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Abstract This paper examines the impacts of a multi-purpose trail on residential
property values in a hedonic model. Using a large housing data set in combination
with street network distances, we show that proximity to trail entrances positively
effects property values. Among other things, our study compares the hedonic model
results from three different spatial specifications. We pay specific attention to the direct
and indirect effects on residential property prices associated with potential changes
in house characteristics. In addition, our study predicts property values around trail
entrances using a ‘modified spatial predictive process’ approach that is well suited for
capturing spatial dependence in large data sets.

JEL Classification C11 · C21 · R21

1 Introduction

It is well documented in the relevant literature that open spaces, such as parks, urban
forests, greenbelts, and multi-purpose trails, make communities more livable, provide
opportunities to improve people’s physical and mental health, and can boost local
economies through tourism (Lindsey et al. 2004). For the “New Urbanist,” multi-
purpose trails provide the potential for bicycle commuting; help alleviate noise, pollu-
tion, and congestion, and, of course, expand the means for green transportation and a
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community’s walkability. From a real estate perspective, trails, like many other ameni-
ties, can have significant spillover effects on residential property values when these
properties are located within reasonable distances to the trails. But while an increasing
number of studies in recent years explored the impacts of amenities onto residential
property values, only very few studies are specifically devoted to trails.

Developed by Lancaster (1966) and Rosen (1974), the hedonic pricing model is
the standard approach used to estimate the marginal implicit prices of individually
selected housing characteristics. Housing price, based on people’s willingness to pay
for these intrinsic characteristics, is modeled as a function of a set of utility-bearing
intrinsic properties that constitute it. However, the fact that home-buying decisions are
not solely based on structural features of the real estate (e.g., square footage, number of
bedrooms), but are also influenced by community (e.g., school district), neighborhood
(e.g., median household income), environmental (e.g., traffic noise, air pollution),
and locational (e.g., access to public transportation, distance to CBD, public parks)
attributes, led to the development of a vast body of the literature over time to account
for this array of additional factors that influence house prices.

In addition to accounting for the contribution of non-structure related factors, this
paper specifically focuses on the impact of the multi-purpose Little Miami Scenic Trail
on neighboring house prices. Even though the literature is somewhat inconclusive
about the impacts of trails on house prices (Mogush et al. 2005), we find that the
Little Miami Scenic Trail does have a positive impact on residential property values
within close proximity, when using street network distances. We prefer street network
distances between the residential properties and the closest trail entrance over the often
used straight-line distances because potential bicyclists and pedestrians are most likely
to travel along the street network to access the trail via the closest trail entrance. In
addition to the standard parameter estimation process, we use our hedonic model
results to predict the market values for all residential properties around these trail
entrances.

While numerous studies do account for spatial dependence between locations when
estimating the hedonic model parameters and when using these results to predicting
real estate prices (Gelfand et al. 2004; Valente et al. 2005), many results presented in
the relevant literature are somewhat restrictive as they have been derived using small
data samples. Even though the use of a sparse spatial weight matrix tremendously
decreases the computational complexity of spatial econometric models (see LeSage
and Pace 2009), many studies nevertheless give preference to explicitly modeling
the decay in spatial correlations between locations through use of various functional
forms (see Cressie 1993). Until recently, these processes were rather restrictive in
that they were applicable only to relatively small data sets. To overcome the data-
limiting factor, we apply the “modified” spatial predictive process as proposed by
Banerjee et al. (2008) and as extended by Finley et al. (2009). Reducing the number
of observations to a significantly smaller number of representative locations, we can
overcome the computational challenge of our large data set during the estimation
procedure. Through interpolation techniques, estimated parameters can be predicted
from the representative smaller sample back to our large data set. After the parameter
estimation, we apply the same predictive process to create a contour map consisting
of predicted house prices around the trail entrances. To assess the quality of this
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estimation procedure, we will compare them with the results from more traditional
specifications in the spatial econometric literature.

The outline of the paper is as follows. In Sect. 2, we discuss the relevant and still
sparse literature on trails and greenbelts and their impacts on house prices within the
hedonic framework. Section 3 presents the study area and the data set and Sect. 4
discusses in greater detail the Spatial Process as well as other widely used alternative
methods for handling hedonic pricing models with georeferenced data sets. In Sect. 5,
we discuss and compare all model results from our four empirical hedonic specifi-
cations. Finally, in Sect. 6, we present the contour map of predicted property values
around the trail entrances.

2 Review of relevant literature on open spaces, trails, and greenbelts

There is a long list of factors that potential home buyers take into consideration when
looking for a desirable location to buy a house. The quality of the school district
(Brasington 1999; Clapp et al. 2008), the availability of public transport infrastruc-
ture (Hess and Almeida 2007), and desirable neighborhood characteristics (Lynch
and Rasmussen 2001) have received much attention lately in the relevant literature.
In addition, proximity to open spaces, scenic resources, and recreational amenities,
for example, parks, golf courses, rivers, lakes, and trails, may influence residential
property values. Assuming that potential home buyers are willing to pay a premium
for residential properties that are in close proximity to a park or a multi-purpose trail,
their intrinsic values are included in property prices and can be estimated.

There is consensus in the relevant literature that parks and open spaces have signif-
icant effects on residential property prices as they provide improved access to recre-
ational and fitness activities, protect ecosystems, wildlife, and watersheds, or enhance
the esthetic environment of a neighborhood. In addition, parks and open spaces can
provide the means to improve distressed housing markets, thereby generating addi-
tional property tax revenues, and therefore, park and trail developments are viable
investment strategies for improving the quality of life in cities in general. The fact that
the effects of open spaces on residential property values vary widely by type, usage,
size, and distance opens the gateway to a large body of the literature. Of further impor-
tance is that the effects of open spaces co-vary with neighborhood characteristics such
as population density, income, and crime (Anderson and West 2006).

However, very few studies attempt to assess the relationship between trails and
residential property values within the hedonic price framework. In a recent study,
Asabere and Huffman (2009) find that the impacts on home values resulting from
trails, greenbelts, and trails with greenbelts are 2, 4, and 5 % respectively. Using a
semi-logarithmic functional form in a non-spatial hedonic framework and qualita-
tive predictors for the presence of trails and greenbelts, the authors show that house
prices increase the most when greenbelts are used to buffer trails. Krizek (2006)
argues that different types of bicycle facilities have different amenity values. Accord-
ingly, the author explicitly distinguishes between three different types of bike trails:
on-street bicycle lane, off-street bicycle trail (multi-purpose paths including rail trails),
and roadside bicycle trail and between the city and its suburbs. Krizek’s hedonic
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model does also not account for any spatial dependence, but does include distance
measures for each home to the nearest trails. He concludes that suburban residents
do not value bicycle facilities as a favorable amenity in Minneapolis-St. Paul, while
off-street bicycle trails appreciates home values in the city. However, city homeowners
regard roadside bicycle trails as a nuisance, thus having a negative impact on house
prices. Mogush et al. (2005) explain this rather unexpected finding with the quantity
and speed of the adjacent road traffic.

Lindsey et al. (2004) in a semi-log, non-spatial hedonic model use a straight-line
approach to identify properties that fall within a mile buffer zone around the trails
included in their study. Supported by survey data, the authors argue that trail users
beyond 1/2 mile Euclidean distance from the trail are more prone to drive to the trail.
Of particular interest for our study are the results for the Monon Trail, which, like
the Little Miami Scenic Trail, is a heavily used converted rail-trail that runs from the
center of the city north into the neighboring county. For properties located within 1/2
mile of the Monon Trail in Indianapolis, Lindsey et al. show that using mean values
for all variables, a total of 14 % ($13,056) of a predicted sales price of $93,283 is
attributable directly to the Monon Trail. Altogether, this translates into a combined
premium of $115.7 million in property values for the homes within one-half mile of
the Monon Trail.

A study by Nicholls and Crompton (2005) is of relevance as it compares different
proximity measures. Using a linear, non-spatial hedonic approach, physical proximity
between properties and the greenbelts was established using street network distances
and buffer zones based on street network distances. Though the results are not conclu-
sive in that similar trends emerged for all three study areas, one can conclude that using
network distances is superior to just using buffer zones. For instance, using network
distances, Nichols and Crompton show that house prices fall by $3.97 for every foot
one moves away from the trail; the regression results become inconclusive when using
buffer zones in that the results change widely with the established distance measures
(i.e., 0 − 1/4 mile, 1/4 − 1/2 mile, 1/2 − 3/4, and 3/4 − 1 mile buffer zones).

Our study will significantly add to the literature on trails and greenbelts in that
it is the first study that explicitly accounts for the phenomena of spatial dependence
in house prices. Further, it discusses three different spatial modeling techniques and
presents the corresponding results. Last, we contribute to the existing literature by
estimating the aggregate economic benefit of the trail and by predicting potential
values of residential properties around the trail entrances and presenting them in a
contour map.

3 Study area, data sample, and research design

Our study area is the Little Miami Scenic Trail, a shared multi-purpose trail with
equal rights for hikers, runners, skaters, bikers, and equestrians. Though the entire
trail extends about 78 miles from the Little Miami Golf Center in Newton, Hamilton
County, to Springfield, Clark County, our study focuses on the 12 miles most southern
stretch, which lies in Hamilton County, the core county of the City of Cincinnati
(Fig. 1).
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Fig. 1 Observed housing prices

The section of the Little Miami Scenic Trail under study contains a total of 23
trailheads where recreational users can enter the trail. The Little Miami Scenic Trail is
considered to be one of the main recreational facilities within the Cincinnati Metropol-
itan region, as a survey by the Friends of The Little Miami State Park, Inc., a non-profit
organization with focus on updating and beautifying the trail, indicates. In just 2 days
in July and August of 2010, a total of 4,979 users were counted on the trail at Loveland
and 2,374 users at Milford.1 The popularity of the trail suggests that in accordance
with the hedonic price theory, its amenity value may be reflected in the form of a
marginal price—the willingness of homeowners in close proximity of the trail to pay
a premium for being close to the trail. The hedonic pricing technique (Lancaster 1966;
Rosen 1974) is therefore the preferred method to estimate the marginal implicit (i.e.,
hedonic) prices of individually selected housing characteristics. Based on the notion

1 ‘Friends’ help out scenic Little Miami trail: Loveland—For supporters of the Little Miami Scenic Trail,
their charge borders on a sacred trust, Cincinnati Enquirer August 21 2010. The 2 days of count were
Wednesday, July 28 and Sunday, August 8 2010.
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that utility can be derived from commodities’ intrinsic characteristics, the proposed
framework allows us to explicitly estimate people’s willingness to pay for these indi-
vidual housing characteristics, including the proximity to the Little Miami Scenic
Trail. Our data sample contains data for 1,762 single-family residential properties
for the year 2005. The housing data were obtained from the Hamilton County Audi-
tor’s website and include (actual) sales prices as well as market values and structural
characteristics of the properties, such as size (SQFT), age (AGE), and number of
bedrooms/bathrooms.

There is a crucial debate about whether to use assessed property values or sales
data to reflect actual market values. The State of Ohio requires the assessed value to
be calculate every 6 years. Using sales data over a 6-year period preceding the year
2005 would result in a loss of more than half of the observations. The estimation
results reveal similar economic interpretation.2 Cotteleer and van Kooten (2012) give
a detailed explanation of the pros and cons of using either sales or assessed values.
For instance, assessments might rely on historical appraisals, and therefore might not
truly reflect market value. On the other side, distorted sales prices and sample selection
might be a problem when using sales data. In fact, we observe that properties sold
over the previous 6 years are on average located 300 feet further away from the trail.
The main advantage of using assessed values relies on the availability of the data.
Working with larger samples has an impact on the estimation of the spatial process.
As explained in Cotteleer and van Kooten (2012), the discussion between which of
these two proxies, assessed or actual values, is closest to the true property value is
still open. Even if sales values are employed more often in hedonic pricing models,
many studies support the idea that assessed value is good proxy of market value (Berry
and Bednarz 1975; Nicholls and Crompton 2007). In addition, Ventolo and Williams
(1994) argue that the market value is the highest price that a property is to sell for
in an open market, within a reasonable time frame. In other words, the true market
value should come close to actual sales prices for all arm’s length transactions and is
generally representative of the sales price.3

For the purpose of this study, the use of assessed values is more appropriate because
a larger sample size of n = 1,762 allows the construction of a weight matrix that
includes a total of 10 neighbors for each property and, as such, goes beyond the
more simplistic approach of only including the nearest neighbor in the weight matrix.
Further, a larger sample size is essential for a precise prediction of all housing values
in the study region (see Sect. 6).

The housing data were supplemented with data from the Ohio Department of
Education, the Ohio Department of Transportation, and the Cincinnati Area Geo-
graphic Information System (CAGIS). Guided by the principle of parsimony, only
statistically significant explanatory variables have been retained within the four devel-
oped hedonic pricing models. This is done to isolate the most important explanatory
variables making it easier to describe the processes under study. The twelve most rel-

2 Estimation results available on requests.
3 Not to be confused with the assessed value used for property tax calculations which, in Ohio, is simply
defined as 35 % of the true market value.
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Table 1 Data sources and definition

Variable Description

PRICE Market value of land and improvements in 2005 (Hamilton County Auditor)

TRAILD Network distance between each property and the nearest trail entrance in feet
(calculated using ArcView)

INC Median household income by Census block group (Census Bureau, 2005)

SQFT Finished square footage of the house (Hamilton County Auditor)

AGE Age of the house in years (Hamilton County Auditor)

LOTSIZE Lot size of the property in square feet (Hamilton County Auditor)

BASEMENT Dummy variable denoting a full basement (Hamilton County Auditor)

BRICK Dummy variable denoting exterior brick walls (Hamilton County Auditor)

FIRE Dummy variable denoting at least one fireplace (Hamilton County Auditor)

MATH State of Ohio 9th grade math section proficiency test percentage passage rate for the 2005
school year (Ohio Department of Education)

TAXR Gross tax rate by school district for the 2000 tax year (Ohio Department of Taxation)

NONRES Percent of 2000 total property value by school district that is classified as: mineral,
industrial, commercial, and railroad (Ohio department of Taxation)

CBDDIST Shortest distance to Downtown Cincinnati (calculated using ArcView)

Table 2 Data—summary statistics

Variable Mean SD Min Max

PRICE 263,517.82 280,043.12 25,500.00 3,448,600.00

TRAILD 5,772.39 2,560.28 137.62 9,882.53

INC 83,602.96 34,525.03 35,417.00 191,974.00

SQFT 2,202.91 1,177.90 525.00 13,235.00

AGE 40.43 26.02 2.00 174.00

LOTSIZE 4,185.01 13,776.71 687.00 440,067.00

BASEMENT 0.432 0.495 0.00 1.00

BRICK 0.15 0.36 0.00 1.00

FIRE 0.72 0.45 0.00 1.00

MATH 90.91 4.17 87.10 98.30

TAXR 70.58 12.36 47.10 85.15

NONRES 14.98 10.30 6.62 39.55

CBDDIST 22.34 4.82 12.81 29.02

evant variables explaining the variation in house prices that remained in our analysis
are presented in Table 1 along with some descriptive statistics in Table 2.

The average house in our study area is about 40 years old, has on average 2,203
square feet of living space, and is built on a lot of 4,185 square feet (0.096 acres).
About 15 % of the properties are built of bricks, 43 % have a full basement, and 72 %
have a fireplace. With respect to the 2000 gross tax rate by school district, the mean
value was 71 mills, with a minimum of 47 mills and a maximum of 85 mills. Local
school achievements have been accounted for by the 9th grade math section proficiency
passage rate for the 2005 school year, which has a mean of 91 %, compared to 84.5 %
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statewide. Another important component of our regression models is the percentage of
property value in 2000 that is classified as mineral, industrial, commercial, and railroad
real estate. These non-residential properties make up on average 15 percent of all
property values by school district in our sample data. Further, the average household
income by Census block group is $86,603. Using the CAGIS data in conjunction
with the housing data from the Hamilton County Auditor, two distance variables
were generated within ArcInfo 9.3 (ESRI). First, the distances between all single-
family residential properties and their nearest trailhead was calculated. A reasonable
cut-off point of 10,000 feet was used (i.e., 1.89 miles), which gave us a total of
1,762 residential properties. The choice of network distances over buffer zones or
straight-line distances was made to account for the fact that trail users are most likely
to follow the street network to the nearest trail entrance. Network distances were
calculated within ArcInfo’s Network Analyst. Using the “closest facility” command,
the trailheads were uploaded as facilities and the residential properties as incidents.
Executing the “solve” command in a second step then identified the shortest routes and
calculated the distances from each property to the closest trailhead. Hierarchies among
the street network data set were used to disallow the use of interstates and highways by
bicyclists, though we allow bicyclists to ride one way streets in the wrong direction.
Following the notion of the location rent model (Cheshire and Sheppard 1995) in that
property values decline with increasing distance from the Central Business District,
straight-line distances for each of the 1,762 properties to the CBD, that is, downtown
Cincinnati, were calculated and included as an explanatory variable.

4 Model specifications and comparison

The main objective of the paper is to explain the variation in housing prices around the
Little Miami Scenic Trail. The empirical hedonic model specification used in presented
research is as follows:

ln(PRICE) = β0 + β1(SQFT) + β2(AGE) + β3(LOTSIZE) + β4(BASEMENT)

+β5(BRICK) + β6(FIRE) + β7(MATH) + β8(TAXR) + β9(NONRES)

+β10(INCOME) + β11 ln(CBDDIST) + β12 ln(TRAILD) + ε

(1)

where PRICE refers to the market values of the included single-family residential
properties and the explanatory variables are defined as in Table 1 above. We adopted
the semi-logarithm (log-linear) functional form; partly due to its dominance in the
relevant literature and partly to control for the large variation in house prices. To
avoid multicollinearity problems, some of the highly correlated explanatory variables
were excluded from the models. Altogether, twelve explanatory variables remained
in our empirical model specification containing six structural housing characteristics
(i.e., square footage, age, lot size, basement, brick construction, and fireplace), three
school district variables (i.e., math proficiency test results, school district tax rate,
percent of non-residential property values), two neighborhood variables (i.e., median
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household income, distance to CBD), and the network distance between residential
properties and the Little Miami Scenic Trail. The logarithmic transformation is used
for both distances. We can directly interpret the estimates for each distance as the
elasticity of assessed price with respect to amenity distance for a property with average
characteristics.

Altogether, we used four different Bayesian estimation techniques, namely
Ordinary Least Square (OLS), Spatial Autogressive Regression (SAR), Spatial Error
Model (SEM), and Spatial Process (SP). While we will present all results from all
four model specifications, we will pay specific attention to the impact the Little Miami
Scenic Trail has on property values. The OLS model follows closely the standard hedo-
nic pricing approach and as such does not account for spatial dependence of any kind.

Spatial dependence is based on the fact that economic actors (buyers, sellers, and
realtors) take the values of neighboring residential properties into consideration when
pricing a property. Though each property differs with respect to structural character-
istics, each house shares with its neighbors those influences that are generated from
almost identical “location” factors. Accordingly, nearby properties tend to be more
similar than those that are located further away. In practical terms, this logic of a spatial
autoregressive structure is implemented using a spatial weight matrix W that identifies
neighboring observations. For presented research, we chose a row-normalized weight
matrix W based on the 10 nearest neighbors. Further, we define a location index s
for each property which varies continuously over D, the set of all possible locations
in our study region. We define housing prices as y(s) for all properties in our finite
set of locations s1, s2, . . . , sn . One of our main foci of this research is to define dif-
ferent measurements for the covariance Cov(y(si ), y(s j )) = C(h), where h is the
distance between site si and s j . The interpretation of the spatial dependence as a con-
sequence of omitted variables—a structural process—is the foundation of the SAR
model (LeSage and Pace 2009). More specifically, latent influences not included in the
study (i.e., omitted variables), such as lack of privacy along the trail, noise and crime
issues, and/or the perceived distance to the trail, could influence residential property
values. Given that it is very unlikely to account for all possible influences on property
values, the SAR approach does account to some extent for these unobservable factors.
The Spatial Autoregressive is expressed in its matrix form as follows:

Y = ρW Y + Xβ + ε, (2)

where Y = (ys1 , . . . , ysn ) is an n × 1 vector containing the housing prices, W is the
n × n spatial weight matrix, β is the k × 1 vector of parameters to be estimated,
and X = (Xs1 , . . . , Xsn )

′ is the n × k matrix of explanatory variables, including an
intercept term. Each error term ε is normally and identically distributed with a zero
mean and a variance σ 2. The scalar ρ measures the strength of the spatial dependence.

Through spatially structured random effects in the disturbance process, the SEM
assumes spatial autocorrelation only in the unobserved random part of the specifica-
tion. The SEM in matrix notation is defined as follows:

y = Xβ + u,

u = λW u + ε.
(3)
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where λ measures the strength of the spatial dependence in the spatial lag of the error
terms, and each error term ε is normally and identically distributed with a zero mean
and a variance σ 2.

A more complex spatial dependence structure is introduced in the SP. As
Valente et al. (2005) emphasized, standard spatial econometric techniques (i.e., SAR
and SEM) can have practical limitations as the correlation between locations is solely
dependent on the initial definition of W and the inversion of W during the estimation
procedure. The Spatial Process, on the other hand, is more flexible in that it allows
modeling of complex spatial dependence structures beyond the standard approach.
In our research, we followed geostatistical modeling techniques. Our spatial process
model is of the following functional form:

y ∼ N
(

Xβ, τ 2 IN + σ 2 H(φ)
)

, (4)

where τ 2 is called the nugget; σ 2, the partial sill; and φ, the decay parameter. The
spatial connectivity structure is embedded in the covariance function C(h) = σ 2 H(φ).
More specifically, the n × n spatial correlation matrix H is defined by an isotropic
function which depends only on the distance between locations, but is independent of
the direction. In fact, the covariance function C(h) between any two locations si and
s j depends only on the separation vector h. We model the covariance function using
the Matérn form which is defined as follows:

C(h) =
{

σ 2

2ν−1
(ν)
(2

√
νhφ)ν Kν(2

√
νhφ) if h > 0

τ 2 + σ 2 otherwise
(5)

where the parameter ν controls the smoothness of realizations and φ is the spatial
range parameter. The functions 
(.) and Kν are the gamma function and the modified
Bessel function of order ν, respectively. Depending on the parameter ν, the Matérn
form can encompass different classes of covariance functions, including the exponen-
tial covariance function (ν = 1/2) and the Gaussian covariance function (ν → ∞).
The Matérn covariance function is crucial for the described SP in that it allows the esti-
mation of the smoothness parameter ν. The differentiability of this function influences
widely the outcomes of predicted values. Thus, choosing a suitable information prior
for ν for the Bayesian estimation procedure is of major importance. Despite its more
complex functional specification, the SP’s significant advantage over the SAR and
SEM models is that it allows the user to estimate the distance over which the spatial
correlation is defined. The use of a separate covariance function, however, increases
the computational complexity within the SP specification, as the spatial dependence
between locations is not defined anymore through a sparse spatial weight matrix (see
LeSage and Pace 2004). More specifically, the number of necessary computations
increases to n3 for n observations. To overcome indicated computational hurdle, we
follow closely Banerjee et al. (2008) spatial predictive process approach for large data
sets. The basic idea of the predictive process is to reduce the dimension of the covari-
ance matrix by selecting a smaller data set with m representative observations from
the originally observed n data points. The key is to select a small enough data set to
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simplify the computational process, while containing enough information to estimate
the underlying spatial process for the full data set of n observations. We will refer
again to this selection process of representative locations in the section on predictions.

We have given preference to the Bayesian estimation procedure over more tradi-
tional estimation procedures, for instance, Maximum Likelihood, as these procedures
cannot estimate the smoothness parameter ν in the spatial process (see LeSage and Pace
2009, for further information about the estimation procedure). The remaining three
models were then estimated within the Bayesian framework to maintain comparability
among all individual model specifications. For the Bayesian estimation process, the
following hierarchical specifications were applied: the parameters β are all normally
distributed, but non-informative. The measures for the strength of the spatial depen-
dence, λ and ρ, as well as the range parameter φ, follow uniform distribution. We
assigned inverse gamma priors for σ 2 and τ 2. Of course, all parameters are assumed
to be independent. For assigning a prior for the smoothness parameter ν in the Matérn
correlation function, we were guided by the fact that data seldom suggest a prior for ν

of orders greater than 2 and accordingly assigned a uniform prior distribution of (0, 2)
for ν. We further follow closely Banerjee et al. (2008) and define a lower cut-off value
of 0.05 in the variance–covariance matrix for the effective range of the spatial depen-
dence. In other words, correlations of less than 0.05 do not suggest significant spatial
dependences and are therefore replaced by zeros in the matrix. Lastly, we implement
a vague prior on φ with a uniform distribution that is defined on the interval (0.5, 30)
and which corresponds to an effective spatial range between 100 and 6,000 feet for
ν = 0.5. We use the Deviance Information Criterion (DIC, Spiegelhalter et al. 2002)
as our Bayesian model selection criterion to compare our four presented models with
each other. The DIC is well suited whenever Markov Chain Monte Carlo simulations
were used to obtain posterior distributions of the models. As such, the DIC is easily
calculated from posterior samples and should be used only with Gaussian likelihoods
such as described here. The DIC is defined as the sum of the deviance (a measure of
model fit) and the effective number of parameters (a penalty term for model complex-
ity). Lower DICs indicate better model performance and are preferred.

5 Analysis and discussion of empirical results

A cross-comparison of the DIC across all four empirical models highlights the superior
overall model fit of the spatial process which has by far the lowest DIC with −2,701.7
(Table 3) and as such is our preferred model.4 The SEM and the SAR model perform
very similar as indicated by their DIC of −2,690.9 and −2,691.5, respectively. All
three spatial model variants outperform the standard OLS model, which has the highest
DIC with −2,660.2.

Turning to the parameters for the structural, neighborhood, and school district
variables in Table 3, we conclude that all estimated parameters have the expected signs.

4 Markov Chain Monte Carlo estimation results are based on a simulated chain where the first 5,000 samples
are discarded as a ‘burn-in’ period, followed by 15,000 iterations that were collected to produce posterior
summaries for the parameters of interest.
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The median household income by Census block group variable, however, is statistically
insignificant in the SAR model. In addition, three of the explanatory variables are
statistically insignificant in the SP model: the exterior wall structure (BRICK), the
percent of property value that is class 2 (NONRES), and the distance to the Central
Business District (CBDDIST). However, the SAR results are not directly comparable
to the SEM and SP results, and precaution is thus necessary with respect to their
interpretation. In fact, the SEM and SP specifications do not account for spillover
effects onto neighboring properties. As such, a change in an explanatory variable in
the SEM and SP models leads to a change only in the price for one particular property.
Because of the presence of the inverse matrix (In −ρW )−1 in the reduced form of the
SAR specification, spillover effects onto neighboring properties are implicitly included
when changing an explanatory variable for a given location as specified in the spatial
weight matrix W . To account for these spillover effects, LeSage and Pace (2009)
propose a scalar summary measure that is composed of a direct plus an indirect effect,
which allow further insight into the magnitude of the feedback effects through the
spatial connectivity structure. The direct, indirect, and total effects for the SAR model
are shown in Table 4 below. For instance, adding 100 square feet to the footprint of
the structure would directly increase its value by 3.07 %, but also significantly impact
the neighboring house prices by the magnitude of 1.2 %.

Regarding the Little Miami Scenic Trail, we can conclude that access to the trail
does have a significant effect on single-family residential property values as long as
these lie within 10,000 feet network distance to one of the twenty-three trail entrances.

The average residential property in our market value sample sold for $263517 and
lies 5,772 feet away from the nearest trailhead. For the Spatial Process model, reducing
the average property’s distance to the trailhead by 1 % (or 58 feet) is equivalent to an
increase in its market value by 0.000875 % (or $230.6). In other words, for every foot,
a property is closely located to a trailhead, its value would increase by $3.98. For the
same mean property value, the SEM and the SAR model show percent increases in
house prices of 0.00046 and 0.0062 %, respectively.

Using Rosen’s hedonic pricing method allows us to establish an empirical rela-
tionship that predicts the price of a residential property as a function of structural,
neighborhood, and environmental characteristics. With respect to the primary focus
of our study, we can now estimate an individual’s “willingness to pay” (WTP) for
having better access, that is, for being closer located to one of the numerous trail-
heads, to the Little Miami Scenic Trail. The individual’s WTP to live closer to the
trail constitutes an important benefit of the trail, which can be part of a cost-benefit
analysis of the trail.

In addition to increased WTP, there are numerous other benefits, including improved
health for trail users, stimulation of local economic development through increase in
tourist spending, increase in community identity and pride, etc., which are beyond the
scope of this analysis. Nevertheless, we would like to provide an evaluation of the
total trail-related benefit in terms of property values for each school district, closely
following Kiel and Zabel (2001). Calculating the individual WTPs for each school
district and then multiplying them by the number of properties provide us with an
estimate of the benefit of the trail on residential properties by school district. There
are five different school districts lying in our study area: Mariemont, Indian Hills,
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Loveland, Sycamore Community City, and Forest Hills Local that share the total
trail-related benefit in the amount of $39.3 million. Seventy-nine percent of the total
residential properties included in our study lie in one of the three larger school dis-
tricts, for example, Mariemont, Indian Hills, and Loveland, the main beneficiaries of
the trail. Following our calculations, the area of the Mariemont school district (see
Fig. 1) receives the highest economic benefit from the trail with an estimated increase in
property values of $16.3 million. Second is Indian Hill with a total benefit in increased
property values of $10.5 million. Loveland, which has the largest number of relatively
lower priced properties, still receives a total benefit of $8.6 million. The two other
school districts, Sycamore Community City and Forest Hills Local, would have a ben-
efit of $6.2 million and $0.7 million, respectively. Applying the different tax rates for
each school district would generate a total revenue of $2.5 million for the study area.

With respect to the structural characteristics, we find that adding 100 square feet to
the footprint of the mean-priced house adds between $7,906 and $8,696 (3.0–3.3 %),
depending on which of the three model results we use. A 1-year increase in age of
house, on the other hand, reduces the house price by $474 to $746 (0.180–0.283 %)
and as such indicates a minimal influence of age on housing values. Also, the lot size is
of lesser influence and adds a marginal $105 to $128 (0.04–0.05 %) to the mean house
price for adding 100 square feet to it. Further, a full basement adds as much as 2.0–5.1 %
to house prices, while an exterior brick wall adds another 3.0–5.2 % to it. However,
we view the fireplace result (i.e., 21.1–28.0 %) with much reservation, as it can be
argued that the fireplace result is a proxy for other non-included explanatory variables.
Though results in this magnitude for qualitative indicator variable estimates are not
unknown, their interpretation differs as they only refer to an upward or downward shift
of the intercept. Confirming to prior expectations, the neighborhood and the school
district are significant determinants of house prices. According to the spatial process,
an increase in median household income by $10,000 adds as much as $5,876 to the
mean house (2.23 %). Using the State of Ohio 9th grade math test rate and the gross tax
rate by school district as indicators for the quality of the school districts, our results
show clearly a positive relationship with house prices. More specifically, a 1-point
increase in the 9th grade test rate and a 1-mill increase in the gross school tax rate are
equivalent to a 3.2–5.2 and 0.5–0.7 % increase in house prices.

Our empirical results do further support the hypothesis of spatial dependence in
house prices as shown in the results of the three spatial model specifications. Com-
paring the spatial strength parameters of the two spatial econometric models reveals
that the strength of the spatial dependence λ in the SEM and ρ in the SAR model
are significant and positive with estimated values of 0.57 and 0.29, respectively. With
respect to the error structure of the Spatial Process, Table 3 shows that all four of
the relevant parameters are statistically significant as well. The estimated partial sill
(σ 2)—part of the spatial error component—is 0.721 at its mean and is statistically
significant at the 5 % level (p value = 0.031). The nugget (τ )—the non-spatial error
component—is 0.038 and statistically significant at the 1 % level (p value = 0.000).
Comparing the partial sill to the nugget for h = 0, which refers to the main diagonal of
C(h) and denotes the variance in Y , implies that the spatial and non-spatial error com-
ponents are approximately of equal importance. The parameter ν estimate, a reflector
of the smoothness of the spatial process, is 1.167. Comparing this estimate of 1.167 to
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ν values of 0.5 for the traditional exponential distribution, we conclude that our esti-
mated covariance function is smoother than an exponential specification, but not as
smooth as the Gaussian specification. The parameter φ, which controls for the decay
in the spatial correlation, has an estimated value of 12.9. This estimate reveals a rather
small range over which the spatial correlation is defined. For instance, using the two
closed forms of the Matérn correlation function for ν = 0.5 and ν = 1.5, we obtain a
range of 233 feet and 368 feet, respectively. Given the high level of heterogeneity in
house prices that exists between the neighborhoods along the trail, this strong decay
of spatial correlation was somewhat expected.

6 House price prediction

The prediction of the housing price for any location in the study area using estimated
predictors is quite intuitive from a Bayesian point of view. This spatial process is a
widely used prediction technique as its estimation is based on a sampling scheme. In
other words, the estimation of the full posterior predictive distribution for any desired
location conditioned on the observed distribution can be accomplished through the
use of a set of representative sample locations: the knots. For this study, we implement
a prediction technique first introduced by Banerjee et al. (2008) and subsequently
improved by Finley et al. (2009) to forecast the house prices near the trail entrances.
A modified predictive process is applied to large data sets in order to reduce the bias
for the non-spatial variance term τ 2. This is based on the reduction in the original
data set to a smaller representative set of knots through a process having spatially
adaptive variances, in order to guarantee adequate properties for the covariance of the
unobserved spatial effect for these sample locations. More specifically, we modified
the predictive process by randomly selecting 558 knots from existing locations and
then performed the spatial predictions with respect to the nearest trail entrances.5

Figure 2 shows the distribution of the observed house prices and the distribution of
the estimated house prices (in log) for the parcels around the entrances.

The fact that house prices can be predicted for the sample locations, results in an
estimated property value surface map, which, in return, allows us then to obtain the
property prices for any property that lies on the map. The contour lines are computed
using bivariate linear interpolation. For comparison, the predictions for each trail
entrance are presented in Table 5 below.

Housing prices can be predicted at arbitrary locations, and hence, new property
prices can be obtained through an estimated property value surface. The contour lines
are computed using bivariate linear interpolation. Predictions for each entrance are
presented in Table 5.

According to Fig. 2, we identify the highest predicted property values with a mean
value of $581,287 [(exp(13.272)] around the third trail entrance in the Village of
Mariemont, Ohio. With a mean value of $442,856 [exp(13.001)], the second highest

5 Since the spacing of the locations is relatively irregular, we could use a space-covering design (see Royle
and Nychka 1998). To overcome this issue, we implement a larger numbers of knots making sure that results
are robust to the selection of knots.
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Fig. 2 Observed and predicted housing prices (in log) around the trail entrances

Table 5 Prediction for property values around trail entrances

Entrances 2.5 % Mean 97.5 % Entrances 2.5 % Mean 97.5 %

Entr.1 11.636 12.747 13.923 Entr.13 10.798 12.139 13.455

Entr.2 11.781 12.808 13.854 Entr.14 10.822 12.102 13.436

Entr.3 12.163 13.273 14.306 Entr.15 10.524 11.724 12.932

Entr.4 11.876 12.836 13.747 Entr.16 11.133 12.323 13.505

Entr.5 12.005 12.921 13.879 Entr.17 10.768 11.812 12.862

Entr.6 11.918 12.965 14.021 Entr.18 10.513 11.765 12.944

Entr.7 11.881 12.923 13.981 Entr.19 10.693 11.768 12.846

Entr.8 11.542 12.817 14.085 Entr.20 10.601 11.762 12.852

Entr.9 11.892 13.001 14.143 Entr.21 11.317 12.594 13.919

Entr.10 11.777 12.987 14.067 Entr.22 11.378 12.596 13.779

Entr.11 10.775 12.261 13.565 Entr.23 11.516 12.620 13.913

Entr.12 10.907 12.182 13.633

predicted property prices are in close proximity to the ninth trail entrance in the Village
of Indian Hill. The lowest predicted valued properties with a mean value of $123,500
[exp(11.722)] lie around the fifteenth trail entrance in the City of Loveland. The
comparison of observed and predicted house prices in Fig. 2 confirms our findings.
Comparing predicted house prices in Table 5 with the summary statistics of observed
prices in Table 2, we observe a smoothing out effect as predicted values do not show
extreme outlying house prices as indicated in the summary statistics. Though we
present a contour map of predicted house prices, we want to emphasize that this

123



Understanding the impact of trails on residential property values 373

prediction process allows us to obtain a joint predictive distribution for any location
around the trail based on the means of the associated predictive distributions.

In a last step, we measure how well centered our predicted results for the OLS and
the SP specifications are. To do so, we compare the OLS with the SP predictions using
the value of mean square predictive error (MSPE)

∑n
i=1[(Ŷi − Yi )

2]/n. For Yi , we
randomly selected 80 % of the original observations, while the remaining 20 % of the
sample data (i.e., the hold out data) were used for our predictions and refer to Ŷi . Our
results show a MSPE for the OLS model as 0.0482, compared to a MSPE of 0.0405
for the spatial process. We conclude that using the SP specification is preferred over
the OLS specification as indicated by the significant reduction in the predictive SSE.
In other words, the predicted house prices in the SP specification are closer to the
observed values than for the OLS specification indicating the superior performance of
the spatial process.

7 Conclusion

It is well documented in the relevant literature that location matters for home buyers
and as such is a major component in determining property values. In the presented
paper, we showed that multi-purpose trails have a significant influence on the price
of houses when they lie within close proximity to the trail, where the distance to the
trail is calculated based on street network distances. More specifically, we estimated
the influence of the Little Miami Scenic Trail in Hamilton County, Ohio, to devalue
the average priced house in our sample by $3.98 when moving away from the trail by
one foot.

In this paper, we compared the estimation results of four different procedures within
the Bayesian framework. Overall, we conclude that all spatial model variants outper-
form the non-spatial OLS specification. In addition to the more widely used SAR
model and the SEM, we implemented the Spatial Process (SP). This more recent geo-
statistical specification has been developed specifically to be used with larger data sets,
while at the same time, implicitly modeling the underlying spatial structure in the data
set. In this sense, the SP allows the implementation of a functional form which helps
to understand the spatial relationships between properties based on distances from one
another. Our results indicate that the Spatial Process improves the estimation results
when compared to the more traditional spatial econometric models. However, the SP,
like the SEM falls short of capturing spillover effects between neighboring properties,
whereas the SAR model does capture these direct and indirect effects.

In the last section of the research, we presented a house price contour map for
our study region. In other words, we predicted, based on a selection of representative
knots, the conceptual prices for all properties included in our sample around all 23 trail
entrances. Using the MSPE as a performance criteria, we show that the SP predictions
of house prices are closer to the observed values than using the OLS predictions.

We conclude our research with the finding that trails do have a significant impact on
the prices of surrounding properties. While we were able to account for spatial depen-
dence in our sample data, we suggest that future research employs a more dynamic
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setting with time-dependent variables and house prices being influenced by their neigh-
boring properties.
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Introduction

At it’s peak, the U.S. railroad network extended for almost 300,000 miles.
More than half of this remarkable system has since become superfluous
and in the latter half of the 20th century more than 2,000 miles of track
annually have been abandoned or left unused by the railroad companies.

Since the early 1960’s, efforts to preserve this part of our national industrial heritage
have taken hold in community after community and more than 10,000 miles of former
rail line have been opened as multi-use trails. In every state except Hawaii, people are
bicycling, walking, running, in-line-skating, snow-mobiling and horseback riding on more
than 950 rail-trails and there are plans for an additional 1,200 rail-trails stretching a
further 18,000 miles.

While rail-trails are hugely popular and successful once they
are open, during the development phase trail promoters often
have to answer a wide range of concerns that local residents may
have about the impact of the proposed trail on their community.
Stories of trails attracting drug dealers, murderers and rapists
are perpetuated by trail opponents with only a handful of
newspaper headlines to back up their assertions rather than
empirical research. Despite numerous studies that have concluded
rail-trails do not generate crime, concerns persist and fear of the
unknown continues to provide fertile ground for trail opponents.
The research that has been conducted, along with anecdotal
evidence, suggests that converting an abandoned rail corridor to
a trail actually tends to reduce crime by cleaning up the land-
scape and attracting people who use the trail for recreation and
transportation.

Recognizing the need to address these concerns, Rails-to-
Trails Conservancy (RTC) conducted a survey of all rail-trail managers in an effort to
document the level of crime on trails and identify the mitigation measures used by trail
designers and managers. The objectives of this study were threefold: 1) to document the
levels of crime on urban, suburban and rural rail-trails with current statistics and compre-
hensive data, 2) to examine trail management strategies that can mitigate crime and
improve trail safety, and 3) to put crime on trails in perspective. A summary of past studies,
our methodology, results, recommendations and several case studies follow.

…converting

an abandoned rail

corridor to a trail tends

to reduce crime by

cleaning up the land-

scape and attracting

people who use the trail

for recreation and

transportation.
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Previous Research

Four separate studies conducted between
1979 and 1997 concluded that rail-trails
do not increase crime.1

A study of  the Burke-Gilman Trail in Seattle,
Washington relied on interviews with local police
officers and residents adjacent to the 12-mile
urban rail-trail. The study found that incidents of
vandalism and burglary did not increase as a result
of the trail. To the contrary, the rate of vandalism
and break-ins to adjacent property was well below
the neighborhood average. Police said that they did
not anticipate crime being a problem as long as
motor vehicle use on the trail was prohibited,
citing that the separation of a criminal from his/
her escape vehicle as being a primary deterrent.

In the Minnesota study, the Department of
Natural Resources interviewed property owners
near the proposed Root River Trail in southeastern
Minnesota and the proposed Soo Line Trail in
eastern Minnesota. The study also interviewed
property owners adjacent to the existing Douglas
Trail near Rochester and the Heartland Trail in
northern Minnesota. The study concluded that
residents adjacent to existing rail-trails experienced
much less crime than was anticipated by residents
near proposed rail-trail projects.

A National Park Service study of the 26-mile
Heritage Trail in rural Iowa, the 16-mile St. Marks
Trail through small communities in Florida, and
the 8-mile Layfayette/Moraga Trail in suburban
San Francisco found that property owners experi-

enced relatively few problems resulting from the
existence of a rail-trail. Most adjacent property
owners reported that rates of vandalism, burglary
and trespassing had remained the same or de-
creased since the opening of the trail. The majority
of property owners interviewed in the National
Park Service study reported that living near a trail
was better than they expected and also better than
living near unused rail corridors.

A recent survey of residents near the Mohawk-
Hudson Bike-Hike trail in New York asked respon-
dents to comment on twelve potential problems
that could arise from the trail. The respondents
ranked each potential problem on a scale of one to
five, with one being “not a problem” to five being
a “major problem.” The items that were ranked
highest as being a major problem were litter (14%
of respondents), illegal motor vehicle use (12%),
and disruptive noise from the trail (12%). For these
three items the percentage of users who indicated
that these were not a problem at all was 41%, 44%,
and 45%, respectively.

All four studies found that while some
residents were apprehensive about rail-trail projects
most did not experience problems after the trail’s
opening. In fact, many became users of the trail
and the majority recognized the trail’s economic
and health benefits to the community. The Burke-
Gilman and the National Park Service studies both
found rail-trails to have a slightly positive effect on
property values in adjacent neighborhoods, further
testimony to the safety and benefit of rail-trails.
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Methodology

RTC used several methods of data collec-
tion for this report.

In January 1997, RTC mailed surveys to the
managers of all known open rail-trails (861) in the
United States based on contacts maintained in
RTC’s database of rail-trails. This survey asked trail
managers to report any crimes against persons or
property committed on their trails during the years
of 1995 and 1996. The survey listed several types of
crime in each category for the respondent to
consider. The survey also asked questions regard-
ing the use of such safety features as lights, phones
and posted warnings. Finally, the survey asked

about the existence, mode and frequency of trail
patrols.  From this effort, RTC received 372 usable
responses, a 43% response rate, reflecting a diverse
set of trail types, lengths and geographic locations.
Trail types included 36 urban, 81 suburban and
255 rural trails.2 The length of these trails ranged
from one-fifth of a mile to 145 miles. Geographic
representation was quite broad with 38 of the 49
states that currently have at least one rail-trail
responding.

In June 1997, RTC collected supplementary
statistical and anecdotal information on the impact
of rail-trails upon local crime. Using contact
information provided by survey respondents, RTC
sent letters to thirty local law enforcement agen-
cies3 with questions regarding impact of the rail-trail
on crime, the presence of trail users as a crime
deterrent and comparisons of crime on the trail to
the crime in surrounding areas. Twelve of these
agencies
responded, a 40% return, with letters regarding
the safety of rail-trails. Finally, in July 1997, RTC
conducted phone interviews with several coordina-
tors of volunteer and professional rail-trail patrols
to discuss the operation of their patrols. RTC
compiled information on the organization, objec-
tives and success of seven urban, suburban and
rural trail patrols.

A local patroler makes his rounds on the Illinois Prairie Path.
(Jean Mooring)
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The summarized results appear in the
following four sections, major crimes,
minor crimes, design strategies and trail
patrols.

Major crimes are, defined for the purpose of
this report, as those crimes against persons includ-
ing mugging, assault, rape and murder. Minor
crimes are those against property including
graffiti, littering, sign damage, motorized trail use,
trespassing and break-ins to adjacent property.
Quotations from law enforcement letters are
included in the text where appropriate. The
complete text of the letters appears in Appendix A.

Figures for the actual number of incidents of
crimes against persons are reported whereas the
incidents of property crimes are expressed by the
number of trails reporting any occurrence during
the year. This was done because of the difficulty in
quantifying some of the types of minor crimes
such as litter or graffiti incidents.

Overall, results from the study indicate that
rail-trails are safe places for people to be. The study
also found that trail managers often employ
preventative design strategies and patrols to reduce
the possibility of crime and improve the efficient
management of the trail.

Major Crimes

Out of 372 trails included in this study, RTC
found only eleven rail-trails in 1995 and ten rail-
trails in 1996 which had experienced any type of
major crime, 3% of responding trails.

“The trail does not encourage crime, and
in fact, probably deters crime since there

Study Findings

are many people, tourists and local
citizens using the trail for many activities
at various hours of the day.”

— Pat Conlin, Sheriff
Green County, Wis.

These figures are very low considering the
372 trails surveyed cover nearly 7,000 miles of trail
and more than 45 million estimated annual users.4

Letters from law enforcement agencies support
these findings. They consistently report that rail-
trails do not encourage crime; rather, several
letters cited heavy trail usage as a crime deterrent
in areas of former isolation:

“The trail has not caused any increase in
the amount of crimes reported and the
few reported incidents are minor in
nature...We have found that the trail
brings in so many people that it has
actually led to a decrease in problems we
formerly encountered such as underage
drinking along the river banks. The
increased presence of people on the trail
has contributed to this problem being
reduced.”

— Charles R. Tennant, Chief of Police,
Elizabeth Township, Buena Vista, Pa.

Following is a summary of major crimes on
rail-trails by urban, suburban and rural areas as
well as a comparison to national crime figures.
Although directly comparable statistics were not
available, violent crime rates from the FBI’s 1995
Uniform Crime Report provide some comparison
by showing the number of crimes per 100,000
inhabitants in urban, suburban and rural areas.5

When compared to rates of rail-trail crime, these
figures provide a sense of how infrequently crimes
on rail-trails occur.  The results are presented in
Table 1 and followed by discussion.
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Table 1
Comparisons of Incidence Rate of Major Crimes on Rail-trails

to U.S. Crime Rates.

Major Crimes on Rail-trails
Urban Rail-Trails

RTC found the crime rates on urban rail-trails to be very low compared to the national crime
rate for urban areas. Note that one urban trail located in South Boston, Massachusetts is
where the majority of personal crimes were experienced:

� Each year, an estimated 5 million people use the 36 urban rail-trails surveyed,
covering 332 miles.

� The national rate of urban muggings is 335 per 100,000 inhabitants6; two urban rail-
trails reported muggings (26 incidents) in 1995 and only one trail reported muggings
(15 incidents) in 1996.

� The national rate of urban assaults is 531 per 100,000 inhabitants; only three urban
rail-trails reported assaults in 1995 (29 incidents) and 1996 (17 incidents).

� The national rate of forcible rape in urban areas is 43 per 100,000; one urban rail-
trail reported two rapes in 1995 and no rapes were reported in 1996.

� The national urban murder rate is 11 per 100,000 urban inhabitants; one urban rail-
trail reported two murders in 1995. None of the urban rail-trails reported murders
for 1996.
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Suburban Rail-Trails

RTC found crime rates on suburban trails to be even lower than on urban rail-trails. The rate
of crime on rail-trails was also low compared to national statistics of overall suburban crime.

� An estimated 14 million people use more than 1,100 miles of trail on the 82 subur-
ban trails surveyed.

� The national rate of suburban muggings is 102 per 100,000 inhabitants; none of the
suburban rail-trails reported muggings for the year of 1995 and only one mugging
was reported in 1996.

� The national rate of suburban aggravated assaults is 293 per 100,000 inhabitants;
three assaults occurred on three suburban rail-trails in 1995 and only two assaults
occurred on suburban rail-trails in 1996.

� The national rate of suburban rape is 29 per 100,000 persons; none of the suburban
rail-trails reported a rape in 1995 or 1996.

� Nationally, four murders per 100,000 inhabitants occur in suburban areas; there were
no reports of murder on suburban rail-trails in 1995 or 1996.

Rural Rail-Trails

Major crimes occurred with even less frequency on rural rail-trails than on urban or subur-
ban ones. These rates are also low compared to overall rural crime rates.

� There are an estimated 26 million annual users on the 254 surveyed rural trails
covering 5,282 miles.

� The national rate of mugging in rural areas is 19 per 100,000 inhabitants; none of the
rural rail-trails reported muggings in 1995 and only one reported an incident in 1996.

� The national rural rate of aggravated assault is 203 incidents per 100,000 persons;
only three rural rail-trails reported three assaults in 1995 and the same number in
1996.

� Nationally, there were 26 forcible rapes per 100,000 rural inhabitants; two rural rail-
trails reported rapes in 1995 and one trail reported a rape in 1996.

� The national murder rate for rural areas is 5 per 100,000; none of the rural rail-trails
reported a murder over the two year period.

���
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Minor Crimes

According to our survey findings, only one-
fourth of the rail-trail managers reported any
type of minor crime, such as graffiti or littering
and these problems were quickly corrected as
part of routine trail management. The data
indicates the occurance of each infraction rather
than the actual number of incidents.

Letters from law enforcement officials
attest that the actual volume of incidents such as
graffiti, littering, sign damage and motorized
use were minimal. In fact, one letter noted that
litter was virtually nonexistent on a section of
converted rail, but was overwhelming on portions
which had not been converted to trail, again
highlighting the benefits of converting an aban-
doned rail corridor to a trail:

“My family and I took part in a community
clean-up day. ...By the end of the mile and
a half, we had found ONE piece of litter
almost too small to have noticed. ...once
you leave the path and continue where
the railway line had been, the trash and
graffiti are overwhelming.”

— Ross L. Riggs, Chief of Police
Louisville, Ohio

Moreover, RTC found that the majority of the
property crimes committed on rail-trails had only a

minor effect on the trail and usually did not harm
adjacent private property. The following letter
indicates that trails make good neighbors.

“Since the trail was constructed and
opened for use we have found that the
trail has not caused any inconvenience to
property owners along the trail. The
residents seem to enjoy having the trail
near their homes.”

— Charles R. Tennant Chief of Police,
Elizabeth Township, Buena Vista, Pa.

A breakdown of the property crimes commit-
ted on rail-trails in urban, suburban and rural areas
in 1996 and some comparisons to national averages

follow.7  The results are presented in
Table 2 and followed by a discussion.

Figure 1

Many trails close at dark and patrols help to clear them. (Karen Stewart)



8 RAILS-TO-TRAILS CONSERVANCY

Table 2
Comparison of Incidence Rate of Minor Crimes on Rail-trails

to U.S. Crime Rates & Percentage of Trails Reporting Types of Crime in 1995.

Urban Rail-Trails

Very few incidents directly affecting urban property owners occurred.

� The national rate of burglary in urban areas is 1,117 incidents per 100,000 inhabit-
ants; none of the urban rail-trails reported burglary to adjacent homes in 1996.

� Only 5% of urban rail-trails reported trespassing

�  26% of the urban rail-trails reported graffiti.

�  24% of the urban rail-trails reported littering.

�  22% of the urban rail-trails reported sign damage.

�  18% of urban rail-trails reported unauthorized motorized use.
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Suburban Rail-Trails

Incidents of graffiti and unauthorized motorized usage occurred less frequently on suburban
rail-trails than on urban ones. The number of suburban trails reporting crimes directly
affecting adjacent property owners was significantly lower than the rates of trail vandalism.

� The national rate of suburban burglary is 820 incidents per 100,000 inhabitants; only
one suburban trail reported a break-in to adjacent property in 1996.

� 3% of suburban trails reported trespassing.

� 17% of the suburban trails reported graffiti.

�  24% of the trails reported littering.

� 22% of the trails reported sign damage.

� 14% of the suburban trails reported unauthorized motorized usage.

Rural Rail-Trails

Rural rail-trails reported fewer incidents of graffiti than both urban and suburban trails.
Other incidents occurred at about the same rate. Again, crimes directly affecting adjacent
property were rare.

� The national burglary rate in rural areas is 687 incidents per 100,000 inhabitants;
only three of the rural trails reported a break-in to adjacent property in 1995 and
three in 1996.

�  4% of rural trails reported trespassing.

� 12% of rural trails reported graffiti.

�  25% of the rural trails reported littering.

�  23% of the rural trails reported sign-damage.

�  23% of the rural trails reported unauthorized motor use.

���
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Recommendations

Although this study shows that rail-trail
crime is rare, it is nonetheless a legitimate
concern for residents and trail users and
should be treated accordingly. There are
several methods for addressing such
concerns and minimizing the potential for
crime.

Encouraging trail use is one way to help
ensure trail safety, as the presence of other users
helps to minimized undesirable behavior. In
addition, trail users should exercise common sense
when using trails after dark and remain aware of
their surroundings at all times. Several other
mitigation strategies help suppress criminal
behavior and lessen the impact of incidents that do
occur. In particular, trail design features and trail
patrols are useful to keep in mind and recommen-
dations for their implementation are included in
this section. However since every rail-trail environ-
ment is unique, trail managers should assess the
need for these strategies on an individual basis.

Trail Design

Good trail design is an effective way of
promoting trail safety. In most cases, the design of
the trail should eliminate overgrown vegetation
and tall shrubs in order to minimize hiding places
along the trail and maintain long sight lines for
users. Trail managers may also choose to place
security lighting at trail heads and in parking lots
to improve trail safety. Emergency phones or call
boxes and emergency vehicle access are also
important safety features for some trails. Addition-
ally, keeping all trail corridors clean and well-
maintained increases the feeling of community
ownership of the trail and reduces the incidents of
minor crime such as litter, graffiti and vandalism.
Prohibiting motorized use of the trail deters
property crime.

RTC found that several trails utilized the
above design strategies in order to improve safety.
The survey found that at the trail head 18% of the
trails installed lights, 12% installed phones, and

From Trails for the Twenty-
First Century, edited by
Karen-Lee Ryan. page 132.
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51% posted warnings or rules for trail users. Along
the trail, 8% of the trails installed phones, 8% had
lights and 45% posted warnings or trail rules.
Unfortunately, the data collected in this survey was
too limited to explore the correlation between the
existence of design features and crime rates.

Trail Patrols

Volunteer or professional trail patrols are also
beneficial in improving trail safety. These patrols
range from informal monthly clean-up and mainte-
nance crews to daily patrols that provide maps,
information and emergency assistance. The
primary function of these patrols should be to
educate trail users and to provide assistance when
necessary.  They should also be equipped to alert
emergency services quickly if needed. Above all,
the presence of a patrol deters crime and improves
users’ enjoyment of the trail.

Bike patrol police on the Capital Crescent Trail, Maryland.
(Patrick Kraich )

According to survey results, the majority of
trails have some type of trail patrol. The survey
found that 69% of the urban rail-trails, 67% of
suburban rail-trails and 63% of rural rail-trails are
patrolled in some way. Local, county, and state
entities, park rangers and volunteers provide these
patrol services either alone or in combination.
RTC found that 20% of the trails have local law
enforcement patrols, 16% of the trails have county
patrols, 4% of the trails have state patrols, 9% of
the trails have park ranger patrols and 3% of the
trails have volunteer patrols. The dominant modes
of trail patrol are bike (26%) and car or truck
(33%). The study found that 82% of the trails have
access for emergency vehicles.

Trail patrol members are on hand at an evening event in
Gainsville, Florida. (Karen Stewart,)
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Trail Patrol Case Studies

There are many methods of organizing an
effective trail patrol. Depending on a
trail’s needs and available resources, a
daily, weekly or monthly patrol may be
appropriate.

Below are several examples of volunteer and
professional patrols and contact information for
their coordinators. These examples are only a few
ways to promote safety and improve users’ enjoy-
ment of rail-trails. Trail managers should be
creative in using “friends of the trail” groups, local
community organizations and law enforcement to
maintain and monitor local rail-trails.

Minuteman Trail
MAssachusetts

Several years ago as part of a public relations
effort, the Bedford Police began riding bikes along
the Bedford to Lexington portion of the Minute-
man Trail. Approximately a year and a half later,
they initiated a unique youth patrol, the Bedford
Police Explorers to assist them. After completing
first aid and CPR certification, the Explorers
began conducting daily patrols of the trail wearing
police t-shirts and carrying radios and first aid kits.
Both the police and Explorer programs have been
well received by the community. After seeing an
officer and several Explorers clearing debris from
the trail, one trail user wrote to the Bedford Police:
“I was so taken by this… by clearing the bike path,
now even more women, men, children of all ages
and people in wheelchairs can enjoy nature in the
path.” Contact Officer Jeff Wardwell at the
Bedford Public Safety Department for more
information on the Explorer program, (617) 275-
1212, ext. 125.

North Augusta
Greeneway
South Carolina

Approximately twenty professionally trained
police officers voluntarily patrol the three-mile
North Augusta Greeneway in rural South Carolina.
The effort began as part of a community policing
and physical fitness program of the North Augusta
Public Safety Department. Three to four times each
week, officers patrol the trail as they perform
walking, jogging or biking workouts. Captain Lee
Wetherington, coordinator of the patrol effort,
explained their objectives, “We try to show a
presence, deter illegal activity and provide first aid
or other assistance to trail users.” The patrol is a
creative way of keeping officers in condition for
duty while promoting trail safety at the same time.
For additional information about the patrol,
contact Capt. Wetherington at (803) 441-4254.

Pinellas Trail
FLorida

The 35-mile Pinellas Trail is patrolled daily by
one of the most extensive volunteer patrols, the
Pinellas Auxiliary Rangers. The Auxiliary Rangers
serve as uniformed ambassadors for the Pinellas
Trail, providing trail information, directions and
bicycle safety tips. More than 25 volunteers, 18
years and older, comprise the patrol and are
required to under-go background checks and
extensive training on trail history, public relations,
trail-riding, first aid and nutrition. The majority of
the volunteers patrol by bike and use cell phones
to communicate. Because the trail has not encoun-
tered many problems, an Auxiliary Ranger’s
primary role is one of educator rather than
enforcer. For more information, contact Jerry
Cumings or Tim Closterman at the Pinellas County
Park Department, (813) 393-8909.
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Youghiogheny River
Trail-North

Pennsylvania

Three local trail councils, headed by the
Regional Trail Corporation, coordinate monitoring
teams for the 23-mile Youghiogheny River Trail-
North in southwestern Pennsylvania. Each of the
trail councils oversees a team of approximately
twenty monitors patrolling primarily on bikes, but
also by foot and by horse. Easily recognizable in
their gold and black uniforms, monitors carry first
aid kits and, frequently, cellular phones to report
trail damage or injuries. Joe Honick, who instituted
this model monitoring program, explained their
usefulness, “The monitors serve as the eyes and
ears of the Regional Trail Corporation. They assist
trail users, explain trail rules and relay users’
suggestions and comments.”

Bob McKinley, Trail Manager of the Regional
Trail Corporation reported very few incidents of
trail damage or graffiti along the trail. “There is so
little vandalism, every piece seems like a major
item,” he said. The patrol program has been
successful in deterring such incidents. McKinley
commended the patrol efforts, “The patrols are
doing a great job. Their monitoring really does
make a difference.” For more information on the
trail’s monitoring program, contact Joe Honick of
the Mon/Yough Trail Council at (412) 829-0467.

Great River Trail
ILlinois

The Great River Trail Council uses several
groups to patrol its 28-mile trail passing through
urban, suburban and rural areas. The council
coordinates local bicycle and service clubs which
have an interest in assisting with trail patrol. Clubs
provide trail users with directions and look for
maintenance problems. In the summer months, at
least one group patrols during daylight hours and
police patrol the trail after dusk. For more infor-
mation, contact Patrick Marsh at the Great River
Trail Council, (309) 793-6300.

Baltimore and Annapolis
Trail Park

MarylanD

Approximately thirty volunteer Trailblazers,
ranging from age eleven to 78, patrol the 13-mile
Baltimore and Annapolis Trail. After receiving
three weekends of first aid, CPR, patrol technique
and park operations training from park rangers,
they take to the trail by in-line skates, bike or foot.
Trailblazers supplement park rangers’ daily patrols
by providing information to trail users, correcting
unsafe trail behavior and reporting their findings
to the park rangers. Trailblazers are able to quickly
identify and repair problem areas of litter or
graffiti helping to prevent further incidents from
occurring. For more information on the organiza-
tion or training of the Baltimore and Annapolis
Trailblazers, contact David Dionne, Park Superin-
tendent at the Anne Arundel County Department
of Recreation and Parks, (410) 222-6245.

Lafayette/Moraga Trail
CAlifornia

Several entities monitor the 8-mile Lafayette/
Moraga Trail in the San Francisco Bay Area,
including a maintenance team, the East Bay
Regional Park District Public Safety Department
and several volun-teer patrols. More than 150
equestrians, bicyclists and hikers comprise volunteer
groups who patrol the Lafayette/Moraga Trail and
other parks in the area. An officer from the Park
District provides each group with training and
organizes monthly meetings and speakers. In 1996,
volunteers provided over 40,000 hours of service to
the East Bay parks. For more information on these
patrols, contact Steve Fiala at the East Bay Re-
gional Park District,
(510) 635-0135.
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Rail Trails are not crime-free. No place on
earth can make that claim. However,
when compared to the communities in
which they exist, compared to highways
and parking lots, and compared to many
other public and private places, rail-trails
have an excellent public safety record.

Compared to the abandoned and forgotten
corridors they recycle and replace, trails are a
positive community development and a crime-
prevention strategy of proven value. By generating
lawful activities such as walking, running, bicycling
and in-line-skating, rail-trails are also bringing
communities together and reintroducing neighbors
to each other.

Trails are actually one of the safest places to
be and the incidence rate of crime on trails is

minor in comparison to other locations. Table 3
lists the percentage of rapes, robberies, and
assaults that occur in four locations. As these data
show, a park is actually one of the safest places to
be. Two to three times safer than being in a
parking facility or in your own home and many
more times safer than walking down the street.
These data help to provide some perspective of
personal safely in several types of locations in the
context of overall crime rates in the U.S. The result
being that parks are undeniably one of the safest
places to be.

In an attempt to add perspective to crime on
trails, John Yoder, President of the Friends of the
Pumpkinvine Nature Trail, Inc. in Indiana has
compiled crime and injury statistics for a variety of
circumstances to make the point that no human
activity is risk free. The entire contents of his list
can be found in Appendix B.

Rail-Trails as safe places

Table 3
National Crime Statistics by Location
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 Yoder concludes by asking “Does this mean
we should outlaw, eliminate, or ban any of these
places or activities?” Of course not! But as these
statistics demonstrate, every form of human
activity has some level of risk associated with it.
The question in judging any activity is understand-
ing the level of risk associated with that activity and
doing everything possible to minimize those risks.
Our society accepts approximately 40,000 highway
deaths every year because we believe the conve-
nience of highway travel is worth the risk. Simi-
larly, in 1992 there were 30 murders, 1,000 rapes,

Conclusion

With nearly 27,000 miles of open and
project rail-trail, Rails-to-Trails Conser-
vancy recognizes that addressing trail
users safety and trail neighbors concerns
about crime are critical to the creation of
a successful trail. This report has shown
that crime on rail-trails is not a common
occurrence.

Past studies, our survey results, letters from
law enforcement officials, and comparisons to
national crime figures all indicate that rail-trails are
safe places for local residents and visitors to enjoy.
While common sense and preventative measures
should be used on rail-trails to ensure the lowest
possible levels of crime, rail-trails remain much
safer than many other environments. The findings
of this report should reassure those with apprehen-
sions about trail projects that converting a former

rail corridor into a trail will have a positive rather
than negative effect on their community.

As the data in this report show, crime on rail-
trails is minimal. This becomes all-the-more
apparent when put in perspective with risks
associated with other activities. The way to mini-
mize crime on trails is to ensure that users exercise
proper safety precautions, keep the trail well
maintained, and boost trail use. Crime generally
does not occur in places where there are  lots of
people and few hiding places. Positive-looking
places tend to encourage positive behavior.

Crime occurs on roads, parking lots, in
shopping malls, office buildings, airports, and at
zoos. However, no one would rationally argue that
we shouldn’t build any of the above because crime
will occur there. The same should be true for
trails.

and 1,800 robberies on college campuses however,
most people believe that the rewards associated with
a college education are worth the risks involved.

It is important not to trivialize or deny that
bad things can happen on trails, however it is
equally important to keep in mind that the amount
of crime that occurs on trails as demonstrated by
the survey results as well as the data in Table 3
shows that crime on trails is minimal. As with any
activity, appropriate safety precautions should be
taken to minimize risk.
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Appendix A: Letters from Local Law
Enforcement Agencies
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2015/10 – E�ect of Greenways on

Property Values

Linking bike paths’ proximity to appreciation of real estate values and tax revenue

Studies have shown that real estate property values increase with proximity to bicycle paths.

People enjoy living close to bike paths and are willing to pay more for an otherwise comparable

house to be closer to one.  For example, the Monon Trail in Indianapolis, IN.  

Given two identical houses, with the same number of square feet, bathrooms, bedrooms, and

comparable garages-porches – one within a half mile of the Monon Trail and another further

away – the home closer to the Trail would sell for an average of 11 percent more.

Economic Bene�ts of Bicycle Infrastructure Investments – League of American Bicyclists

The LA Times Business Section published an article this weekend that shows that the value of

bicycle paths is not lost on those covering real estate. In an article with the helpful headline “On

the Market: Homes Near Bike Paths,” they feature six properties for sale located near close to

bicycle facilities. A brief description next to each photo mentions which bicycle path or trails is

nearby the property. The values range from just over $300,000 to 1.3 million, which in California,

quali�es as something for everyone.

On the Market, Homes near Bike Paths – Los Angeles Times

As we reported last month, paint and asphalt crews have been hard at work �nishing new two-

way lanes on the 10th Street corridor. The new dedicated biking lanes are only the �rst phase of

a 26-item project list approved by the City of Atlanta, expanding bike infrastructure from Monroe

Drive and … eventually running along Peachtree Street.

Complete George

http://www.advocacyadvance.org/site_images/content/Final_Econ_Update(small).pdf
http://latimesblogs.latimes.com/money_co/2010/05/on-the-market-homes-near-bike-paths.html
https://completegeorge.org/


But it’s hard to hear the implications for homeowners and house-hunters — either positive or

negative — over the public’s overwhelmingly triumphant bells and whistles. When bike-friendly

infrastructure breaks ground, how can we expect property values to respond?  As it turns out,

experts say sellers and buyers would be wise to welcome bike lanes.

Bike Lanes & Property Values: Is There A Correlation? – Atlanta Curbed

On April Fool’s Day, Fairfax Media posted a video a�rming that the new Sydney cycleways have

had a positive e�ect on property prices. It was no joke. It seems that having a bikeway right

outside your front door is good for your health and the value of your house.

Bike paths were placed a shocking third on a list of 39 features that homebuyers de�ned as crucial

in buying homes in a new community.

Vancouver saw a similar e�ect in 2010 with 65 percent of realtors using new bikeways as a selling

feature on a home.

Pittsburgh, whose bike lanes were added in 2007, found those lanes not only in�uenced

residential real estate activity, but ignited commercial and business activity as well.

In North Carolina, realtors found that 40 homes adjacent to the Shepherd’s Vineway Bikeway saw

property increases of $5,000 and up.

How Bike Lanes can Boost the Economy – This Big City, Vancouver

There has not been research into whether Hubway in particular boosts or de�ates property values

in Boston (and research into other bike-sharing programs tends to focus on more general

economic impacts, like commuting times and area bike sales). But there has been research on the

e�ects on property of bike paths/lanes, a cousin to bike-sharing programs. Basically, the verdict is

that they can only help the value of adjacent or nearby property.

In 2002, the National Associations of Realtors and Home Builders surveyed 2,000 homebuyers and

found that a path for biking, walking or jogging was ‘the second most important neighborhood

amenity, behind only highway access.’

Bikes, Bike Paths, and Home Values – Boston Magazine

New research suggests that “Complete Streets” — those carefully designed, multi-modal travel

corridors that often include, yes, bike lanes — can yield handsome returns on investment for cities.

Like millions, sometimes realized in no more than a year, because shared streets reduce collisions,

which in turn saves money on medical costs and property damage. And there’s more. These street

http://atlanta.curbed.com/archives/2013/08/08/bike-lanes-property-values-is-there-a-correlation.php
http://thisbigcity.net/how-bike-lanes-can-boost-the-economy/
http://www.bostonmagazine.com/news/blog/2011/12/01/huwbay-bikes-bike-paths-home-values/


alterations are also correlated with increased property values and even higher employment

numbers.

How Bike Lanes & Shared Streets Pay for Themselves, and then Some – Philadelphia Mag

If you are a homeowner lucky enough to have a property with a bike lane nearby, you are probably

going to see a sharp hike in the asking price for your home. However, now that you know the

bene�ts of the bike lane, the real question is whether you will want to sell your home after all!

Why Bike Lanes Make Your Property Prices Skyrocket – icebike.org

“The Port Authority should also explore the use of TIF to �nance essential infrastructure projects.

TIF is an increasingly common innovative �nancing mechanism used principally in redevelopment

or improvement projects, particularly around mass transit. TIF allows local governments to direct

a portion of identi�ed incremental tax revenue toward improvements in a specially established

district, often for the purpose of eliminating blight, providing economic development bene�t, or

expanding modal alternatives or capacity. Taxes on the increases of property values yield revenue

that is pledged to support a speci�c project or projects. TIF could present the Port Authority with

another �nancing tool that could spur otherwise stalled or unrealized projects that are unfunded

or underfunded.”

Keeping the Region Moving – PANYNJ

“Home values within one-third of a mile of the park increased 10% immediately following its

opening. This was not simply an overall increase in valuation of parks, or of real estate near the

west side of Manhattan, but was directly due to the new public good, the park, itself. The increases

in home valuations led to property taxes collected by the city in 2010 alone to nearly surpass the

cost of constructing the park itself.”

The High Line Park and Timing of Capitalization of Public Goods – Michael Levere

Neile Weissman, 2015

http://www.phillymag.com/citified/2015/03/26/how-bike-lanes-shared-streets-pay-for-themselves-and-then-some/
http://www.icebike.org/property-prices/
http://www.panynj.gov/pdf/SpecialPanelReporttotheGovernors.pdf
https://completegeorgebridge.files.wordpress.com/2020/12/the-high-line-park-and-timing-of-capitalization-of-public-goods.pdf
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