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a b s t r a c t

Several articles have theoretically and empirically verified favorable changes in the value (per square
meter) of properties near urban mass transit infrastructure. The main purpose of this study was to
demonstrate this effect under an unbiased specification using Geographical Information Systems (GIS)
and advanced econometric techniques (Pooled Cross Sections, Spatial Econometrics, Box-Cox
Transformation and Structural Change). Particularly, if the construction of the bus rapid transit (BRT)
infrastructure impacted the price market (per square meter or asking price) of the residential and
commercial properties in Bogota and Barranquilla (Colombia) with access to the BRT. Results indicated
the true private monetary or higher valuation of such properties, caused by public investment over sev-
eral years (1999–2011). This effect is conceived as a positive economic externality of the BRT projects.

� 2016 Hong Kong Society for Transportation Studies. Published by Elsevier Ltd. All rights reserved.

1. Introduction

The main anticipated impacts of the bus rapid transit (BRT)
systems, in the cities (of the developing countries) with more than
600,000 citizens, are: improved mobility through reduction of tra-
vel time, increased quality of life, and improved transport model
operations to adjust for its ineffectiveness (World Bank, 2004).
Also, the BRT systems are a major determinant for organizing
economic activity in cities’ geography (Redding and Turner, 2014).

The government, by means of public investment over the last
18 years (1999–2016) financed BRT projects in several Colombian
cities (Bogotá, Cali, Pereira, Cartagena, Barranquilla, Bucaramanga
and Medellin). This building strategy has become popular in other
worldwide locations including Mexico, Hong Kong, Seoul, Curitiba,
Chicago, Quito, India and Turkey (World Bank, 2004; Hidalgo and
Gutierrez, 2013; Hidalgo and Huizenga, 2013).

Various economic and social studies have estimated the mone-
tary values of the positive and negative externalities derived from
BRT projects. They have also conducted numerous ex-post
evaluations through cost-benefits analyses (CBA) to demonstrate
the substantial social benefits of public investment in infrastruc-
ture (National Department of Planning, NDP, 2012). Likewise, their
results have helped to draw fiscal instruments to continue financ-
ing new BRT projects in Colombia (World Bank, 2004).

As a result, several research projects have theoretically and
empirically verified the economic benefits (land-use strategy,
improving accessibility and reduction in air pollution) of construct-
ing or expanding transport innovation infrastructure (Urban rail
and BRT systems or Integrated Mass Transit Systems –IMTS–).
Bocarejo et al. (2012), Geetam and Deepty (2012), Perdomo and
Arzuza (2015), Moreno (2004), Perdomo et al. (2010), Sandoval
and Hidalgo (2004), Lleras (2003), Herbert et al. (2002), Vinha
(2005) and Bajic (1983) have analyzed the positive impact of BRT
and urban rail systems on road safety, reductions in traffic
accidents and crime rates, saving travel time, economic growth
and the positives changes on land-value and higher valorization,
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respectively, using indicators, statistics and econometrics
approaches.

Specifically, these studies confirm the favorable changes regard-
ing the value (per square meter) of the properties near to urban
mass transit infrastructure, using methods such as: Hedonic Pric-
ing Models (conventional and –HPM– spatial –SHP–), Difference
in Differences (DD), Propensity Score Matching (PSM) and other
quantitative approaches (e.g., Rodríguez and Vergel, 2013;
Perdomo, 2011, 2010; Rodríguez and Mojica, 2008; Perdomo
et al., 2007; Mendieta and Perdomo, 2007; Ardila, 2004;
Rodríguez and Targa, 2004; McMillen and McDonald, 2000, 2002).

Nevertheless, there are possible biases in the results due to
inconsistencies in research methods (Ordinary Least Square –
OLS–) or as a consequence of model specification errors, it is
caused by omitted relevant variables (Suparman et al., 2014;
Pace and LeSage, 2009), incorrect functional form, errors of mea-
surement and incorrect specification of the stochastic error term
or spatial autocorrelation –endogeneity– (see Greene, 2002, for a
review). These inconsistencies, possibly, directly affect the accu-
racy of results when determining the impact of the BRT infrastruc-
ture on residential and commercial property values (based on
Rosales et al., 2013, Ch. 1 and 2; Hill, 2013).

Owing to these factors, this study means to demonstrate this
impact but (unlike many past studies) under an unbiased specifica-
tion through the interaction of Geographical Information Systems
(GIS) and advanced econometric techniques (Pooled Cross Sections,
Spatial Econometrics, Box-Cox Transformation and Structural
Change over time –2006, 2008 and 2011–). In this manner, Box-
Cox is a technique that transforms a set of functions to stabilize
variance and its regression produces the most accurate estimates
of marginal attribute price (Cropper et al., 1998).

Structural Change Analysis, was used, because in Bogotá phase I
of the BRT infrastructure (Transmilenio) was completed in 2000
and its expansion began in 2002 (phase II and phase III –partially–
were finalized in 2008 at Bogotá) while for Barranquilla its phase I
(Transmetro) was finished in 2010 (World Bank, 2004).

The main avenue for this analysis will be through determining
the impact of the construction of the bus rapid transit (BRT) infras-
tructure on the market price (per square meter or asking price –
willing to accept, WTA–) of nearby residential and commercial
properties in Bogota and Barranquilla (Colombia). This paper orga-
nizes itself around several sections: Section 2 covers a literature
review while Section 3 defines the interaction of analytical
methodology (Pooling Cross Sections across Time, Hedonic Pricing
Models, Box-Cox Transformation, Spatial Econometrics and Struc-
tural Change). Section 4 holds research microdata and empirical
evidence, with a final conclusion taking place in Section 5.

2. Literature review

Previous studies conducted by many scholars of various
disciplines (economics, geography, urban planning and design,
business, finance and statistics) have shown favorable changes of
values of the properties near urban mass transit infrastructure
(e.g., Rodríguez and Vergel, 2013; Perdomo, 2011, 2010;
Rodríguez and Mojica, 2008; Perdomo et al., 2007; Rodríguez and
Targa, 2004; McMillen and McDonald, 2000, 2002), being prof-
itable to their landowners. This has led to lively academic discus-
sion, within which it is worth highlighting several aspects.

Krause and Bitter (2012) reviewed the association between spa-
tial econometrics, land values, and sustainability, listing a series of
articles. They focused their study on the expansion of spatial
econometrics, the recognition of the differences between land val-
ues and improvement values, and acknowledgment of value
premiums stemming frommore sustainable forms of development.

Krause and Bitter extensively reviewed literature on spatial
methods in valuation (spatial dependence and spatial heterogene-
ity), emergence of land values as a research interest (land values
indices, real estate value decomposition, price volatility, and values
leverage) and sustainability and property values (green building
premiums and the value of compact development). They concluded
that implementing and interpreting these topics is complex.

In spite of this, the empirical review to estimate changes in
property values located close to IMTS infrastructure in a city, using
quantitative techniques (HPM, SHP, PSM, DD, OLS, GIS and statisti-
cal comparisons –only with cross sections database–), is extensive
(see Geng et al., 2015; Seya et al., 2013; Yokoi and Asao, 2012; Liu
and Zheng, 2012; Perdomo 2011, 2010; Mendieta and Perdomo,
2007; Perdomo et al., 2007, Rodríguez and Mojica, 2008;
Rodríguez and Targa, 2004; McMillen and McDonald, 2002).

In addition, Kiel and McClain (1995) and Gibbons and Machin
(2005) were the pioneers using HPM, pooling cross sections across
time and DD to calculate declines (or favorable changes) in
residential property values near an incinerator or located close to
the IMTS system, respectively. Particularly, Gibbons and Machin,
textually argued that this ‘‘. . .less common approach uses cross
section time series data to implement a quasiexperimental or
difference-in-difference methodology to look at before-and after out-
comes in areas affected and unaffected by a transport infrastructure
change” (Gibbons and Machin, 2005, 150).

Although, the article of Gibbons and Machin is the only previous
study accommodating the interaction between pooling cross sec-
tions across time and DD to calculate the goal impact in this study,
there are no previous researches in which simultaneously using
GIS and advanced econometric methods to obtain the unbiased
effects in this paper.

Therefore, and unlike the literature review in this paper, inter-
action among several quantitative methods (GIS and advanced
econometric) were used to improve the estimation of the unbiased
effects of the BRT infrastructure (Transmilenio and Transmetro) on
the value of nearby residential and commercial properties in
Bogota and Barranquilla. The following section therefore contains
the conceptual framework of this paper’s analytical methodology.

3. Interaction of the analytical methodology

In accordance with the main purpose of this study and micro-
data available on property values (price per square meter), their
physical characteristics (total number of bedrooms, bathrooms,
garage, living rooms, living-dining rooms, kitchens, age, numbers
of floors and architectural finish), location in relation to private
and public equipment (minimum distance between the observed
property and the closest BRT station or its terminal, banks, univer-
sity, supermarkets, police station and fire station) and presence of
externalities (proximity to farmers’ markets, flood-prone areas, air
pollution and crime rates).

Furthermore is relevant to note that recent studies (Perdomo
et al., 2016) about economic segregation have used hedonic price
model to define implicit prices of the public goods amount (police,
fire station, parks and so on). Also in developing country (even
Colombia, Bogota and Barranquilla) is very important the police
station and fire station, due to the lack the public investment, poor
and insecurity, that is different to industrialized country, it is the
reason that these control variables are not typically seen in hedo-
nic price models. In addition, these variables are important because
they are similar to the effect of the BRT Infrastructure on property
price, when public investment has been to provide public goods
(police, fire station, parks and so on).

So, this work implemented the interaction of the following
methods: pooling cross sections across time (under structural
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