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l. Introduction

In the United States, growth in income and population has led to an expansion of the
exurban frontier of development as residents move from urban population centers seeking rural,
natural amenity rich landscapes. In these areas, homeowners covert land primarily from
undeveloped agricultural and forestry uses into low density residential development. As a result,
forest cover is threatened by exurban development in much of the United States. For instance,
Drummond and Loveland (2010) estimate that between 1973 and 2000, total forest cover
declined by over 4%, despite forest reclamation of formerly agricultural lands. In their study,
residential land development conversion was the second largest cause of forest cover loss behind
only mechanically disturbed timber harvest. Forest cover provides environmental benefits that
are not fully captured by the landowner. For instance, numerous studies have found that
properties adjacent to forest stands command price premiums over other non-forest adjacent
homes (Garrod and Willis 1992, Thorsnes 2002, Tyrvdinen and Miettinen 2000, Mansfield et al.
2005, Hardie et al. 2007). Many communities are experimenting with forest conservation
policies to address forest cover loss due to residential land conversion. In this paper, we study the
effect of forest conservation policy on the rate of land development and total forest cover change.

A substantial body of work has analyzed the effect of targeting incentive payments for
rural landowners on ecosystem function. Using data from the Willamette Basin in Oregon,
Nelson et al. (2008) studies the effect of proposed conservation policy on the provision of carbon
sequestration and species conservation. Lewis et al. (2009) developed a theoretical model to
analyze targeting of incentives to reduced habitat fragmentation and restore forest landscapes.
However, these studies largely base their analyses on hypothetical policy adoption and use

simulation or theoretically based approaches to quantify the effect of land use policy on



conservation outcomes. Other researchers have used empirically focused land use change models
(e.g. Irwin and Bockstael 2004, Newburn and Berck 2006, Lewis et al. 2009) to study the effect
of landscape policies, such as low density zoning, on development outcomes. However, the
effect of forest conservation policies on residential development patterns has received less
attention. An exception is Lichtenberg et al. (2007), Lichtenberg and Hardie (2007) and
Lichtenberg (2011) who assess how the Forest Conservation Act (FCA) in Maryland influences
residential density and open space provision within subdivisions. They find that forest
conservation requirements crowd out public non-forested open space and reduce residential
density using subdivision data occurring after the FCA was adopted in Maryland.

The purpose of this study is to analyze the heterogeneous effect of the FCA on the timing
and location decisions for residential development and to determine the level of avoided forest
loss due to this policy. We use a spatially explicit panel dataset of residential subdivisions during
1985-2000 in Baltimore County, Maryland. The econometric model is a panel Heckman
selection model with two stages that are jointly estimated. The first stage model is a panel probit
model of the landowner decision to develop or remain undeveloped. The second stage model
estimates the change in the proportion of forest cover on the property, conditional on
development in the first stage. The FCA policy was adopted in 1993 allowing us to model
landowner development decisions during the periods before FCA implementation (1985-1992)
and after FCA implementation (1993-2000). Land use decisions are assumed to be a function of
the FCA requirement, existing forest cover, riparian buffer area, zoning, and other parcel
attributes. To characterize parcel-level forest cover change, we utilize satellite-based data from
the North American Carbon Program (NACP) measuring forest cover on a biannual basis

between 1985 and 2004.



Our results highlight several important conclusions. Conditional upon a parcel being
selected for development, in the period before the FCA was introduced (1985-1992), forest cover
decreases following subdivision across the distribution of existing forest cover values. In the
period after FCA introduction (1993-2000), forest cover increases on average, for parcels with
less than 60% existing forest cover. Comparing forest cover change between these periods, the
largest increase is reported on parcels with 40-60% existing forest, with a 15.7% gain in forest
cover. Based upon a simulation analysis of forest cover change with and with the FCA policy,
we find that total countywide forest cover increases by approximately 662 acres with the FCA.
This represents a growth in total forest acreage of approximately 24% relative to what would
have occurred without the FCA policy.

This research makes several contributions to the literature. First, this study builds upon a
large body of research that estimate spatially explicit land-use change models to analyze the
effect of land-use policies on residential development (e.g., Irwin and Bockstael 2004; Newburn
and Berck 2006; Lichtenberg et al. 2007; Towe et al. 2008; Lewis et al. 2009; Bustic et al. 2011).
However, these prior studies analyze residential development decisions using data only after
policy adoption. Our model estimates development decisions with data from before and after
policy adoption, allowing an improvement in identifying the policy effect from the baseline
effect of existing forest cover. Second, most prior studies implicitly assume that forest land
converted to urban development results in a complete loss of forest, thus, overestimating the
environmental damages from development (Lubowski et al 2008, Nelson et al. 2008). We model
actual forest cover change using the satellite-based NACP data to measure the amount of initial
forest cover and estimate the loss due to development with and without policy adoption. This

provides a more accurate estimate of the impact to forest ecosystem services, such as reduction



in carbon sequestration, habitat, and water quality impacts to local streams and the Chesapeake
Bay. Third, this is also the first study, to our knowledge, to analyze the effect of forest
conservation policies on residential development decisions. The FCA policy in Maryland is the
only statewide forest conservation policy in the United States that focuses on forest retention and
replanting requirements within residential subdivisions. Hence, the FCA policy could provide
guidance for other regions. However, because parcels with very large tracts of forest have lower
FCA penalties for forest cover removal, this may encourage potential habitat fragmentation by
relocating forests from large and contiguously forested locations to areas with smaller amounts
of existing forest.

In Section Il we provide an overview of the policy landscape in Baltimore County,
followed by a description of our empirical methodology in Section I11. In Section 1V, we provide
a description of available data before presenting empirical results and discussion in Section V. In
Section VI, we develop a simulation analysis of land development and total forest cover change

and provide concluding remarks in Section VII.



I1.  Policy Background on Maryland’s Forest Conservation Act

Forest cover loss is a major concern for states, such as Maryland, that have been
experiencing rapid urban development. For instance, there was a loss of over 300,000 acres of
forest land in Maryland during the period from 1964 to 1986, representing about a 13% loss in
forest cover (US Forest Service Northern Research Station 2002). This forest loss results in
reductions to ecosystem services for wildlife habitat, carbon sequestration, amenities to local
residents, and water quality. In particular, meeting goals for water quality improvements in local
streams and the Chesapeake Bay has increased attention on the importance of maintaining and
restoring forested areas. Priority areas for forest protection and restoration include
environmentally sensitive areas, such as riparian buffers, 100-year floodplains, steep slopes and
critical habitat.

The Forest Conservation Act (FCA) was passed as a statewide law by the Maryland
legislature in late 1991 and implemented locally by county and municipal governments in 1993.
Starting in January 1993, the law applies to any subdivision development with grading over
40,000 square feet (approximately one acre) and is designed to reduce forest loss following
property development. Prior to development, a landowner completes a forest conservation plan
(FCP) that specifies the forest conservation requirement on the property, including a plan for
retaining existing forest cover and new tree plantings (Galvin et al. 2000).> The FCP must be
approved by county planning agencies as part of the overall subdivision approval process for
land use and environmental permitting. The county planning agencies must comply with state

mandated requirements under the FCA regulations.

! The landowner may also meet the conservation requirement through offsite mitigation. Offsite forest mitigation is
relatively uncommon for our study region in rural Baltimore County, representing less than 10% of forest acres
conserved based on available data.



Thresholds for afforestation and conservation under the FCA regulations are determined
based on the existing forest cover and the prevailing zoning. The afforestation threshold is
twenty percent in rural regions zoned for either agricultural and resource areas or medium
residential areas. Hence, for parcels with less than twenty percent existing forest cover, the
landowner must plant new trees up to the afforestation threshold, even if no trees are cleared in
the process of development. The conservation threshold is fifty percent in rural regions zoned for
agricultural and resource areas and twenty-five percent when zoned for medium residential areas.
In order to avoid replanting requirements entirely, a landowner must retain at least twenty
percent of existing forest cover above the conservation threshold, which is referred to as the
break-even point. Forest land cleared above the conservation threshold and below the break-even
point must be replanted at one-fourth the rate of the amount cleared. Forest land cleared below
the conservation threshold must be replanted at twice the rate of the amount cleared. Prior to the
adoption of FCA regulations, there were no afforestation or conservation thresholds for the entire

region.
I1l. Econometric Model

In this section, we develop a panel Heckman selection model to estimate the effect of the
FCA policy on land development and forest cover change decisions. The landowner is assumed
to be a profit-maximizing agent who decides either to develop parcel i or remain undeveloped in
each period t. Conditional on a parcel being selected for development, the landowner determines
forest cover change on the parcel after subdivision. A positive level of forest cover change
indicates a net gain in forest area while a negative forest cover change indicates a decrease in
forest area. We use a bivariate sample selection model because land development and forest
cover change decisions may be correlated (Heckman 1979). For the first stage, let Y, represent
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the unobserved latent variable on the value from residential development for the landowner on
parcel i in period t net the value from remaining undeveloped in the existing use (e.g.,

*

agriculture). Conditional on a parcel being undeveloped, parcel i develops in period t if Y.

it

>0,
and conversion decisions are assumed to be irreversible. Let Y, be a binary variable to indicate

when a parcel develops such that

Y,=1 if Y, >0, Y, =0 ifY, <0. (1)

In the first stage, a panel probit model is used to estimate land development decisions as a
function of a number of observable parcel attributes. We expect the effect of the FCA on land
development decisions to vary based primarily on the parcel-level existing forest cover. Due to
the afforestation and conservation thresholds under the FCA requirements described above, we
expect the effect of the FCA to vary nonlinearly over the distribution of existing percent forest
cover. Therefore, we use categorical ranges of existing percent forest cover to allow flexibility in
the model specification to represent the potential nonlinear relationship between land use
decisions and the existing percent forest cover. Let F, be a vector of existing forest categories
grouped into quintile values (i.e., 0-20%, 20-40%, 40-60%, 60-80%, 80-100%), with the lowest
quintile of 0-20% existing forest cover as the baseline category. Let 7 be a post-regulatory
dummy variable equal to one for any period after the introduction of the FCA policy in 1993. We
also include interactions terms between the forest cover categories F, and the post-regulatory
dummy variable 7 to estimate whether the effect of existing forest cover in the period after the
FCA policy changes relative to the baseline period prior to the FCA policy. Let X, represent a
vector of control variables, such as distance to major roads, riparian buffer area, slope, and other

parcel attributes. The variable Z,, is an exclusion restriction included in the first stage model but
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omitted from the second stage in the Heckman selection model. Let T, represent annual time

dummy variables, where a single year is omitted from each period before and after the FCA
policy for identification. Equation 2 shows the specification for the first stage panel probit model

for the probability of development where the error term &, is an independently and identically

distributed standard normal random variable but clustered at the parcel level
Yu: =R OB+, + TR Lo+ X By + Ly s + TS5 + & - 2)

In the second stage, we estimate the percent forest cover change after development,

represented by the variable AF, . It should be noted that we only observe forest cover change for
parcels actually selected for development. Let AF," represent a latent variable of forest cover
change, such that the forest cover change is observed as AF, = AF, when parcel i is developed
in period t, Y, >0, and otherwise it is not considered. Equation 3 shows the specification for
forest cover change which is similar to Equation 2 except we drop the exclusion restriction Z,

from the second stage for identification purposes
AR =R+ 77, + TR + Xy + T + 24y - 3)

The land development and forest cover change decisions in Equations 2 and 3 are
estimated simultaneously using a full information maximum likelihood (FIML) approach. We
assume that errors are correlated between Equations 2 and 3 which are jointly and normally

distributed

Lﬂ: " [3{1 apD | (4)



The correlation coefficient between the first and second stage is represented by the parameter o .
Parcels may be selected for development based upon their expected forest clearing costs. If p is

significant, then ignoring the correlation between these two land use decisions would result in
inconsistent parameter estimates. A positive correlation coefficient would imply that, controlling
for observed parcel attributes, parcels selected for development have higher levels of forest cover
change than would occur on undeveloped parcels if they were developed.

We calculate the marginal effects of covariates on the probability of development in first

stage and forest cover change in the second stage. Let O, ={F,, X;,,Z

it?

1 Zy, 7, T} be a vector of

covariates included in Equations 2 and 3 and let o' € Q, be the covariate k for subsequent
marginal effects. For the first stage, the marginal effects of the covariate » on the annual

probability of development is calculated as

Gpr[Yit =0] Qit] _o® [Q“ﬂ]

k - k
Oy o

. (5)

As noted in Ai and Norton (2003), coefficients need not have either the same sign or significance
as marginal effects for interaction terms in nonlinear models, such as the interaction term on 7F
in our case. For this reason, we emphasize the interpretation of statistical significance based on
the marginal effects in Equation 5 rather the coefficient estimates in Equation 2. Marginal effects
of covariates on forest cover change decisions are represented in Equation 6 and are calculated

conditional on a parcel being selected for development

GE[AF, Y, =1,Q,] ., _p[ ¢[Qitﬂ]j[gitﬁ+ ¢[Qnﬂ]J , (6)

k PEAP] PLEAP]
oo

o[, o[Q,/]
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Marginal effects in Equation 6 account for the direct effect of the covariate k on the forest cover

change decision, represented by the coefficient y, , as well as an indirect effect on which parcels

are selected for development.
To assess the potential effect of the FCA, we compute the expected forest cover change

conditional on development for the periods before and after the FCA policy
E[AFit |Y|t =l’T=17Qit]_ E[AFit |Y|t =l,Z'=O,Qn] : (7

In general, we expect an increase forest cover change on subdivisions after relative to before the
FCA policy. We calculate the forest cover change in Equation 7 separately for each existing
forest cover quintile to examine whether there is heterogeneity in the potential effect of the FCA
by the existing forest cover categories. In addition to the change in the FCA policy, we recognize
that there are other factors potentially influencing land use decisions that may change over time
and will discuss these potential effects and robustness tests in the Results section. These
robustness tests includes alternative specifications that use a more narrow time window of
subdivision activity in 1988-1997, temporal falsification tests that only use either the pre-FCA
data or post-FCA data and move the policy event to an arbitrary time within those time periods,
and sensitivity tests to the specification using quintile categories on existing forest cover by

further examining categories using deciles.
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V. Data

Baltimore County is located adjacent to the City of Baltimore and spans approximately
25 miles northward to the border with Pennsylvania (Figure 1). The majority of residents
commute to work within the county or Baltimore City. Land-use decisions that disturb forest
cover affect water quality in local waterways and the Chesapeake Bay. Furthermore, the rural
area in Baltimore County has three large reservoirs that provide the regional drinking water
supply for over 1.8 million residents in the Baltimore Metropolitan Region. An urban growth
boundary (UGB) was implemented in Baltimore County in 1967, also referred to as the urban-
rural demarcation line (URDL). An UGB is designed to reduce development and conserve
agricultural and forested areas in rural areas by restricting municipal sewer and water access
exclusively to parcels located within the UGB. Although the UGB may limit higher density
development on sewer service, it does not prevent lower density residential development in rural
areas where subdivisions are instead served by individual private septic systems and groundwater
wells. Despite the efforts of smart growth policies, the majority of acreage developed in
Maryland occurs as low density residential development on septic systems in rural areas.

Our study region focuses on the rural area located outside the UGB to understand the
effect of the FCA on residential development and forest cover in this region with the majority of
forest cover and land conversion. This rural area covers 387 square miles, which is
approximately two-thirds of the county land area. The resource conservation (RC) zoning was
created in the rural area in 1976 and used three main zoning types. RC2 zoning for agricultural
preservation covers the majority of the rural area and designated the minimum lot size zoning at
50 acres per housing unit. RC4 zoning was created for watershed protection and designated the

minimum lot size zoning at 5 acres per housing unit. RC5 zoning was created to allow rural
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residential development and has minimum lot size zoning at 2 acres per housing unit. Minor
subdivisions with two lots are also allowed in RC2 zoning for a parcel with 2 to 100 acres and
allowed in RC4 zoning for a parcel with 6 to 10 acres. RC2 and RC4 zoning are considered
agricultural and resource areas under the FCA regulations outlined above. Hence, these two
zoning types, representing the majority of land area, have a conservation threshold of fifty
percent. RC5 zoning is considered as medium residential area and thus has a conservation
threshold of twenty-five percent. All three zoning types have an afforestation threshold of twenty
percent.

Data used to estimate the residential land-use conversion model in Baltimore County rely
on spatially explicit parcel data from the Maryland Department of Planning. We manually
reconstruct the panel of residential subdivisions using historic archives for all recorded plats
from 1985 to 2000. The historic plat maps provide the year of subdivision for the timing of the
residential conversion events. By identifying all those parcels in the same subdivision, we
determine the original “parent” parcel and, thus, reconstruct the landscape for parcel boundaries
in 1985. For the land-use conversion model, we determine all developable parcels that as of 1985
were eligible for residential development in the RC zoning area with more than five acres and
could subdivide into two or more buildable residential lots.? There were a total of 3,388
developable parcels starting in 1985, of which there were 427 residential subdivisions that
occurred during 1985-2000. This includes 240 subdivisions in 1985-1992 prior to the adoption of

the FCA policy and 187 subdivisions in 1993-2000 after the FCA policy.

% Hence, we have screened out areas zoned for non-residential uses (e.g., commercial, industrial, parks, etc.) and
parcels that were already developed. We have also excluded areas in zoning types covering a minor portion of the
landscape and had limited development activity, including the critical area for the 1000-foot buffer along the tidal
zone of the Chesapeake Bay (RC20/RC50) and RC3 zoning. Parcels that are put into land preservation easements
were considered developable from 1985 until the date of easement, after which they were not considered
developable.
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Forest cover data are obtained from the North American Forest Dynamics Project, a
NASA funded project under the North American Carbon Program (NACP) (Goward et al. 2008;
Goward et al. 2012). The NACP collects detailed forest cover data starting in 1984 for 55
selected locations across the United States, including the Baltimore-Washington corridor, based
on Landsat satellite imagery at approximately 30-meter resolution. The Vegetation Change
Tracker (VCT) algorithm, developed by Huang et al. (2010), is applied to Landsat imagery on an
annual to biennial basis to provide forest cover maps, which are used to determine the timing and
spatial distribution of deforestation, reforestation, and afforestation. For the Baltimore-
Washington corridor, the existing forest cover maps are available as raster files for 12 different
time periods including the following years: 1984, 1986, 1987, 1988, 1990, 1991, 1994, 1996,
1998, 2000, 2002, and 2004. We intersect these 12 snapshots of forest cover with the parcel
boundary layer to create variables for the percentage of existing forest cover on each parcel,
calculated as the amount of existing forest cover divided by the total parcel area. The Landsat
imagery used by the NACP did not cover a portion of northern Baltimore County (11% of the
study area), and this area was thus excluded from the analysis.

Forest cover change is calculated as the difference between the percent forest cover after
development and percent existing forest cover prior to development. For parcels developed in
1985-1992, forest cover change is calculated as the difference between percent forest cover in
1996 and existing percent forest cover prior to development. For parcels developed in 1993-
2000, forest cover change is calculated as the difference between percent forest cover in 2004
and existing forest cover prior to development. For example, a subdivision event occurring in
1989 would use the existing forest cover prior to development in 1988 and then the forest cover

following development in 1996. Negative values for forest cover change indicate a loss of forest
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cover due to development whereas positive values indicate a gain in forest cover following
development.

Figure 2 shows the average forest cover change for subdivisions occurring before the
FCA policy in 1985-1992 and after the FCA policy in 1993-2000. Prior to the FCA policy, the
average forest cover change was negative across the entire distribution of existing forest cover.
The largest losses occurred on subdivisions with higher levels of existing forest cover ranging
from approximately 40 to 100%. After the FCA policy, a modest gain in forest cover occurred on
average for subdivisions with existing forest cover less than 40%; meanwhile, forest cover
change decreased continuously for subdivisions with greater than 60% existing forest cover. The
largest difference in forest cover change occurred for subdivisions with approximately 50%
existing forest cover, where subdivisions had no change in forest cover after the FCA policy
versus an average loss of 9% prior to the FCA policy (net gain of 9%). This difference was
positive for most the distribution of existing forest cover, except at the highest forest cover
values of 90-100%. This suggests an overall positive effect of the FCA policy on forest retention
and afforestation, albeit heterogeneous effects by parcel-level existing forest cover.

Forest cover change is the dependent variable in the outcome equation for the second
stage, while the first stage in the Heckman selection model is a panel probit model on whether
the parcel is developed or not. We derive parcel attributes within a geographic information
system (GIS) to create explanatory variables for each parcel in our dataset. Summary statistics
for these covariates are reported in Table 1. This includes the existing percent forest cover prior
to development represented in quintile categories. We use quintiles to allow flexibility to capture
the potential nonlinear relationship between forest cover change and the existing amount of

forest cover. Removal of existing forest cover is often required to make room for development
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on subdivisions. Because FCA requirements are based largely upon parcel level existing forest
cover, we expect variation in forest cover change decisions over the distribution of existing
forest values.

Zoning is represented as a categorical variable based on the dominant zoning type on the
parcel. We manually reconstruct the historical zoning map in 1976 to represent the zoning
designations that existed prior to the model period of subdivision development in 1985-2000.
There are three major zoning types in rural Baltimore County, as outlined above. We create
dummy variables for whether the parcel was located in either RC2 or RC4 zoning, while the least
restrictive zoning type (RC5 zoning) is used as the baseline zoning category. Parcel area is
represented in natural log form and used as an exclusion restriction in the first-stage equation on
the development decision. Since forest cover is scaled by parcel area, we assume that parcel area
does not directly affect the forest cover change decision in the second stage. The distance from
each parcel to Baltimore City in miles is used to represent accessibility to regional employment
opportunities. Similarly, the distance from each parcel to the closest major road or highway is
used to represent access to the transportation infrastructure.

We construct the riparian buffer variable based on the stream hydrology and 100-year
floodplains according to the riparian setback requirements in Baltimore County. We represent
the riparian buffer variable as the percent of parcel area located within a 50-foot buffer around
intermittent and perennial streams starting in 1986. Beginning in 1989, we expand the riparian
buffer variable to a 100-foot of buffer of intermittent and perennial streams, due to an updated in
the setback policy. When the 100-year floodplain is larger than the minimum riparian setback
requirements described above for a given parcel, then the riparian buffer variable is set equal to

percent of parcel area within the 100-year floodplain. The average percent slope and elevation in
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meters are both calculated for each parcel based on the digital elevation model (DEM) at 10-
meter grid cell resolution. Surrounding land use variables are used to capture the potential spatial
spillover effects from neighboring protected areas and developed land uses. These surrounding
land use variables include the percent area within a 500-meter buffer around the boundary for
each parcel in non-residential use (e.g., commercial, industrial, etc.), residential use, parks, and
undeveloped land use. The variables are lagged temporally by one year to represent the
surrounding land uses prior to development, and the undeveloped category is omitted as the

baseline. We also create a dummy variable for whether there was an existing house on the parcel.

V. Results

Table 2 reports the FIML estimation results of the Heckman model for a panel probit

model of residential development in the first stage and forest cover change in the second stage.
The estimated correlation coefficient o between the first and second stage is 0.72 and

significant at the one percent level. This correlation implies that estimating these equations
separately would result in inconsistent parameter estimates. The positive correlation coefficient
suggests that, controlling for observable parcels attributes, parcel selected for development have
higher levels of forest cover change relative to the undeveloped parcels. In Table 3, we provide
the marginal effects for each of the covariates computed at the observed values. For the first
stage, the marginal effects on the average annualized probability of development are calculated
based on Equation 5. For the second stage, the marginal effects on forest cover change
conditional on development are calculated based on Equation 6, which account for the indirect
effects from the selection process of land development in the first stage. Standard errors for

marginal effects are calculated using the delta method.
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In the first stage, the marginal effects of covariates in Table 3 on the average annualized
probability of development yield the following results. The marginal effects for existing forest
cover are not significant for any quintile category, relative to the omitted baseline category of O-
20% existing forest cover. This suggests that, prior to the FCA policy, there was no significant
difference in the likelihood of development for parcels with high existing forest cover relative to
those with low existing forest cover. The post-regulatory dummy variable in Table 2 is also not
significant, indicating that the overall rate of development was similar between the periods in
1985-1992 and 1993-2000. The marginal effects of interaction terms between the post-regulatory
variable and existing forest cover are also not significant. This further implies that the selection
process for land development did not vary by existing forest cover after the FCA policy
compared to the period prior to the FCA policy.

Marginal effects for several other covariates on the probability of development are
significant in Table 3 and generally conform to expectations when significant. For example, the
marginal effect of distance to Baltimore City is negative and significant at the one percent level,
indicating that parcels farther from this regional employment center are less likely to be
developed. Parcels located in RC2 zoning, the most restrictive zoning type, are less likely to be
developed relative to the baseline RC5 zoning type. The marginal effect of RC4 zoning is
negative but not significantly different from RC5 zoning. Parcels with larger riparian buffer area
are less likely to be developed, suggesting that the riparian setbacks requirements and 100-year
floodplains reduce the suitability for development as expected. Parcels with larger area are more
likely to be developed, presumably due to economies of scale for larger sized developments. The

marginal effect of surrounding residential land use is positive and significant, suggesting that
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neighboring development potentially provides infrastructure to increase the likelihood of
development; meanwhile, the marginal effect for surrounding parks is not significant.

The primary interest of our analysis is the marginal effects of existing forest cover on the
expected forest cover change conditional on development. In particular, we aim to examine
whether heterogeneous effects occur across the quintile categories of existing forest cover.
Marginal effects for existing forest cover in Table 3 are negative and significant for all quintile
categories, relative to the baseline category for existing forest cover at 0-20%. Hence, this
implies larger losses in forest cover occurred for developed parcels with higher levels of existing
forest cover during the period 1985-1992 prior to adopting the FCA policy. For example,
developed parcels with 20-40% existing forest cover have on average approximately 5.8% more
forest cover loss compared to developed parcels with 0-20% existing forest cover during this
period. The post-regulatory dummy variable is positive and significant in Table 2, suggesting
that there was an increase in forest cover on developed parcels in 1993-2000 relative to those
developed in 1985-1992. The marginal effects of the interactions between the post-regulatory
variable and existing forest cover categories indicate heterogeneous effects according to the
existing levels of forest cover. Consider the positive and significant interaction effect for existing
forest cover at 40-60%, for example. This result suggests that larger increases in forest cover
occurred between the periods after versus before the FCA policy for developed parcels with 40-
60% forest cover, as compared to the forest cover change on developed parcels for the baseline
category with 0-20% forest cover. Regarding the other covariates in Table 3, the marginal effect
of the average percent slope is positive and significant at the five percent level. This indicates
that steeply sloped parcels have less forest clearing, as expected. The marginal effect is also

positive and significant for the riparian buffer variable, presumably because riparian setback
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regulations provide more forest retention and restoration since they reduce the area allowed for
residential development. Furthermore, the RC4 zoning has a significant and positive effect on
forest cover change, whereas the effect for RC2 zoning is positive but not significantly different
from RC5 zoning.

To further investigate the potential effect of the FCA on land use decisions, we provide
the expected forest cover change conditional on development in Table 4 for each quintile
category of existing forest cover. We base the results shown in Table 4 upon the same set of
3,010 parcels that were undeveloped as of 1993, in order to represent those parcels that were
developable when the FCA policy was adopted. Then, according to Equation 7, the expected
forest cover change is calculated, conditional on development, in the period 1985-1992 and in
the period 1993-2000. The difference indicates the expected increase in forest cover after the
FCA policy relative to the period prior to the FCA policy, while accounting for the selection
process of land development across time and space.

Table 4 shows that the expected forest cover after development decreases on developed
parcels in the period 1985-1992 for all categories of existing forest cover. Prior to
implementation of the FCA policy, forest cover loss ranges from -3.6% on parcels with 0-20%
existing forest cover to approximately -11.2% on parcels with 60-80% existing forest cover.
After the FCA policy in 1993-2000, there is a modest increase in forest cover on average for
developed parcels with existing forest cover between 0-60%. However, we predict decreases in
expected forest cover for developed parcels with greater than 60% existing forest cover.

When considering the difference between the time periods after versus before the FCA
policy in Table 4, there is an expected net increase in forest cover conditional on development

for parcels with 0-60% existing forest cover. The baseline category of 0-20% existing forest
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cover, for example, reports an expected decrease in forest cover of -3.6% in 1985-1992 and an
expected increase of 4.9% in 1993-2000, leading to an overall net increase of 8.5% between
these two periods. The largest overall net increase in forest cover is 15.7% for parcels with 40-
60% existing forest cover. These results suggest that the afforestation and conservation
thresholds implemented under the FCA policy likely increased the amount of forest cover,
relative to what would have occurred without the policy, but primarily on parcels with lower
existing forest cover. In contrast, parcels with highest levels of existing forest cover at 80-100%
have no significant difference in expected forest cover on developed parcels between the periods
before and after the FCA policy. Specifically, we predict an expected decrease in forest cover of
-7.6% in 1985-1992 and -9.2% in 1993-2000, which was not statistically different between these
periods. This result may be due to the FCA policy setting a maximum conservation threshold at
50%, meaning the parcels with high levels of existing forest cover, above this threshold may
deforest large tracts of forest area without penalty. This has consequences for land fragmentation
and suggests that the most intact forested areas continue to have the largest losses in forest cover

despite the implementation of this forest conservation policy.

Robustness Checks

As we mentioned above, it should be acknowledged that, in addition to the effect of the
FCA policy, there may be other market or parcel attributes that vary between these two time
periods. It would be desirable to use another neighboring region that is unaffected by the FCA
policy as a control region. However, the FCA is a statewide policy that was adopted at the same
time in neighboring counties in Maryland. Additionally, the forest cover data from the NACP

(Goward et al. 2012) only covers the Baltimore-Washington corridor and does not extend into
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neighboring Yorke County, Pennsylvania. In the absence of such a control region, we conduct
several robustness checks to examine the potential sensitivity of our estimation results.

First, we conduct temporal falsification tests that only use either the pre-FCA or post-
FCA data and move the policy event to an arbitrary year within those respective time periods.
We start by performing a falsification test using only the post-FCA data spanning the period in
1993-2000. We then estimate the model specified in Equations 1-3 while hypothetically
considering the false policy event occurring in 1997, such that 1993-1996 is considered before
the policy versus 1997-2000 after the policy. If there were significant differences in the forest
cover change conditional on development between these two periods, it would suggest potential
confounding influence of time-varying unobservable factors affecting forest cover change
decisions. Table Al in the Appendix is analogous to the calculations made for the results in
Table 4. Table Al shows that there were no significant differences in the expected forest cover
change conditional on development between these two periods in 1993-1996 versus 1997-2000.
We repeated this method for the falsification test using only the pre-FCA data spanning 1985-
1992 while hypothetically considering the false policy event in 1989. Table A2 in the Appendix
similarly shows that there were no significant differences in forest cover change between the
periods 1985-1988 versus 1989-1992.

Second, we estimate the model over a shorter ten-year horizon in 1988-1997 as a
comparison to our main results over the longer horizon in 1985-2000. By narrowing the time
window, we focus the analysis to the period immediately before and after the introduction of the
FCA policy. Hence, this may reduce potential bias from confounding temporally varying
unobservable factors. The estimated covariate marginal effects are presented in Table A3 in the

Appendix. The marginal effects in Table A3 change quantitatively but the significance for
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covariates are qualitatively similar to those in Table 3, except that marginal effect of slope on
forest cover change is positive but no longer significant at the 5% level in Table A3. Table A4
shows the expected forest cover change conditional on development for the periods 1988-1992
versus 1993-1997. The results on estimated forest cover change in Table A4 are qualitatively the
same as those reported in Table 4. This analysis for a shorter period, of course, has fewer
subdivision events to estimate the model, which is the reason we use the period 1985-2000 for
our main results.

Third, we examine the sensitivity to the specification using quintile categories of existing
forest cover. We also explore the model estimation using decile categories to saturate the
potential nonlinear effects. Tables A5 presents the covariate marginal effects based on decile
forest cover categories. The main findings remain unchanged between Table A5 and Table 3,
although the RC4 zoning variable now has negative and significant on the probability of
development in Table A5 while it was negative but not significant in Table 3. Table A6 shows
the expected forest cover change conditional on development for 1985-1992 and 1993-2000
based on the decile categories for existing forest cover. The difference in expected forest cover
change between these two periods is positive for existing forest cover values less than 80%. The
net increase in expected forest cover change is largest for parcels with 40-50% existing forest

cover, which is similar to the results in Table 4.

V1.  Policy Simulation on Landscape-Level Forest Cover Change

In this section, we provide results of a policy simulation to analyze the landscape-level
implications of the FCA policy on forest cover change in rural Baltimore County. The analysis
uses 1,000 bootstrapped samples of the original data set, followed by model estimation according

to the specification provided in Equations 1-3. Parcels that are developable as of 1993 are used to
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predict the amount of land development and forest cover change that would occur under the
scenarios with and without the FCA policy during the period 1993-2000. The dummy variable ¢
is set to one for the scenario with the FCA policy and set to zero for the scenario without the
FCA policy, while all other variables and coefficients are unchanged between these scenarios.

For each bootstrapped iteration, we predict the parcel-level expected annual probability
of development with and without the FCA policy in each year during 1993-2000. Then,
analogous to the methodology in Lewis et al. (2009), the expected annual probability of
development for each parcel is compared to a random number drawn from a uniform distribution
for each parcel and year. The parcel is considered developed in the first year spanning 1993-2000
in which the expected annual probability of development is greater than the random uniform
number; and otherwise, it is considered to remain undeveloped in 2000. If the parcel is
considered developed, then the expected forest cover change conditional on development in that
given year is calculated.

The simulation results are summarized in Table 5 showing the land area, existing forest
area, and forest cover change on subdivisions under the scenarios with and without the FCA
policy. The bootstrapped 95% confidence intervals (Cls) are also included based on the 25" and
975" largest simulation result from the 1,000 iterations. The null hypothesis is a test on whether
the bootstrapped 95% Cls contain zero for the difference between the results under scenarios
with and without the FCA policy. Table 5 shows that there is a similar amount of total land area
on subdivisions under the scenarios with and without the FCA policy. There is actually slightly
more total developed land area on subdivisions with the FCA policy, specifically about 8,715
acres developed with the FCA policy and 7,571 acres developed without the FCA policy. This

difference, however, is not statistically significant since the bootstrapped Cls range from -3,041
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to 4,627. Furthermore, the amount of existing forest cover on subdivisions with and without the
FCA policy is 3,943 acres and 3,565 acres, respectively; but this difference is also not
statistically significant.

The results on forest cover change in Table 5 demonstrate that there are larger predicted
losses in forest cover for the scenario without the FCA policy. We predict a total loss of 757
forested acres out of 3,565 acres of existing forest cover under the scenario without the FCA
policy during 1993-2000, representing about a 21% loss of forest cover. Meanwhile, we predict a
total loss of only 98 forested acres out of 3,943 acres of existing forest cover for the scenario
with the FCA policy. This indicates an overall net difference of 662 forested acres between these
two scenarios, approximately a 23% increase in forest cover with the FCA policy relative to
forest cover on subdivisions without the FCA.

Importantly, the results on forest cover change are heterogeneous by the parcel-level
existing forest cover, particularly for the scenario with the FCA policy. Table 5 indicates that
significant decreases in forest cover occur for all five existing forest cover categories for the
scenario without the FCA policy. With the FCA policy, there is no significant decrease in forest
cover for parcels with 0-60% existing forest cover, whereas there are significant decreases in
forest cover for parcels with 80-100% existing forest cover. It is informative to compare the
difference in forest cover change between the scenarios by the existing forest cover categories.
For parcels with 0-20% existing forest cover, forest area increased significantly by
approximately 117 acres with the FCA policy relative to without it. This increase is expected
because parcels with less than 20% existing forest cover are required to afforest during the
subdivision process under the FCA regulations. The largest gain in forest cover occurred on

subdivisions for parcels with 40-60% existing forest cover, which had an increase of 302
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forested acres compared to the simulation without the FCA policy. This result suggests that
parcels with existing forest cover near the conservation threshold are significantly affected by the
FCA policy, which results in either higher retention of existing forest cover or more reforestation
to compensate for areas cleared during the subdivision process. For parcels with 80-100%
existing forest cover, there is no significant difference in forest area between the scenarios with
and without the FCA policy. This result indicates continued loss in forest cover under both
scenarios for parcels with the highest level of existing forest cover. According to the FCA policy,
parcels with high levels of existing forest cover may remove a significant amount of forest
acreage above the conservation threshold without requiring reforestation or afforestation. Hence,

forest fragmentation may continue unabated for the parcels with the most intact habitat.

VII. Conclusion

The purpose of this paper is to analyze the effect of the Maryland Forest Conservation
Act (FCA) on residential development decisions and to assess the level of avoided forest loss due
to this policy. We find that prior to FCA policy, forest cover decreases on subdivision
developments across the entire distribution of existing forest cover values. However, after the
FCA policy, forest cover increases on average but only for parcels with between 0-60% existing
forest cover. The largest difference in forest cover change between the post-FCA and pre-FCA
periods was a 15.7% net increase in forest cover, which occurred on parcels with 40-60%
existing forest cover. Meanwhile, parcels with 80-100% existing forest cover had no significant
difference in the level of forest loss between the post-FCA and pre-FCA periods. Hence, parcels
with the highest levels of forest cover at 80-100% continue to have the largest decrease in forest
cover, despite the FCA policy, thereby resulting in forest habitat fragmentation in regions with

the most intact forest cover.

26



Our analysis suggests that there was an overall significant and positive effect of this
policy on total forest cover. Based upon landscape-level policy simulations, we find that total
expected forest cover in rural Baltimore County increased by approximately 662 acres due to
FCA policy introduction, representing a 23% increase in forest area relative to the expected total
forest cover that would have occurred on subdivisions without the FCA policy. Policy
effectiveness could be further improved, for instance, if regulators increased the conservation
threshold. In doing so, landowners subdividing their properties would be required to assume
larger amounts of forest conservation and would reduce the amount of forest acres that could be
removed without penalty. Since the most intact forests are currently the least affected by the
introduction of the FCA policy, another approach would also be to target funding from purchase
of development rights programs to protect these high priority forested areas. In doing so,
regulators may optimize synergy between current land-use policies and incentive programs by
targeting incentive payments to areas where the FCA policy is expected be less effective in
meeting landscape-level forest conservation goals. Assessing the tradeoffs needed to set
priorities for targeting forest conservation, of course, would require a more detailed evaluation of
the spatial distribution of ecosystem services provided by forests rather than only the total forest
cover change.

There is growing interest in the United States and abroad for programs designed to reduce
deforestation and promote afforestation, including incentive-based payments for ecosystem
services and direct land use policies. To the best of our knowledge, this study is the first to
combine analyses of a panel data on forest cover change and parcel-level modeling on residential
development decisions. In doing so, we are able to examine spatially heterogeneous policy

outcomes across subdivisions. Importantly, we are also able to more accurately assess the actual
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amount of forest cover within subdivisions before and after development occurs, which is often
overestimated in prior studies when assuming a complete loss in forest cover occurs with
development. We anticipate that this combination of panel data on forest cover change and
micro-level land use decisions will provide further opportunities for research on land use and
ecosystem service provision in other regions since the North American Forest Dynamics
Program has over 55 sites across the United States alone. In conclusion, Maryland has been a
leader in adopting smart growth policies and currently has the only statewide policy promoting
forest retention and replanting on parcels undergoing subdivision development. This study
suggests that the implementation of the FCA policy in Maryland has provided some increase in
the level of forest area and could provide guidance to other regions interested in implementing

similar policies to promote forest conservation in areas threatened by residential development.
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Table 1: Covariate Summary Statistics

Standard
Variables Mean Deviation Min Max
Existing Forest Cover
Quintile
Forest cover 0-20% 0.1986 0.3990 0 1
Forest cover 20-40% 0.1644 0.3707 0 1
Forest cover 40-60% 0.1469 0.3540 0 1
Forest cover 60-80% 0.1423 0.3494 0 1
Forest cover 80-100% 0.3478 0.4763 0 1
Zoning Type
RC5 0.1629 0.3693 0 1
RC 4 0.2079 0.4058 0 1
RC 2 0.6292 0.4830 0 1
Parcel Characteristics
Riparian Buffer Area (%)  19.4562 19.5880 0 100
In(Parcel Area) 2.8715 0.9046 1.6094 5.8538
Distance to Baltimore City = 21.441 8.9726 3.2167  39.1890
Distance to Major Road 0.7643 0.6635 0.0270 4.7063
Slope 10.922 4.8201 0 42.9550
Elevation 16.6108 4.9259 0.1006  28.8327
Existing House 0.3563 0.4789 0 1
Surrounding Land Use within 500 meter buffer
Non-residential (%) 0.0189 0.0540 0 0.5565
Parks (%) 0.0343 0.1013 0 0.9785
Residential (%) 0.1891 0.1611 0 0.9563
Number of Parcels 3,388
Observations 49,148
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Table 2: Full Information Maximum Likelihood Estimation Results on Panel Heckman

Selection Model

Probability of Development

Forest Cover Change

Standard Standard
Variables Coefficient Error Coefficient Error
Forest Cover Quintiles
Forest cover 20-40% -0.12931 0.10000 -6.49238** 1.86751
Forest cover 40-60% 0.08509 0.09096 -5.67956** 1.97414
Forest cover 60-80% 0.09419 0.09213 -6.85495** 2.39300
Forest cover 80-100% 0.02006 0.08487 -3.89075* 1.58604
Post-1993 Forest Cover Quintiles ¥
Post-1993* Forest cover 20-40% 0.22733 0.13556 5.47103 2.94830
Post-1993* Forest cover 40-60% 0.01949 0.13054 7.27680* 2.83232
Post-1993* Forest cover 60-80% 0.02533 0.13021 -1.25288 2.66637
Post-1993* Forest cover 80-100% -0.03235 0.11770 -10.44087** 2.60735
Post-1993 0.01035 0.13611 8.64454** 2.91985
Zoning Type §¥
RC 4 -0.11091* 0.05649 3.78068** 1.33564
RC 2 -0.35956** 0.05550 -0.52150 1.57910
Parcel Characteristics
Distance to Baltimore City -0.00740* 0.00289 -0.03271 0.08130
Distance to Major Road -0.01616 0.03350 -0.77754 0.99771
Slope 0.00189 0.00438 0.25900* 0.12644
Elevation -0.00697 0.00554 -0.06456 0.12458
Riparian Buffer Area (%) 0.03449 0.03550 -0.00683** 0.00128
Existing House -0.08946* 0.04054 -0.63777 0.91462
Ln(Parcel Area) 0.21985** 0.02132 -- --
Surrounding Land Use within 500 meter buffer
Non-residential (%) -0.03394 0.09613 -0.00334 0.00376
Parks (%) 0.02610 0.04512 0.00019 0.00198
Residential (%) 0.11261** 0.03762 0.00983** 0.00117
Constant -2.65156** 0.14398 -31.72276** 6.82796
P 0.72381** 0.11600 -- -
Annual Time Fixed Effects Yes Yes
Observations 49,148 427

**p<0.01, *p<0.05

T Baseline forest cover category = 0-20% existing forest cover

T Baseline zoning type = RC 5 zoning
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Table 3: Marginal Effect of Covariates on Annual Probability of Development and Forest

Cover Change

Probability of Development

Forest Cover Change

Variables Coefficient Standard Coefficient Standard
Errors Errors
Forest Cover Quintiles
Forest cover 20-40% -0.0022 0.00172 -5.4827** 1.77595
Forest cover 40-60% 0.00183 0.00194 -6.3408** 1.84498
Forest cover 60-80% 0.00205 0.00199 -7.5867** 2.24956
Forest cover 80-100% 0.0004 0.00168 -4.0469** 1.42685
Post-1993 Forest Cover Quintiles ¥
Post-1993* Forest cover 20-40% 0.00219 0.00209 -1.7823 2.14431
Post-1993* Forest cover 40-60% 0.00235 0.0022 0.78536 2.22856
Post-1993* Forest cover 60-80% 0.00273 0.00224 -9.0354** 1.72046
Post-1993* Forest cover 80-100% -0.0002 0.00177 -14.236** 2.31453
Zoning Typet7
RC 4 -0.0033 0.00171 4.63507** 1.26704
RC 2 -0.0083** 0.00151 2.26550 1.30033
Parcel Characteristics
Distance to Baltimore City -0.0002** 0.00006 0.02484 0.07411
Distance to Major Road -0.00030 0.00071 -0.652 1.00446
Slope 0.00004 0.00009 0.24434* 0.12095
Elevation -0.00020 0.00012 -0.01040 0.11495
Riparian Buffer Area (%) -0.0002** 0.00003 0.08758* 0.0312
Existing House -0.0019* 0.00086 0.05762 0.86549
Ln(Parcel Area) 0.00467** 0.00049 - --
Surrounding Land Use within 500 meter buffer
Non-residential (%) -0.00007 0.00008 -0.00790 0.08717
Parks (%) 0.000004 0.00004 0.02464 0.03998
Residential (%) 0.00021** 0.00003 0.03621 0.02766

**1<0.01, *p<0.05

+ Marginal effects based upon a discrete change from the baseline 0-20% existing forest category

+1 Marginal effects based upon a discrete change from the baseline RC 5 zoning category
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Table 4: Percent Forest Cover Change Conditional on Development in 1985-1992 and 1993-

2000

Forest Cover Change

Forest Cover Change

Forest Cover Quintile in 1985-1992 in 1993-2000 Difference
Forest cover 0-20% -3.6227 4.9411** 8.5638**
(2.5547) (1.2799) (2.6788)
Forest cover 20-40% -9.1033** 3.157** 12.2603**
(3.0381) (1.6718) (3.3542)
Forest cover 40-60% -9.9649** 5.7246** 15.6895**
(3.0118) (1.9007) (3.341)
Forest cover 60-80% -11.211** -4.0964** 7.1146*
(3.8726) (1.2256) (3.596)
Forest cover 80-100% -7.6699** -0.2947** -1.6247
(2.7318) (1.8632) (3.0803)

Robust standard errors in parentheses

** n<0.01, * p<0.05
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Table 5: Landscape-Level Predictions on Land Acreage, Existing Forest Cover and Forest Cover Change With and Without

FCA Policy
Subdivisions without FCA Policy Subdivisions with FCA Policy Difference
Existing Forest cover Existing Forest cover Existing Forest cover
Forest Cover Quintile Land area forest area change Land area forest area change Land area forest area change
Forest cover 0-20% 1359* 152* -94* 1387* 155* 24 28 3 117*
[480, 2435] [51, 280] [-224, -20] [661, 2219] [62, 263] [-18, 69] [-1023, 930] [-115, 111] [30, 242]
Forest cover 20-40% 1317* 388* -163* 2252* 666* -2 935 278 163*
[461, 2388] [140, 706] [-339, -49] [1233, 3375] [361, 990] [-93, 91] [-51, 2147] [-10, 638] [18, 358]
Forest cover 40-60% 1899* 920* -235* 2038* 986* 67 138 66 302*
[860, 3219] [416, 1565] [-451, -87] [1151, 3066] [548, 1498] [-13, 160] [-1154, 1284] [-559, 620] [129, 528]
Forest cover 60-80% 1321* 903* -161* 1439* 984* -68* 118 81 93
[526, 2381] [362, 1631] [-353, -43] [684, 2320] [470, 1596] [-135, -19] [-832, 929] [-565, 644] [-17, 256]
Forest cover 80-100% 1674* 1202* -105* 1599* 1151* -118* -76 -51 -13
[747, 2893] [519, 2052] [-230, -29] [899, 2403] [604, 1767] [-205, -48] [-1212, 824] [-824, 591] [-122, 100]
Total 7571* 3565* -757* 8715* 3943* -98 1144 378 662*
[4227, 11635] [2011,5496]  [-1383,-322] | [6808, 10830] [2990, 5047] [-277, 59] [-3041, 4627] [-1522,1947]  [204, 1292]

Note: All numbers above reported in acres
*Statistical significance of the bootstrapped 95% confidence interval not containing zero
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Figure 1: Residential Subdivisions in 1985-2000 in Rural Baltimore County
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Figure 2: Lowess of Average Forest Cover Change for Subdivisions Before FCA Policy
(1985-1992) and After FCA Policy (1993-2000)
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Appendix

Table Al: Temporal Falsification Test on Percent Forest Cover Change Conditional on
Development in 1993-1996 and 1997-2000 (False Policy Event=1997)

Forest Cover Change Forest Cover Change
Forest Cover Quintile in 1993-1996 in 1997-2000 Difference
Forest cover 0-20% 5.7395 6.883** 1.1435
(3.2728) (2.045) (3.8885)
Forest cover 20-40% 6.2181 1.8857 -4.3324
(3.4267) (2.3415) (3.956)
Forest cover 40-60% 3.4947 8.2607** 4.766
(3.2894) (2.8508) (4.3202)
Forest cover 60-80% -2.813 -2.5861 0.2268
(2.8564) (1.996) (3.2198)
Forest cover 80-100% -12.0133** -8.1317** 3.8816
(4.2592) (2.654) (4.5266)

Robust standard errors in parentheses
** p<0.01, * p<0.05

Table A2: Temporal Falsification Test on Percent Forest Cover Change Conditional on
Development in 1985-1988 and 1989-1992 (False Policy Event=1989)

Forest Cover Change Forest Cover Change
Forest Cover Quintile in 1985-1988 in 1989-1992 Difference
Forest cover 0-20% -0.1071 -0.1091 -0.002
(2.6877) (0.8904) (2.5971)
Forest cover 20-40% -7.0096 -5.4781** 1.5314
(3.7169) (1.453) (4.2199)
Forest cover 40-60% -9.3333** -2.9643** 6.369
(3.0033) (1.041) (3.3541)
Forest cover 60-80% -7.4692** -8.0882** -0.619
(2.2999) (2.9821) (4.3783)
Forest cover 80-100% -3.1368 -4.6055** -1.4687
(2.1147) (1.1064) (2.3755)

Robust standard errors in parentheses
** p<0.01, * p<0.05
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Table A3: Marginal Effect of Covariates on Annual Probability of Development and Forest

Cover Change (1988-1997)

Probability of Development

Forest Cover Change

Variables Coefficient St;pf;rrd Coefficient St;rrlﬁjsrrd
Forest Cover Quintiles
Forest cover 20-40% -0.00164 0.00226 -4.65562** 1.5693
Forest cover 40-60% 0.00030 0.00240 -3.74859* 1.55572
Forest cover 60-80% 0.00069 0.00257 -7.28477* 2.98222
Forest cover 80-100% -0.00089 0.00215 -3.85483** 1.38389
Post-1993 Forest Cover Quintiles ¥
Post-1993* Forest cover 20-40% -0.00034 0.00258 0.68042 2.51899
Post-1993* Forest cover 40-60% 0.00019 0.0027 -0.79954 2.64231
Post-1993* Forest cover 60-80% 0.00222 0.00293 -6.68686** 1.93314
Post-1993* Forest cover 80-100% -0.00138 0.00228 -13.1674** 2.80338
Zoning Type 7
RC 4 -0.00514* 0.00225 3.15979* 1.33603
RC 2 -0.01019** 0.00206 0.89453 1.62909
Parcel Characteristics
Distance to Baltimore City -0.00018* 0.00008 0.06457 0.08617
Distance to Major Road -0.00047 0.00093 -1.39908 1.16803
Slope 0.00014 0.00012 0.20779 0.1131
Elevation -0.00006 0.00016 -0.1077 0.13508
Riparian Buffer Area (%) -0.00011** 0.00003 0.08185* 0.03532
Existing House -0.00232* 0.00109 -0.38584 0.95512
Ln(Parcel Area) 0.00488** 0.0006 -- --
Surrounding Land Use within 500 meter buffer
Non-residential (%) -0.00012 0.00011 -0.09585 0.11732
Parks (%) -0.00003 0.00006 0.02331 0.05548
Residential (%) 0.00017** 0.00003 -0.00094 0.03451

**1<0.01, *p<0.05

+ Marginal effects based upon a discrete change from the baseline 0-20% existing forest category

+1 Marginal effects based upon a discrete change from the baseline RC 5 zoning category
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Table A4: Percent Forest Cover Change Conditional on Development in 1988-1992 and
1993-1997

Forest Cover Change Forest Cover Change
Forest Cover Quintile in 1988-1992 in 1993-1997 Difference
Forest cover 0-20% -3.2675 4.9903** 8.2577**
(2.4984) (1.5628) (2.7224)
Forest cover 20-40% -7.922* 5.6709** 13.5929**
(3.0103) (2.1177) (3.5303)
Forest cover 40-60% -7.0163* 4.1906* 11.2069**
(3.0077) (2.1225) (3.4647)
Forest cover 60-80% -10.5527* -1.6978 8.8549*
(4.6723) (1.2876) (4.2607)
Forest cover 80-100% -7.1217*%* -8.1763** -1.0546
(2.6383) (2.1425) (3.1282)

Robust standard errors in parentheses
** p<0.01, * p<0.05
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Table A5: Marginal Effect of Covariates on Annual Probability of Development and Forest
Cover Change Using Existing Forest Cover Deciles (1985-2000)

Probability of Development Forest Cover Change
Variables Coefficient Sté?ggrrd Coefficient Stépfl(;e\rrd
Forest Cover Deciles
Forest cover 10-20% 0.00105 0.00267 0.48017 1.98889
Forest cover 20-30% -0.00016 0.00254 -4.1871* 1.80917
Forest cover 30-40% -0.00318 0.00221 -7.17444* 3.25209
Forest cover 40-50% 0.00356 0.00276 -6.6291** 2.39553
Forest cover 50-60% 0.00100 0.00265 -5.38589* 2.4788
Forest cover 60-70% 0.00278 0.00272 -5.18887* 2.3026
Forest cover 70-80% 0.00225 0.00274 -9.64584** 3.2088
Forest cover 80-90% 0.00154 0.00269 -4.66578 2.13593
Forest cover 90-100% 0.00062 0.00213 -3.53813* 1.75965
Post-1993 Forest Cover Deciles
Post-1993*Forest cover 10-20% -0.00149 0.00266 -2.52773 2.33898
Post-1993*Forest cover 20-30% 0.00180 0.00299 -2.15734 2.69419
Post-1993*Forest cover 30-40% 0.00118 0.00294 -3.52965 3.16976
Post-1993*Forest cover 40-50% 0.00067 0.00291 0.77343 3.38217
Post-1993*Forest cover 50-60% 0.00291 0.00338 -1.46253 2.97472
Post-1993*Forest cover 60-70% 0.00317 0.00312 -11.03377** 2.25972
Post-1993*Forest cover 70-80% 0.00063 0.00316 -8.71909** 2.57966
Post-1993*Forest cover 80-90% 0.00013 0.00303 -16.3319** 3.83778
Post-1993*Forest cover 90-100% -0.00135 0.00234 -15.00366** 2.81522
Zoning Type 7
RC 4 -0.00337* 0.00171 4.62172** 1.29747
RC 2 -0.00832** 0.00152 2.19955 1.3332
Parcel Characteristics
Distance to Baltimore City -0.00016** 0.00006 0.01825 0.0743
Distance to Major Road -0.00027 0.00071 -0.67072 0.98599
Slope 0.00005 0.00009 0.25512* 0.11973
Elevation -0.00015 0.00012 -0.02121 0.11743
Riparian Buffer Area (%) -0.00015** 0.00003 0.08524** 0.03057
Existing House -0.00193* 0.00086 0.06285 0.87723
Ln(Parcel Area) 0.00465** 0.00049 -- --
Surrounding Land Use within 500 meter buffer
Non-residential (%) -0.00007 0.00008 0.0078 0.08788
Parks (%) 0.000003 0.00004 0.01902 0.04179
Residential (%) 0.00021** 0.00003 0.03609 0.02816

**1<0.01, *p<0.05
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+ Marginal effects based upon a discrete change from the baseline 0-10% existing forest category
11 Marginal effects based upon a discrete change from the baseline RC 5 zoning category

Table A6: Percent Forest Cover Change Conditional on Development in 1985-1992 and
1993-2000 Using Existing Forest Deciles

Forest Cover Change

Forest Cover Change

Forest Cover Decile in 1985-1992 in 1993-2000 Difference
Forest Cover 0-10% -4.0343 5.9656** 9.9998**
(2.8538) (2.7017) (3.1189)
Forest Cover 10-20% -3.555 3.4391* 6.9941*
(2.6426) (1.7207) (3.0179)
Forest Cover 20-30% -8.2212** 3.8069 12.0281**
(3.0372) (2.0203) (3.645)
Forest Cover 30-40% -11.2053** 2.435 13.6403**
(3.9781) (2.656) (4.6576)
Forest Cover 40-50% -10.6661** 6.7385** 17.4046**
(3.3252) (2.9351) (4.2721)
Forest Cover 50-60% -0.421** 4.5009 13.9219**
(3.2104) (2.4163) (3.8734)
Forest Cover 60-70% -0.2254** -5.0705** 4.1549
(3.2468) (1.4713) (3.1326)
Forest Cover 70-80% -13.6819** -2.754 10.9279*
(4.7604) (1.8776) (4.8453)
Forest Cover 80-90% -8.7013** -10.3664** -1.6651
(3.0427) (3.4479) (4.4026)
Forest Cover 90-100% -7.5729** -9.0370** -1.464
(2.6961) (2.1859) (3.2559)

Robust standard errors in parentheses

** n<0.01, * p<0.05
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