed to accommodate current
households by 7% in subdivisions with public sewer access of average size and 3% in
subdivisions without public sewer access of average size, compared to 5% and 1%,
respectively, for a 10% increase in minimum lot size.

% In the 12% of subdivisions where minimum lot size determines the maximum allowable number of lots,
on/do can be calculated as (0n/0v)(-B/o°) where B denotes the net area (total area less floodplain and
wetland) of the subdivision.



Overall, these results are in line with the claim that zoning promotes urban sprawl by
reducing density and thus pushing the urban boundary out farther into rural areas. They
support the results of theoretical models such as Pasha’s (1996) that predict that
minimum lot size zoning has a large effect on land use in close-in suburban areas. They
also confirm existing empirical evidence, notably the results of McConnell, Walls, and
Kopits’ (2006) Calvert County study.

Applying equation (9) to forest conservation regulation, we find that a one-acre increase
in the FCA planting requirement increases the amount of land needed to accommodate
the current number of households by about 0.62 acres in subdivisions with public sewer
access and about 0.72 acres in subdivisions without public sewer access, indicating that
forest conservation regulation can exacerbate sprawl in much the same manner as zoning.
At subsample averages, a 10% increase in the forest planting requirement increases the
amount of land needed to accommodate the existing population by 2% in both types of
subdivisions. Thus, on a percentage basis the amount of land needed to accommodate the
existing population is actually somewhat more sensitive to FCA planting requirements
than to either lot size or density zoning in more remote subdivisions without public sewer
access but less sensitive to FCA planting requirements than zoning in closer-in
subdivisions with public sewer access.

Concluding Remarks

Rapid urbanization threatens the availability of and access to open space and thus often
triggers the enactment of policies designed to preserve open space. Both theoretical
studies and prior econometric studies suggest that some of those policies may result in
more extensive development by reducing housing density so that more land is needed to
accommodate population growth. In other words, open space preservation policies may
contribute to urban sprawl.

We present a conceptual framework of the choices facing a developer subdividing a
parcel of fixed size and use it to specify an econometric model of average lot size, the
number of lots per subdivision, and land allocated to roads, sidewalks, and other forms of
infrastructure. Lot size, lot numbers and infrastructure are functions of minimum lot size
and maximum density zoning, forest planting requirements under the Maryland Forest
Conservation Act, and control variables influencing the use of space such as subdivision
size, geographic features of the subdivision, subdivision location, and land use in areas
surrounding the subdivision. We fit the parameters of the econometric model using data
from suburban subdivisions in five counties in the Baltimore-Washington suburbs. The
estimated coefficients indicate that minimum lot size zoning increases average lot size;
that maximum density zoning reduces the number of lots and, in subdivisions without
public sewer access, infrastructure area; and that forest planting requirements increase
both average lot size and the number of lots in subdivisions with public sewer access and
reduce infrastructure area in all subdivisions. The effects of all of these changes on the
amount of land needed to accommodate the current number of households are modest,
however, increasing urbanized area by less than one percent in response to a one percent
increase in any of these three forms of regulation. Thus, while there does seem to be



some conflict between open space preservation, most notably forest preservation, and
prevention of urban sprawl, that conflict does not appear to be acute.



References

Bockstael, N.E., and E.G. Irwin. 2000. “Economics and the Land Use-Environment
Link.” In International Yearbook of Environmental and Resource Economics 2000/2001,
ed. T. Tietenberg and H. Folmer. Cheltenham, UK: Edward Elgar.

Cheshire, P., and S. Sheppard. 1995. “On the Price of Land and the Value of Amenities.”
Economica 6: 247-267.

Galvin, M.F., B. Wilson, and M. Honeczy. 2000. “Maryland’s Forest Conservation Act:
A Process for Urban Greenspace Protection During the Development Process.” Journal
of Arboriculture 26: 275-280.

Geoghegan, J. 2002. “The Value of Open Spaces in Residential Land Use.” Land Use
Policy 19:91-98.

Geoghegan, J., L. Lynch, and S. Bucholtz. 2003. “Capitalization of Open Spaces into
Housing Values and the Residential Property Tax Revenue Impacts of Agricultural
Easement Programs.” Agricultural and Resource Economics Review 32:33-45.

Geoghegan, J., L.A. Wainger, and N.E. Bockstael. 1997. “Spatial Landscape Indices in a
Hedonic Framework: An Ecological Economics Analysis Using GIS.” Ecological
Economics 23:251-264.

Hardie, I., E. Lichtenberg, and C.J. Nickerson. 2007. “Regulation, Open Space, and the
Value of Land Undergoing Residential Subdivision.” Land Economics 83.

Irwin, E.G. 2002. “The Effects of Open Space on Residential Property Values.” Land
Economics 78:465-480.

Irwin, E.G. and N.E. Bockstael. 2004. “Land Use Externalities, Open Space Preservation,
and Urban Sprawl.” Regional Science and Urban Economics 34:705-725.

Lichtenberg, E. and I Hardie. 2007. “Open Space, Forest Conservation, and Urban
Sprawl in Maryland Suburban Subdivisions”, American Journal of Agricultural
Economics 89.

Lichtenberg, E., C. Tra, and 1. Hardie. In press. “Land Use Regulation and the Provision
of Open Space in Suburban Residential Subdivisions.” Journal of Environmental
Economics and Management.

McConnell, V., M. Walls, and E. Kopits. 2006. “Zoning, TDRs and the Density of
Development.” Journal of Urban Economics 59:440-457.

McMillan, D.P., and J.F. McDonald. 1991. “A Simultaneous Equations Model of Zoning
and Land Values.” Regional Science and Urban Economics 21:14-27.

Moss, W.G. 1977. “Large Lot Zoning, Property Taxes and Metropolitan Area.” Journal
of Urban Economics 4:408-427.



Munneke, H.J. 2005. “Dynamics of Urban Zoning Structure: An Empirical Investigation
of Zoning Change.” Journal of Urban Economics 58:455-473.

Pasha, H.A. 1996. “Suburban Minimum Lot Size Zoning and Spatial Equilibrium.”
Journal of Urban Economics 40: 1-12.

Thorsnes, P. 2002. “The Value of a Suburban Forest Preserve: Estimates from Sales of
Vacant Residential Building Lots.” Land Economics 78: 426-441.

Tyrvéinen, L., and A. Miettinen. 2000. “Property Prices and Urban Forest Amentities.”
Journal of Environmental Economics and Management 39:205-223.

Wallace, N.E. 1988. “The Market Effects of Zoning Undeveloped Land: Does Zoning
Follow the Market?” Journal of Urban Economics 23:307-326.

Wu, J.J., RM. Adams and A.J. Plantinga. 2004. “Amenities in an Urban Equilibrium
Model: Residential Development in Portland, Oregon.” Land Economics 80:19-32.

Wu, J-J and A.J. Plantinga. 2003. “The Influence of Public Open Space on Urban Spatial
Structure.” Journal of Environmental Economics and Management 46:288-309.



14!

L9 $91 SUOI)BAIISQO JO JdqUINN
99¢¥86¢°0 €0v61°0 LELSLYY O 6evLT0 Ajuno) AToWOGIUOJN Ul PaJedO] UOISIAIPGNS
9ILLYITO | LTHYLOO CEIBLEY' O | 8609SC0 Ajuno) pIeMOH UI PaJeoo] UOISIAIPGNS
695019%°'0 | 80S86C0 S¥860LC°0 | 89C6L0°0 Ayuno) sa[1ey) ul pajedo] UOISIAIpgNS
L8BEBLY'0 | ¥8TEVED SOTE88I'0 | S8S9E00 Ajuno) [j011e)) Ul Pajedo] UOISIAIPgNS

£9YC08Y'1¢ 9080°8¢ 9LLYSOSTL | ST6S9'LT | (o[l peol) (gD ISIBAU 0} dOUEISIP SUNNIWO))
padojoaspun 10
LOYETTE'OC | 1I886'LE 87C0S08'LT | #0TOE'ST | ‘USNIqQ ISA10J UL O[IUWI % UIIIM PUB] JO 93IUIIJ
*010 ‘sooeds
11S69¢v'0 | L968IT°0 TEVOYLO'9 | SH1.88°C | dlqnd ‘Syred ur o[iu % UIG)im pue[ JO 95eIU0I0 ]
68799¢9°0C | 9S188'8¢ OLLETIEET | T090€°01 PUB[ULIE] UT [IW % UIYIIAM PUB] JO 9FBIUIII]
ce116¢ 07991 €8'9¢Cl | WWLTLLS UOISIAIPQNS UI UWIEaA)s JO 193] Jeaul']
C8166S6'L | €0€0Er'Y £968988°C CCISTT UOISIAIPQNS UT PUef}oMm JO S0y
901L66V YT | CVEIEY'L LYOLTLLY | 18L8YS'] UOISIAIPQNS Ul urejdpooyj jo sa1oy
6066L6L°LL | €0S06°EL ¥008869°9C | CSOvL61 93ea108 ANIS [RI0],
6560£69°9¢ | $89S5°0¢ 9806£86 9L | LLIIE €S S10[ JO Joquunt WNWIXeW pauo/
9L9919¢°T | ¥91TC6'1 917901¢€°0 | E€LLEIEO (s9108) 9ZIS J0] WNWIUIW PaU0Z
ce016€L'ST | €0¥99°TC CPSSLLEOQL | 6STITI9 V04 £q pa1nbal sa1oe pajsalo ]
60L9CE0 | €0¥611°0 £80SL6E°0 | CTIS6I0 (1 = s94) v woy 1dwaxa UoISIAIpqNg
Y8LOCIBCC | 9086CS€ 9IL9L69'IT | €S8000°1 | SIMONASLHUL JIYI0 PUB ‘SY[BMIPIS ‘SPROI UL SAIOY
911669°LT | v0OI6L'6] O6VCP6e81°SS | 99¢09'8¢ UOISIAIPQNS UT S]0[ JO .oqunN
CITyel8C | SOI1800°¢ v0993vy'0 | ¥58801°0 (s2108) 9ZIS J0[ UOISIAIPQNS dFRIIAY
uoneIAd(J plepuel§ UBIJAl | UONBIAJ( plepue)s UBIA
SS9V JIMIS SS90V
Aqnd JNOYIM SUOISIAIpGNS | 1IMIS I[qNd YIIM SUOISIAIpQNS dlqeLie A

SISA[RUY JLI}dWOU0IT Y} Ul pPas) eie( Y} Jo sansnels AndrIdsd( *1 dqel,




puejuLIe}

(L8€091°0) (18L580°0) (80€¥20°0) (LyLoL0'0) | (LT6YVTETO) (86¥100°0) Ur O %4 UIIM
9Z88T1°0 890€0°0- 1€4910°0 «08¥L1°0" S8T0¥E€0 «¥LLEO00 pue| Jo 93e)ud0Id
(010100°0) (6£5000°0) (#$1000°0) (080100°0) (¥92+00°0) (920000°0) UOISIAIPQNS UT
$65000°0 0£000°0- $0000°0- 600000~ 9.9+00°0 #%60000°0- |  WEANS JO JOJ] JLdUI]
(€1192€°0) ($€0S91°0) (289050°0) (PETPLY0) (1599+8°1) (€S¥110°0) UOISIAIPgNS
w5 PSTST T~ +98V€6£°0 S9EY0°0- 6ST16L°0 69L819°C 62112070 Ul pUB[1oM JO SAIOY
(960921°0) (9€1L90°0) (969810°0) (€69L25°0) (L10LE0D) (96L210°0) UOISIAIPgNS
SOLTT 0" #3xVC881°0" 62£00°0- #x0067S T 19v.8€°0 LST10°0- | ur ure[dpooyj jo sa1y
(9906L0°0) (LYL1¥0°0) (T€€TT0°0) (22T850°0) (T€20€T°0) (€21100°0)
[€8YS0°0 | %xC86CIT0 08200°0- #xVCEETS0 #%£C198°0" €$9000°0 9geaIoe 9IS [B10],
(9906L0°0) (2095€0°0) (226210°0) (181150°0) $10[ JO JoqUINU
#xV8E8YS 0 885€90°0 SLETIO0 +%800779°0 wnwixew pouoyz
(99.859°1) (L€9L8T0) (¥¥L109°9) (21090°0) (sexoe) ozI18
12€86°0- «LTITLS0 8¥C0S 1~ #%S89CIT'1 10] WNWIUTW PAU0Z
(800€L1°0) (2L£€60°0) (951920°0) (0¥€012°0) (FL119°0) ($6£00°0) vDd £q parmnbax
#%610LS"0" 81201070 1060200 #%99898°0- %SOSTY9' 1 #%0CIT10°0 SQI0® PAISAI0,]
(229£95°9) (ILL1SS ™€) (£19066°0) (1S¥869°1) (99061L°9) (6£1210°0) (1 = $94) v woxy
7€9080°T %69C8T L #xE1SST0'Y 6SE9P8'1 «SYIvpI- 11€20°0- 1dwdXa UOISIAIPgNS
(69€9¢+1) (28€9L9°L) (9LL08T'T) (€TIEYT D) (#19189°8) (F1¥€50°0)
10€S9° - 88TTH'TI 10989°C- €€0ST0°1 +%6£€97°9C ¥L1680°0 1dooroyuy
BAIY S0 AZIS BIY S0 ZIS
danjdnaseqjuy Jo J_dquuny 107 93RIIAY danydnaseqjuy Jo Jaquiny 10T 93RIIAY
SSAIIVY JIMAS J[qNnd INOYIIM SUOISIAIPYNS $SAIIY MG d[qnd YA SUOISIAIpQNS dIqerIe A

S[9POJAl LIPIWOUOIT Y} JO SIdJdWRIeJ pPIjewsy ‘7 d[qeL




"[OAQ] 20UBIIJIUSTIS %G B JB 0IOZ WOIJ JUIYJIP A[JUBITIUSIS SAJOUIP 4 TOAJ[ d0UBOYIUIIS 9, [ © I8 0JOZ WOIJ JUIIIJJIP AJUBdJIUIIS
SOJOUAP 44 "SUOISSAITAI pAje[aIun AJFUIuds SuISn PAJRWIISI SSIOB JaMIS d1[qnd JnoyIm SUOISIAIpgNS 10J [9PON “sarenbs
1se9[ 23S 221y} SuISn PIAJBWIISI SSAIB JoMIS O1qnd YIIM SUOISIAIPQNS J0J [OPOIN “Sasaypuared ur pajrodar 10119 pIepuels§ 910N

6€78°0 TOLLO 2 waskg

SUOIBAIdSqQQ

99 91 Jo JoqunN

(686959'8) |  (0808999'1) (86890¢°1) 91SHP1°0) (TOLLET'L) (€6v9¥0°0) | Auno) AISwWOTIuoN

75€€88°9 SIP8L'S- 1TLYCI0 T60¥€°0- 0YSE9t°0 #%706C1°0- | Ul PAJROO[ UOISIAIPANS

(98866°01) (9€LTELS) (I%1599°1) (6L7TT8°1) (12160L°9) (66¥+0°0) Ayunoy) premoy

#xVL99Y €Y LOEET €~ 961L¥S0 62110 7596€°9- 816L0°0- | UI Pa3BOO[ UOISIAIPQNS

(661€0°11) (6LS6£6°S) (989L99°1) (L8TILEY) (1L¥00°91) (80S001°0) Ayuno) saprey)

€0589°ST Y06LS°C- €0L89°0- £05£06°0 «%S8TSL'IS 00S+1°0- | UL Pa)BIO] UOISIAIPQNS

(69L0ST'8) (96100 1) (L8LEST'T) (TE1S6¥'¥) (66808°ST) (S€L00T°0) Auno) [jomre)

£8950°6- 96¥11°0- TEILLO #%S6£96'V 1 999¢6°L- «19¥ST°0- | Ul pa)edO] UOISIAIPNS

(soqru

(8%759L1°0) (S08+60°0) (85L920°0) (099.80°0) (8€06€€°0) (¥T1200°0) | PpeoI) gD IsdIeau 0}

0vL81°0- $€800°0- L6L620°0 9€080°0- #%6€£106°0" S€8000°0 | dourisIp Supnuiwo)

padojoadpun

Jo ‘Usniq ‘182I10J

(118€12°0) (FTLETT0) (LTETEO0) (0L95%0°0) (LSS¥L10) (101100°0) Ul 91w % unpm

$9100°0- v6£91°0- 68£950°0 008000 96L91°0~ 8C100°0- pue[ Jo a3ejudo1dd

319

‘sooeds orqnd ‘syred

(PTILSY'S) (L¥L098°7) (8€70€8°0) (O1¥211°0) (810S¥+°0) (88,200°0) Ur I %4 UIIMm

LOSTOt- 85097 388186°0 €9€11°0- 18€01°0- 860000 pue| Jo 93r)uddIg
BIAY S107] 9Z1IS BILY S107] 971§
arnpnaseqjuy JO Joquun N Jo1 vwm.~0>< aanpnajsegjuy JO J_quiny 101 0%&&9»4

$SIJIY JIIMIS J[qNJ INOYIIM SUOISIAIPNS

S$SIJIY IIMIS J[qNJ YIIM SUOISIAIPQNS

dqerie A





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


