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Abstract: Studies of the impacts of rail-based mass transit systems on land values and real Article history:
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experimental research design looking at the anticipatory effects of the two lines of the Bogota February 17, 2025

Metro program on real estate market dynamics between 2007 and 2023. We used databases
generated by the private sector with new housing developments including housing unit
attributes and we estimated spatial variables and urban attributes associated with the location of
each real estate development project. Through hedonic price models with control variables that
incorporate attributes at different scales, our study estimates the effects of the Bogota Metro
Line 1 project (in construction since 2021) on prices per square meter of real estate
development projects over time. Results of the analysis suggest that the regulations
implemented by the city, establishing an 800-meter impact area along Line 1, have had positive
effects on real estate market prices after 2016, while results found no changes on real estate
development dynamics in terms of prices per square meter due to the announcements of the
planned second line of the metro project. We also included statistical analysis using isochrones
based on walking distances to future metro stations. We found that the positive effects are
taking place in all isochrones for the first line, while there are differences in the case of the
second line of the metro project. Based on these findings, we provide guidelines for future
research including public policy recommendations for the local and national government
regarding value capture opportunities associated with the announcement of large-scale rail
based urban transport projects.
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1 Introduction

Although there is an extensive literature regarding the impacts of metro systems on
the urban spatial structure, such as those conducted in North America (Benjamin & Stacy
Sirmans, 1996; Bowes & lhlanfeldt, 2001; Cervero & Landis, 1997a; Cervero & Duncan,
2002; Damm et al., 1980; Landis et a., 1995; Lewis-Workman & Brod, 1997; McDonald
& Osuji, 1995; McMillen & McDonald, 2004), in Europe (Du & Mulley, 2007; Gibbons
& Machin, 2005; Mejia-Dorantes et al., 2011), and Asia (Bae et al., 2003; Kim & Zhang,
2005; Salon et al., 2014), there are few studies of this kind in the context of Latin
America and the Caribbean LAC region (Agostini & Palmucci, 2008; Rosanovich & Di
Giovambattista, 2019).

The Bogota Metro Line 1 project has had a series of important milestones in its recent
history (EMB, 2023). One of the most important is the study of the Urban Transportation
Master Plan prepared by the Japan Cooperation Agency drafting a heavy rail metro
network of 40km (JICA, 1996). In 2006, the Bogota Mobility Master Plan was adopted,
which defined a network of the Integrated Public Transportation System including the
metro system (Bogota, 2006). Between 2008 and 2011, the city carried out the conceptual
engineering study of this project, defining a first line of 27.5km between the southwest
(BRT Terminal Americas) and the city center (Sener et al., 2009a, 2009b, 2010, 2011).
Between 2013 and 2015, the city also hired the basic engineering studies for this line with
an underground infrastructure from the Bosa urban district (BRT Terminal Américas) to
the north of the city, initially to Calle 127 and Carrera 9 (Bogota, 2015).

In 2016, the Bogota Metro Company (EMB in Spanish) was created, as head of the
design, implementation, and operation of the metro lines of the city and the urban
development of its influence area (Concejo, 2016). In 2017, the National Council of
Economic and Social Policy CONPES approved document No. 3900 through which the
project of the Metro's First Line was declared of strategic importance, endorsing the
alignment and the elevated viaduct typology for the 23.4 km of the corridor. Per the
CONPES, Metro Line 1’s commencement and railyards are located within the Bosa
urban district (close to the BRT Terminal Américas) and the viaduct runs up to Calle 72
with Av. Caracas, (CONPES, 2017). In 2018, CONPES approved document No. 3945 in
which the project of the First Metro Lines, the projects of the BRT trunks of Avenida 68
and the Avenida Ciudad de Cali, as feeders of the metro system (CONPES, 2018). In
2021, the CONPES approved the document No. 4034, which describes the co-financing
between the national and local governments for the railway component of the First Line
of the Metro Project of Bogota (PLMB for its Spanish acronym) and the BRT feeder lines
(Av. 68, Av. Ciudad de Cali) and other complementary trunk lines (Carrera 7 between
Calle 32 and Calle 200 and Av. Caracas between Molinos and the Usme portal) financed
by the local government, as well as the recommendation to advance the structuring
studies of Line 2 of the Metro Project towards the Engativa and Suba urban districts
(CONPES, 2021).

Regarding Line 2 of the Metro Project, in 2021, FDN, a publicly-owned local
development bank, signed an MoU with EMB to carry out the comprehensive structuring
of the Line 2 project of the Bogota Metro, including the legal, risk, technical, and
financial components (FDN, 2021). In 2022, CONPES approved document No. 4104
declaring the line 2 project of the Bogota metro project of regional strategic importance,
including a financing agreement for complementary works related to the mass
transportation corridors on Calle 13 (CONPES, 2022a). In the same year, CONPES
approves document No. 4109, authorizing EMB to secure loans with multilateral
organizations to finance Bogota Metro Line 2 (CONPES, 2022b).
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In 2019, EMB awarded a 27-year design-finance-build-operate-maintain-transfer
(DFBOMT) concession contract to a Chinese-led concessionaire. Works officially
commenced in October 2020, and the project is expected to start operations in 2027
(EMB, 2023). In 2021, the City hired the designs of Line 2 (L2MB), including the legal,
risk, technical, and financial components (FDN, 2021). The prequalification bid for the
process was launched in March 2023, and the request for bids was announced in October
2023. A DFBOMT concession contract, similar to L1’s, is expected to be awarded by
December 2024. As shown in the figures, the layout of line 1 is defined from the
southwest of the city to the northeast, while the layout of line 2 serves the northwest of
the city, completing a “U”-shaped layout in line with the approaches of the JICA Master
Plan (JICA, 1996). Between 2016 and 2019, the city formulated a new Mobility Master
Plan, which served as the basis for the formulation of the new PMSS Safe and
Sustainable Mobility Master Plan adopted in 2023 following the guidelines defined by
the Ministry of Transportation. Figure 1 shows the PLMB and L2MB with isochrones
areas.

A recent study looking at the anticipation effects of the announcement of the Metro
project of Bogota on asking prices of properties for rent suggests that there are premiums
for proximity to the planned infrastructure project (Céardenas et al., 2023). However, there
is a gap in the literature in terms of the anticipation effects of the announcement of the
first line of the metro project of Bogota on new real estate development projects. The
present papers provide new evidence on this regard as part of an ongoing research project
that seeks to provide new evidence regarding the anticipatory effects of the metro project
on the urban spatial structure of Bogota. This paper develops a quasi-experimental
research design to study the effects on real estate activity due to the announcement of the
first two lines of the metro project of Bogota between 2006 and 2023. We used a data set
collected by the private agency Galeria Inmobiliaria which includes information on real
estate development projects in the whole city between 2007 and 2023.

The paper is structured in five sections. First, the literature review provides an
overview of the studies and methods applied in the analysis of rail-based systems on the
urban spatial structure. Then, the methodology section includes the description of the
study area, the real estate development projects database, and the statistical data analysis
implemented in this study. The results section includes the research findings based on the
statistical analysis regarding the effects on real estate development project prices by the
announcement of the first line of the metro project of Bogota. The discussion section
compares the results of this paper with previous studies and discusses emerging issues
associated with the policy implications of the research findings. The conclusion section
includes recommendations based on the research findings.

2 Literature review

2.1 Metro systems and their effects on prices and the real estate market

United States cities have been the subject of most of the early studies of the impacts of
mass transit systems on the real estate market, specifically in terms of changes in real
estate, land prices, and their dynamics. There is a predominance of publications on cities
in North America, then an evolution towards cities in Europe and Asia, and an emerging
literature in Latin America.

One of the first studies corresponds to the announcement of the subway project of the
city of Washington DC. Results show anticipation effects on property prices in the real
estate market with an increase depending on the proximity to the future stations of the
system meter (Damm et al., 1980). Once the system was in operation, a second study was
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carried out on the prices of rent and real estate for sale in the city, establishing that for
every increase in a tenth of a mile to the subway stations, a reduction was observed. 2.5%
of the rental prices of residential properties (Benjamin & Stacy Sirmans, 1996).

In California, these impacts have been also measured for the BART system (Bay Area
Rapid Transit) in San Francisco Bay area and in the Los Angeles Metropolitan Area
(Mustration 2). The analysis of housing prices in areas served by BART proved that for
every meter closer to the stations, an increase in prices of $2.39 dollars is observed, while
urban redevelopment processes were also found around some stations (Landis et al.,
1995). The analysis of several cities in North America allowed us to establish that the
location of properties in the San Francisco Bay area has a higher price of $15.78 dollars
for every 0.3 meters closer to a BART system station, while in the analysis of housing
supply in New York City, it was found that prices decrease for each meter of distance to a
station of the subway system (Lewis-Workman & Brod, 1997) In the Los Angeles case,
multifamily developments near the B line (formerly called Red line) have the largest
positive effects, above 6%, while the study authors argue that effects observed in the
Ventura BRT corridor may be associated with control variables related to proximity to
highways and their intersections. Analysis of this LA Metro shows land value benefits for
multifamily housing developments in areas near metro stations (Cervero & Duncan,
2002).

(Lewis-Workman & Brod, 1997)The cities of Chicago and Atlanta, and the urban
areas of Massachusetts, have also been the subject of studies on the relationship between
rail-based mass transportation systems and their effects on the urban spatial structure.
McDonald and Osuji (1995) analyzed the effects of the rail-based transportation system
in the city of Chicago (lllinois) and showed how the expansion of the system had effects
in terms of increasing the values of residential properties by 17% (in an area of influence
of half a mile from the stations) and increases of 1.9% in real estate prices for each mile
of distance closest to the business center (Central Business District CBD) of the city, a
section in which the system infrastructure is elevated when the properties are located
within a half-mile influence area of the system stations (McDonald & Osuji, 1995). The
opening of the midway line in Chicago also had effects on real estate prices, the analysis
of housing prices suggests an increase of 6.89% when the properties are located near the
stations of this transit system (McMillen & McDonald, 2004).

In the case of the city of Atlanta (Georgia), a 19% increase was observed in the sales
prices of properties that were within a quarter mile of the stations of the Metropolitan
Rapid Transportation Authority's transit system (MARTA). The findings also showed
how the focus of the city's infrastructure in terms of promoting a car-oriented
development is linked to the findings. The findings suggest that housing units with a
location more than three miles from a transit were sold with 4.7% premiums if the
stations included private vehicle parking infrastructure (Bowes & Ihlanfeldt, 2001).
Regarding the analysis of the urban areas served by the commuter train in the state of
Massachusetts, the analysis by Armstrong and Rodriguez shows that real estate prices
have higher values, between 9.6% and 10.1%, compared to properties located in urban
areas without access (Armstrong & Rodriguez, 2006). In the same way, the assessment of
the impact of the metro extension in Montreal to the suburb city of Laval found that the
effects of transit infrastructures on real estate dynamics can vary considerably according
to temporal and spatial factors. In this case, even though no significant effect was
observed while analyzing all stations together, the decomposition of the effect over each
station demonstrated the positive impact on prices of single-family properties
concentrated around a single station (Devaux et al., 2017)

More recent studies provide evidence of the impacts of transit on Asian cities' urban
spatial structure. In Seoul (South Korea), the effects on real estate prices have been
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studied, showing increases of $7.54 dollars for each meter closer to a city center station,
and with an 8.9% anticipation effect on the increase of real estate prices in a 1km area
(Bae et al., 2003). In Guangzhou (China), by doubling the distance to a station of the
metro system, residential property prices decreased 4.7%, while also observed joint
positive effects between the rail system and the BRT (Bus Rapid Transit) system on real
estate prices (Salon et al., 2014). In the case of Hong Kong, He's study (2020) uses a
model, estimating the regional accessibility benefits of the MTR transit system on
residential property prices, establishing that at the regional level, there is a positive effect
of 10%, while increases in properties in the two years of study were 3.52% in 2001 and
4.73% in 2011.

Regarding studies carried out in Europe, the analyses in the United Kingdom and
Spain stand out. In the early 1990s, a study was conducted on the relationship between
the expansion of the rail mass transit system and the housing market in London, with an
increasing 9.3% in housing prices with transit access, compared to the prices elsewhere
(Gibbons & Machin, 2005). However, another study in Sunderland (United Kingdom)
found no significant changes when comparing data before and after the implementation
of the system (Du & Mulley, 2007). The analysis of the accessibility impacts of the
Madrid Metrosur station on real estate dynamics suggests that housing prices change
according to location. The further from the transit infrastructure, the lower the prices,
between 2.18 % and 3.18% about the cost of properties closer to the station (Mejia-
Dorantes et al., 2011).

In the Latin American and Caribbean regions, emerging studies examine the
relationship between the implementation of transit systems and their effects on the urban
spatial structure (Vergel-Tovar, 2022). Effects of anticipation of the announcement of
Line 4 of Santiago de Chile's system (Chile) provides findings on the impact in terms of
increases in real estate prices between 4.2% and 7.9%, and with the announcement of
where the stations will be located, there were increases between 3.1% and 5.5% in the
prices of properties with transit access (Agostini & Palmucci, 2008). The Buenos Aire's
case suggests non-linear effects, since changes of -5% in prices were observed in a
distance range of 200 meters to the stations, while positive effects of 3.6% were observed
between 200 and 600 meters away from the stations (Rosanovich & Di Giovambattista,
2019). The non-linear effects found in the Buenos Aires metro study suggest that there
are differences in land uses, specifically for residential uses, and their proximity to
stations. In the case of Bogot4, the announcement of the Metro project had positive
effects on the asking prices of properties for rent, a study showed an increase in prices of
10.5% for apartments and 6.5% for houses located within a 1.5 km radius of future metro
stations (Cérdenas et al., 2023).

Among the methodologies used to estimate the effects of rail-based systems on
property prices and the real estate market, the hedonic price model predominates,
controlling for attributes of the housing units, location, and accessibility characteristics.
The implementation of this type of statistical analysis includes the estimation of spatial
data variables to capture the effects in terms of proximity to mass transit infrastructure.

However, other econometric methodologies have also been implemented to quantify
these effects, McDonald and Osuji (1995) used a logistic regression model to estimate
changes in property prices in the city of Chicago. Moreover, Cervero and Landis (1997b)
estimated the effects of BART on land development in the San Francisco Bay area using
logistic regression and ordinary least squares models. Finally, it should be noted that
Cardenas et al. (2023) implemented a statistical model to identify changes in the asking
prices of properties after the announcement of the extension of the metro project of
Bogota. The latter, found that the sale prices of housing around the future stations of the
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Bogota Metro Line 1 project increased by 10.5% for flats and 6.5% for houses since the
announcement of the award contract for its construction in October 2019, while the
results for change in rental prices for the same area were not statistically significant
(Cérdenas et al., 2023).

2.2 Light Rail Transit (LRT) systems and their effects on prices and the real estate market

Studies of cities and counties in the United States show mixed results regarding the
relationship between light rail transportation investments and property values. Two cities
in the state of Oregon examined these effects In Portland, a hedonic price model analysis
of single-family housing sales in 1988 found an increase of US$663 for every 0.03 km
closer to an LRT MAX station (Al-Mosaind et al., 1993), while another study looking at
median home values found an increase of US$2,300 for properties within a distance of
0.06 km to a LRT MAX station (Dueker & Bianco, 1999). In Seattle, station-level LRT
analysis of property values found positive associations for one station's catchment area
and negative associations for the other two stations (Ransom, 2018). In Los Angeles
County, California, an analysis of LRT impacts on land values found positive
associations between proximity to the LRT system and commercial and multifamily
housing uses (Cervero & Duncan, 2002).

In Buffalo, New York,, findings suggest increases in residential property prices of
$3.0 for each meter closer to LRT stations, and a premium in property values between
$1,300 and $3,000 for housing units located within a quarter mile of streetcar stations
(Hess & Almeida, 2007). In New Jersey, residential properties suggest increases between
8.3% and 9.8% within the rail transit influence area, premiums for properties located near
the stations experienced an average rate of 18.4% higher than properties without access to
the rail-based system (Kim & Lahr, 2014). In Charlotte-Mecklenburg County (North
Carolina, property prices per square foot decrease when properties are located further
from LRT stations, during the project announcement, and after the system starts operating
(Ke & Gkritza, 2019). The study of the METRORail system in Houston, Texas found
positive associations with residential property values. These effects were observed in
properties that are located within a distance of 3 miles from the METRORAail system
stations , because the study is on a regional scale, however, the strongest positive effect is
observed in the first quarter mile from the stations (Pan, 2019).

Some studies carried out in European cities also found differing results. In
Manchester, United Kingdom, outcomes from the hedonic pricing methodology suggest
increases in house prices between 2.1% and 8.1% when properties are located closer to an
LRT station (Forrest et al., 1996). However, the spatial statistical analysis of the impacts
of the “Supertram” LRT project on house prices in Sheffield, United Kingdom, suggests
negative associations during the construction period of the rail-based system and positive
effects after the opening date (Dabinett, 1998).

In Latin America, quantitative and qualitative data papers yield mixed results
regarding the implementation of LRT projects. In Cuenca, Ecuador, an analysis of
residential and commercial uses proposes that residential rental prices decrease when
properties are located near the LRT corridor, but the opposite association was found for
commercial rental prices with increments when properties are closer to the LRT corridor
(Hermida et al., 2018). (Freitas, 2017; Gutiérrez Torres, 2019). The analysis of the effects
of the Ayacucho Tram system in Medellin on cadastral values determined effects of up to
4% (Vergel Tovar etal., 2023).

The literature on the effects of rail-based infrastructure on the urban spatial structure
is extensive. In this review, we were able to summarize the studies by region focusing on
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Metro and LRT systems. Most studies rely on hedonic price models, incorporating both
property and location attributes. Few studies have included land-use planning variables as
a control; it is desirable to continue adding this type of control given that urban
regulations influence the type of outcomes on real estate prices and their dynamics.

3 Methodology

3.1 Studyarea

Our study area is the city of Bogota and the influence area of the first and second lines
of the metro project as shown in Figure 1. Bogota is the capital of Colombia and has a
total population of 7.929.539 inhabitants according to the projections of the National
Statistics Department (DANE). Bogoté recently adopted a new Urban Master Plan (Plan
de Ordenamiento Territorial POT in Spanish) in 2021, in which the urban regulations are
promoting urban renewal measures along mass transit corridors, especially around the
future metro stations (Bogota, 2021). In 2023, the city approved the new Urban Mobility
Plan (Plan de Movilidad Segura y Sostenible PMSS in Spanish), which defines the rail-
based systems as the transportation system of higher hierarchy in the city (Bogotd, 2023).

First Line of the Metro Project Second Line of the Metro Project

Legend
© SLMB Stations
Sume

Figure 1. Isochrones metro project map — Lines 1 and 2
Sources: Own elaboration by geoprocessing Galeria Inmobiliaria data bases and geodata bases
from the City Planning Department and the Mobility Department of Bogota on ArcGIS (ESRI,
2024b)
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3.2 Data

The main source of information is the database of the Galeria Inmobiliaria (GI)
agency, in particular new real estate projects in the city of Bogota between 2002 and
2023. The database contains attributes about new housing projects such as address,
neighborhood, start date of sales and construction and units built, likewise, it also
includes characteristics of each housing unit, such as the number of bedrooms,
bathrooms, parking spaces, built area and price. Additionally, using public data sources
such as those provided by the EMB, it was possible to calculate the distance of each
project to the layout and the closest station of the PLMB and the L2MB. We also defined
isochrones using the walking distance to the future metro stations developed accessibility
measures in line with the literature (Lahoorpoor & Levinson, 2020; O'Sullivan, Morrison,
& Shearer, 2000). Likewise, databases from the City Planning Department and the
Citizenship Safety Department were used to calculate attributes specific to the project and
the sector, such as population density, distance to the park and nearest equipment,
proportion of roads, and indices of homicides and robberies.

Along the same lines, the georeferencing of the projects also made it possible to
identify those located within the isochrones of the future PLMB and L2MB stations. We
identified 4 isochrones around the future stations of the two lines based on walking
distances: 5-minute isochrone, 10-minute isochrone, 15-minute isochrone, and 20-minute
isochrone, and those projects located within each of the isochrones. We processed the
data through the STATA software and created treatment variables that contemplate four
isochrones (Figure 2): we identified 4 treatment zones, corresponding to the projects
located within each of the isochrones and the rest of the city is taken as control. It is
important to highlight that the analyses differentiate between those projects in the areas
of influence of the PLMB and those in the L2MB.

z

@
Convenciones
@ PLMB Estacion 6
Isocronas 5. 10, 15 y 20min
Area de tratamiento 0 02505 1 15
Manzanas — — KT

Figure 2. Isochrones and treatment areas.
Sources: Own elaboration by geoprocessing Metro Agency of Bogota data bases and geodata
bases from the City Planning Department and the Mobility Department of Bogota on ArcGIS
(ESRI, 2024b).
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We also generated urban regulation variables as well as accessibility variables, such as
the distance to the Central Business District located on Calle 72 and Carrera 72 (Central
Business District, CBD) and the nearest economic center. The Gl data also included
information about whether the housing unit is affordable housing (Social Housing or VIS
due to its acronym on Spanish), market value (Non-Social-Housing) or Microapartment,
small housing units that are new product in the real estate market. We also estimated
urban attributes related to public facilities, road space and parks. Table 1 shows all the
variables used in the models.

Table 1. List of variables included in the statistical analysis

Variable Description Level of measurement Source
Ln Price psqmt Natural logarithm of the average Housing unit (annual Own calculation
price per m2 of the housing unit mean value) based on
information from
the GI
Rooms Number of bedrooms from 1 to 4 Housing unit Gl
Housing Categorical variable Housing unit
typology (Microapartment=1; Affordable Gl
housing=2, Market value housing
unit =3)
Socioeconomic Categorical variable that ranges Real estate development
level from 1 to 6 depending on the project Gl

socioeconomic level where the
project is located

Ln population

Natural logarithm of the number of

Real estate development

Own calculation

density people/hectares of the project project ~ basedon
location information from
DANE
Ln Distance to Natural logarithm of the Euclidean Real estate development Own calculation
based on

the nearest park

distance in meters from the project
to the nearest park

project

information from
the City Planning
Department

Ln Distance to
the nearest
public facility

Natural logarithm of the Euclidean
distance in meters from the project
to the nearest facility

Real estate development
project

Own calculation
based on
information from
the City Planning
Department

Ln Proportion of
road space

Natural logarithm of the percentage
of roads in the cadastral sector
where the project is located

Real estate development
project

Own calculation
based on
information from
the City Mobility
Planning

Ln Distance to
the CBD

Natural logarithm of the Euclidean
distance in meters from the project
to the CBD

Real estate development
project

Own calculation
on GIS

Ln Distance to
the nearest main
activity node

Natural logarithm of the Euclidean
distance in meters from the project
to the nearest economic center

Real estate development
project

Own calculation
on GIS

Ln Distance to

Natural logarithm of the Euclidean

Real estate development

Own calculation

the PLMB line distance in meters from the project project with data from the

or the L2MB to the PLMB viaduct or the L2MB Metro Agency of

line route Bogota

Ln Homicide Natural logarithm of the number of Yearly Own calculation

Rate homicides by locality based on
information from
the City Security

Planning
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Ln Thefts rate

Natural logarithm of the number of
thefts by location

Yearly

Own calculation
based on
information from
the City Security
Planning

Buffer 500mt
BRT corridor

Dummy variable (BRT corridor =1;
Otherwise =0)

Real estate development
project

Own calculation

Buffer 500mt Dummy variable (BRT corridor Real estate development
BRT corridor under construction =1; Otherwise project .
Own calculation

under =0)
construction
Buffer 500mt Dummy variable (7" Street Corridor  Real estate development

7th Street =1; Otherwise =0) project Own calculation
Corridor

Urban Renewal

Partial Plan

Dummy variable (Urban renewal
partial plan =1; Otherwise =0)

Real estate development
project

Own calculation
based on the
Urban Master
Plan

Development
Partial Plan

Dummy variable (Urban
development partial plan =1;
Otherwise =0)

Real estate development
project

Own calculation
based on the
Urban Master
Plan

Sources: Own elaboration by geoprocessing Metro Agency of Bogota data bases, Galeria
Inmobiliaria data bases, and geodata bases from the City Planning Department and the Mobility
Department of Bogota.

3.3  Data analysis

33.1

Statistical analysis

We developed hedonic price models to estimate the anticipation effects of the metro
project on new housing prices. For both scenarios we used logarithmic regressions
models. The first regression or base model incorporates dummy variables by year,
interaction variables between treatment and year, and thirteen variables that incorporate
different attributes of the real estate development projects. The second model
incorporates control variables for projects within partial plan areas (urban renewal or
development), while the third model includes the variables that indicate whether the
project is within the area of influence of the BRT corridors (under operation and under
construction). The fourth model incorporates all the control variables. Regarding
elements of endogeneity, the variables used are supported by the literature review
regarding previous studies on the effects of mass transportation systems on the real estate
market, while statistical validation tests were carried out. We included robust standard
errors in all regressions and the logarithmic transformation of all models for the
estimations allowed us to address heteroskedasticity. We also estimated the Variance
Inflation Factor (VIF) to verify for multicollinearity (Aladwan & Ahamad, 2019), we
found the VIF estimations in all models is less than 4, which implies a low correlation
between the independent variables. Regarding the treatment and control groups, we
performed parallel trend tests, which allowed us to establish that before 2015, prices in
the treatment and control areas of the isochrones in the PLMB and L2MB showed

parallel trends.

The quasi-experimental design allows the models to estimate the capitalization by real
estate project developers of the future accessibility benefit that the metro project will
generate, but in this case, through an analysis of the anticipation effects, identifying
milestones of the metro project. Since the Real Estate Gallery database includes real
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estate development projects throughout the city, the quasi-experimental design takes the
rest of the city as a control area so that the statistical analysis can capture the real estate
dynamics throughout the city during the study period. The statistical analysis consists of
two hedonic models according to the research design used in previous studies (Agostini
& Palmucci, 2008; Céardenas et al., 2023; Mejia-Dorantes et al., 2011; Rosanovich & Di
Giovambattista, 2019). These models consider the natural logarithm (In) of the price per
square meter (average for each year) of new housing project properties in the city from
2007 to 2023 as the dependent variable. Also, control variables with attributes of housing
units, urban indicators, and crime, as well as information related to urban treatment areas,
partial plans, and the influence area of BRT trunk corridors were also included.

The model estimates a quasi-experimental research design with a hedonic price model
function having the four isochrones as the treatment area:

In(y;)
15

= /))o + Z ﬁj * Xij + ﬂSESSESl + ,BHousing typolongopuSlng tJ’POlOg}’l + ﬁBedroamsBEdroomsL
j

16 17 17 17 17
+Zai*Yeari+z5i *Year; * Ty +Z(Si xYear; * T, +Z§i xYear; x Tz +Z5i xYear; Ty + &
i i i i i

Where:
In(y;) = Logarithm of price per sqmt housing unit i
Bo = Intercept
B; = Estimated coef ficients associated with independent variables X; of housing unit i
Xij = j independen variables of housing unit i (table 1)
Bses = Vector of estimated coef ficients
FSL = Vector of six dummy variables (one as reference) with socioeconomic level of housing unit i
Brousing typology = Vector of estimated coef ficients
Housing typology, = Vector of three dummy variables (one as reference) with housing typology of housing unit i
Brearooms = Vector of estimated coef ficients

Bedrooms, = Vector of four dummy variables (one as reference) with number of bedrooms of housing unit i

a; = Estimated coef ficient for ef fect of year i

Year; = Dummy variables for years 2007 to 2023

8; = Estimated coef fcicient of treatment ef fect for year i

Year; = Dummy variables for year i from 2006 to 2023

T, = Dummy variable = 1if the project is located within the 5 minutes walking distance isocrone from one future metro station
T, = Dummy variable = 1 if the project is located within the 10 minutes walking distance isocrone from one future metro station
T; = Dummy variable = 1 if the project is located within the 15 minutes walking distance isocrone from one future metro station
T, = Dummy variable = 1 if the project is located within the 20 minutes walking distance isocrone from one future metro station

3.3.2  Spatial data analysis

Spatial data analysis addresses two components. The first consists of spatially
analyzing the price variation trends based on the difference between the predicted and
observed values of the average price per m2 of real estate development projects in the
city to establish the relationship between the concentration of the supply of new housing
and the layout of the PLMB and the L2ZMB. In this, on the one hand, a cluster analysis is
carried out to identify the groupings made up of projects that share similar characteristics
with their neighboring projects and, on the other hand, a kernel density analysis, to
identify the concentration points. of projects weighted by the value of the difference
between the predicted and observed values. The second consists of carrying out spatial
regression analyzes with the variables used in the hedonic price models to complement
the exercise considering elements of spatial autocorrelation. The spatial data analyzes are
carried out in Geographic Information Systems GIS (ESRI, 2024b), taking the databases
generated in STATA for the analysis of statistical models(STATA, 2024).
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4 Results

4.1  First line of the metro project isochrone analysis (four treatment zones)

Table 2 presents the descriptive statistics of the real estate projects in the treatment
area (isochrons) for the PLMB and in the control area (rest of the city) for the year we
have as a baseline (2007), while table 3 presents the descriptive statistics for the year
2023. The data corresponds to the information provided by the Gl with the registration of
new projects in the city. In the descriptive statistics for the year 2007 (table 2), it is
observed that the price per square meter variable (natural logarithm) in the treatment
areas has similar values to those observed in the rest of the city, with a slightly lower
value. for treatment zone 2. Regarding socioeconomic levels, a greater concentration of
projects is observed in sectors of stratum 4 in the treatment zones with around 65% in the
projects in zone 1 and 2, 58% in the zone 3 and 31% in zone 4. In the number of rooms in
the housing units, a greater concentration of properties with 3 rooms is observed in the
control zone (48.8%), while in the treatment zones there is a greater concentration of real
estate projects of housing units with 1 and 2 bedrooms. A higher population density is
observed in the treatment areas compared to the control area. Although real estate
projects in the treatment areas have greater proximity to parks, real estate projects in the
control zone have greater proximity to urban facilities. The crime data show similar
values between the treatment and control areas, with slightly higher values in the control
area. Regarding the typology of housing supply, it is observed that the Non-Social
Housing typology is the one with the greatest presence in both the treatment and control
areas. A greater concentration of projects in partial development plans is observed in the
treatment areas compared to the control area.

In the descriptive statistics for the year 2023 (Table 3), an increase in the price per
square meter variable (natural logarithm) is observed in relation to the year 2007, both for
the projects in the treatment areas and those located in the control zone. In zone 1 an
increase of 6.8% was recorded, in zone 2 of 7.4%, in zone 3 of 6.7% and in zone 4 of
4.6%, while in the control zone a growth was recorded. of 5.9%. Regarding
socioeconomic levels, an increase in real estate projects is observed for the treatment
zones in stratum 3 in relation to 2007, going from 10.6% to 55.7% in zone 1, from 23.6%
t0 56.1% in zone 2, from 13.7% to 23.2% in zone 3 and from 4.0% to 20.8% in zone 4.
Although there is an increase in one-bedroom real estate projects for 2023 in relation to
2007, this change is greater for the zones of treatment areas, that is, the supply of one-
bedroom housing units increased mainly in the treatment areas by 2023. The supply of
micro apartments increases in the city; however, this increase is greater in the treatment
areas. Likewise, a slight increase in real estate projects is observed in partial urban
renewal plans for two of the four treatment zones (isochrones).
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Table 4 presents the results of the hedonic price models on the anticipation effects of
the PLMB on the prices per square meter of real estate projects between 2007 and 2023
with 4 treatment zones: (i) projects within the isochrone of 5 minutes of the stations, (ii)
10-minute isochrons, (iii) 15-minute isochrons and (iv) 20-minute isochronous. In the
base model, for the first isochron, positive effects are observed between 16.6% for 2017
and 13% for 2023, for the second isochron, positive effects of 4.2% are observed only for
the year 2022, for the third isochron, effects are observed positive effects of 3.4% for
2022 and 3.7% for 2023, and for the fourth and last isochron, positive effects of 9.1% in
2021, 7.2% in 2022 and 8.3% in 2023 are observed. These anticipation effects are similar
in the other three models. These findings suggest that proximity to future stations is being
capitalized by the private sector, especially in the first areas of influence of future
stations. Figure 3 shows how the effects begin to converge between 2021 and 2023,
which suggests that the anticipation effects may be promoting a reconfiguration of the
urban spatial structure, by becoming possible future nodes or areas of greater activity in
the city.
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Figure 3. Effects of the PLMB on real estate development prices in Bogota by Isochrone (2006-
2023) Sources: Statistical analysis on STATA (STATA, 2024)
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4.2  Second line of the metro project LZMB isochrone analysis (four treatment zones)

Table 5 presents the descriptive statistics of the real estate projects in the treatment
area (isochronous) for the L2ZMB and in the control area (rest of the city) for the year we
have as a baseline (2007), while Table 6 presents the descriptive statistics for the year
2023. The data corresponds to the information provided by the GI Real Estate Gallery
with the registration of new projects in the city.

In the descriptive statistics for the year 2007 (Table 5) it is observed that the price per
square meter variable (natural logarithm) in the treatment areas has slightly lower values
than in the rest of the city (around 4.4%). Regarding socioeconomic levels, it is observed
that in the first treatment zone, projects in stratum 3 predominate (100%), in the second
treatment zone there is a greater presence of projects in stratum 4 (66.7%) and some in
strata 3 and 2 (33.3%), in treatment zone 3 projects from strata 3 and 4 predominate
(79.6%), and in the fourth treatment zone projects in stratum 3 predominate (53.4%),
followed for stratum 4 and 2. In the control zone there are projects in all segments, except
for stratum 1. In the number of rooms in the housing units, in the first treatment zone,
projects with properties of 2 and 4 bedrooms, in the second treatment zone, projects with
3-bedroom properties predominate, in the third treatment zone, projects with 4-bedroom
properties also predominate, followed by 3-bedroom units, in the fourth treatment zone,
properties with 4 bedrooms predominate. 2 and 3 bedrooms. In the control area, 3-
bedroom projects predominate, followed by 2- and 1-bedroom projects. In treatment
zones 2, 3 and 4, slightly lower population densities are observed than those observed in
the control zone. Greater proximity to parks and facilities is also observed in the housing
projects located in the first treatment area. The crime data show similar values between
the treatment and control zones, with slightly higher values for the first treatment zone.
Regarding the typology of housing supply, a greater presence of affordable housing
projects is observed in the treatment areas, while in the control area a greater
concentration of market value housing units (Non-Social-Housing) projects is observed.
A greater concentration of projects in partial development plans is observed in the control
zones compared to the treatment zones, while in the third treatment zone a concentration
of projects in partial urban renewal plans is observed.

In the descriptive statistics for the year 2023 (Table 6), an increase is observed in the
price per square meter variable (hatural logarithm) in relation to the year 2007, but the
increase is greater in the projects in the treatment areas. Specifically, in zone 1 an
increase of 14.2% was recorded, in zone 2 of 9.1%, in zone 3 of 7.3%, in zone 4 of 6.2%
and in the control zone 5.9%. Regarding socioeconomic levels, an increase in real estate
projects for strata 2 and 4 is observed in the first treatment zone, in the second treatment
zone an increase is observed from 16.7% to 73.1% in stratum 3 projects, in the third
treatment zone, an increase in projects is observed in stratum 4 from 36.4% to 38.5%, in
the fourth treatment zone an increase in projects is observed in strata 2 and 4. In the
control zone, a decrease in real estate projects for all segments. Regarding the number of
bedrooms, an increase is observed in the number of projects with one bedroom in both
the treatment and control areas. An increase in the number of projects with market value
housing units (Non-Social-Housing) is observed in the first treatment area. Finally, an
increase in projects in partial development plans is observed in the fourth treatment zone.
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Table 7 presents the results of the hedonic price models on the anticipation effects of
the L2MB on the prices per square meter of real estate projects between 2007 and 2023
with 4 treatment zones: (i) projects within the isochrone of 5 minutes of the stations, (ii)
10-minute isochronous, (iii) 15-minute isochronous and (iv) 20-minute isochronous. In
the base model, for the first isochron, positive effects are observed between 24.8% for
2016 and 20.1% for 2023, for the second isochron, positive effects are observed between
14% for 2013 and 17.3% for 2023, for the third isochron, positive effects of 7.4% are
observed for 2008 and 12.4% for 2023, and for the fourth and last isochron, negative
effects of -5.3% are observed in 2014 and -4.1% in 2018. These effects are similar. in the
other three models. These findings suggest that it is still premature to identify anticipation
effects, however, the variations suggest that the L2MB layout is in an area with
opportunities for high-income developments, with the possibility of generating a mix of
VIS projects. Figure 4 shows a high variation in the coefficients for the four treatment
zones, with a trend towards convergence between 2021 and 2023 for projects in the first
three isochrons. The variations in the coefficients between isochrons are explained by the
different real estate dynamics that occur in the areas close to the L2MB layout.

It is relevant to clarify again that there are other variables that influence the price of
new housing that are not explicitly addressed in this study. Additionally, demand plays a
fundamental role in the creation of prices. It should be noted that according to a study by
Camacol, location is the main motivation when buying a home, followed by accessibility,
price and space design. Likewise, there are public policy factors that generate variations
in prices, for example, in Colombia the changes made to the “Mi Casa Ya” subsidy
program significantly influence the demand for VIS homes and, consequently, their
prices. For example, the study conducted by (Rey Hernandez, 2023) found that a 22.55%
increase in subsidies per eligible household translates into a 13.51% increase in VIS
housing sales. For the L2MB there are other determining factors in housing prices around
the stations, specifically greater growth in real estate developments has been observed, in
line with urban migration to these areas of the city.
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Figure 4. Effects of the L2ZMB on real estate development prices per square meter in Bogota by
Isochrone (2006-2023) Sources: Analysis on (STATA, 2024)
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4.3  Spatial data analysis (cluster and kernel density)

We developed spatial data analysis using ArcGIS tools based on the difference
between the predicted and observed values estimated in the statistical analysis for the
average prices per m2 of the new housing supply (ESRI, 2024b). We conducted a cluster
analysis identifying individual projects that share similar values with their neighboring
projects (Figure 5). This cluster may contain differences between the predicted value and
the observed value that are high (red on the map), low (blue on the map), or simply not
significant as they do not form a cluster (gray on the map). We conducted a kernel
density analysis of the new housing projects statistical analysis results (Figure 5). The
analysis confirms the high-income cone on the eastern edge of the city, which coincides
with the urban spatial structure identified in the city's mobility surveys (2015 and 2019),
where high-income areas present the highest concentration of formal employment in the
city and consequently the greatest travel attraction. We found that the lowest prices of the
real estate market housing units are mostly located at urban peripheries. This confirms the
monocentric spatial structure of the city. We also confirmed the anticipation effects of the
PLMB, while there are emerging markets along the L2MB.
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Isochrone First Metro Line Project Isochrone Second Metro Line Project

N N

A A

Isochrone First Metro Line Project Isochrone Second Metro Line Project

Figure 5. Cluster analysis of the difference between the predicted and observed values for the
prices per m2 built of the new housing supply in the PLMB and L2MB

Sources: Spatial analysis on Arc-GIS (ESRI, 2024a) based on the statistical analysis developed in
STATA (STATA, 2024)
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5 Discussion

The analysis provides evidence on the anticipation effects of the PLMB and L2MB
projects between 2007 and 2023. These findings suggest that the real estate market is
having a reaction in relation to the announcements about the metro project, so it is
important to continue conducting further analyzes on the effects of the project on the
urban spatial structure of Bogota. It should be noted that the findings are consistent with
previous research (Cardenas et al., 2023), however, the premiums identified in this
document for new real estate development projects around PLMB stations are between
3.5% and 4.8%, which are lower than the findings on changes in property sales prices
(dwelling units 10.5% and 6.5% for apartment units). Although our research estimates are
showing lower ranges, we recommend continuing observing and analyzing changes in the
real estate market for new development projects as the PLMB moves forward with the
construction process. The research findings in this article are similar to Rodriguez and
Targa's estimates for the first phase of the BRT system (6.8% and 9.3% for the sales
prices of properties located in areas served by the first phase of the BRT system
(Rodriguez & Targa, 2004).

The research results in this article also show the significant increase in micro
apartments in the influence of the future metro project. Within the area of influence of the
future metro project, we observe an increase of more than 5% of micro apartment
projects between 2007 and 2023. This action of the real estate market suggests that
developers are finding in this segment a product that corresponds to the dynamics
expected around the influence area of the future rail transit system. Micro apartments
include other types of facilities such as gyms and parking areas that could be a challenge
for the expected modal change that the local government expects for those who will be
the residents within the area of influence of the metro project. The generation of micro
apartments in the treatment area and the negative effects on the generation of new
affordable housing constitute a planning challenge considering recent findings on the
difficulties of promoting more socially diverse environments within the area of influence
of mass transit projects in Latin America and the Caribbean (Vergel-Tovar, 2023). This
topic requires further investigation in terms of analyzing the travel behavior problems of
current and future residents within the project's catchment area. Another interesting
dynamic observed in the analysis is related to the lower diversity observed in the
socioeconomic levels of real estate development projects, which suggests that the market
could shift towards socioeconomic levels two and three in the treatment area.

Although this paper focuses on real estate development projects and prices, the
research findings are consistent with previous research in terms of the ability of mass
transportation systems in Bogota to attract development and new projects (Rodriguez et
al., 2016; Vergel-Tovar & Rodriguez, 2022). This suggests that the metro system could
strengthen the attractiveness of mass transit systems for developers. The findings of this
study also confirm the concentration of residential developments in areas served by
Bogota's BRT network (Bocarejo et al., 2013), highlighting the importance of the
accessibility benefits generated by the BRT system when developers seek development
opportunities within the urban spatial structure. However, as shown in figure 6, the metro
project is attracting high-density mixed-use developments that include a three stories
commercial platform at the same elevation of the viaduct of the first line of the metro
project. On top of the commercial platform, residential towers emerge consolidating an
urban form that might continue in the urban redevelopment process of the city if there is
not an application of land-use planning and management instruments that may promote
the generation of new public spaces, road space, active mobility infrastructure and an
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integration with the new mass transit infrastructure of the first metro line of the metro
project in Bogota.

gt

= > e . s | =
Figure 6. New developments on Caracas Avenue in front of the future elevated infrastructure of
the First Line of the Metro Project of Bogota. Sources: Fieldwork visits in 2024

The research findings regarding urban regulations suggest a challenge. Analysis of the
data shows that urban renewal partial plans have positive effects on the prices of real
estate development projects and therefore the areas designated for urban renewal
measures are certainly becoming nodes where further developments could take place with
densities to absorb higher land values. Considering the guidelines established in the
Territorial Planning Plan, the local government can find some incentives by promoting
some urban management tools such as inclusionary housing measures (Calavita &
Mallach, 2010; Santoro, 2019) that could anticipate possible negative effects on
affordable housing projects. Furthermore, urban renewal partial plans have been the
subject of controversy in Bogota due to equity concerns on the part of residents (Pinilla &
Arteaga, 2021), therefore, policies that aim for more inclusive measures could be
promoted as part of the incentives necessary to attract private developers with multiple
types of housing in the areas that will be served by the metro project. This is certainly
part of the current discussions in Latin America about equity in relation to transportation
projects (Vecchio et al, 2020).

Our findings regarding the PLMB suggest that there is potential for a value capture
mechanism. Considering that developers are already taking advantage of the proximity to
the future metro line; the local government could determine some regulations for future
developments based on their location in relation to future metro stations. This would
allow the local government to participate in the capitalization of the accessibility benefit
that the project offers through various mechanisms, including mechanisms such as the
issuance of construction licenses, incentives for higher floor area ratio regulations or the
transfer of development rights TDR. In addition, based on current regulations on the
promotion of urban renewal dynamics close to the metro project, the local government
could determine value capture mechanisms linked to greater buildability for future
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developments close to the metro project stations. We recommend continuing with further
studies that analyze potential changes around metro stations based on the analysis of data
on land use and development dynamics within the legal framework defined by the
Territorial Planning Plan and its regulation through planning and management figures
that define the regulation in the areas of influence of the PLMB and the L2MB such as
Strategic Actions (Actuaciones Estratégicas in Spanish), Multimodal Integration Areas —
(Areas de Integracion Multimodal AIM in Spanish) and Urban Renewal Projects for
Sustainable Mobility (Proyectos de Renovacion Urbana para la Movilidad Sostenible
PRUMS in Spanish). Our findings on the L2MB suggest that it is premature to identify
the effects of the announcement of the new metro line on real estate development projects
in terms of prices. We consider it important to continue carrying out this type of analysis
to determine whether the L2MB project will have effects on real estate development
projects once the tender is awarded. Considering that this is an underground line, it is
important to note that the analysis must incorporate the distances to the stations as a
control variable.

The present study has some limitations. First, the databases provided by Gl included
some key attributes for real estate development projects, but since the data are mainly
collected from the sales offices of developer agencies, other attributes included in the
hedonic pricing models in the literature, such as the floor location for each housing unit,
the provision of parking within each development project and its association with each
housing units, and other architecture characteristics of the housing units were not fully
available. Furthermore, some variables related to environmental aspects related to
pollution and air quality were not included in the analysis due to a lack of information at
the local level. The data analysis includes urban regulation data covering several blocks
and therefore the analysis may not capture changes in urban regulations at the parcel
level. While the citywide database of real estate development projects was accessed, the
data analysis has limitations regarding market dynamics at the regional scale, where
projects being developed outside of Bogota are a factor for the developer's decision.
Another limitation of our study consists of the effects of the COVID-19 pandemic on the
real estate market. In the year 2020, the real estate market slowed down due to the
increments in construction costs during the pandemic. We addressed this limitation by
extending our analysis until 2023 so that the changes in the trend are observed three years
after the pandemic.

6 Conclusion

The study of the effects of the future first line of the Bogotad metro constitutes an
important area of research considering that this large infrastructure project will have
impacts on the urban spatial structure, this research shows some of the anticipation
effects on the real estate market. This work provides evidence of the positive effects on
prices of real estate development projects due to the announcement of the first line of the
metro project. Indeed, the analysis shows that the project milestones in terms of political
decisions of the national and local governments regarding the metro have already
generated responses from the private sector in the real estate market. The findings of the
present paper provide a set of conclusions and recommendations for policymakers,
planners, practitioners, developers, and local communities.

The results of the research confirm that developers are already responding to the
announcements and progress of the first line of the Bogota metro project. The data
analysis shows that real estate development projects are already capturing some of the
expected accessibility benefits that this rail-based public transport project will generate in
the city. Given that the real estate market is having a positive reaction towards the first
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metro line project, it would be appropriate to define policy measures from the local
government that could guide these responses by generating incentives that promote more
compact urban forms in the areas served by the future stations, including opportunities to
improve the urban environment by promoting high-quality public spaces for pedestrians
and active mobility.

Likewise, we recommend studying the regulation of value capture mechanisms in
three-time frames. In the short term, we consider that the local government could capture
a percentage of the capitalization in real estate projects with a charge at the time of
approval of the construction licenses of the projects within the isochrones by the findings
of this study. In the medium term, we recommend that the EMB lead real estate
operations within the first isochrone where the value capture mechanisms allow financing
the urban development of the immediate surroundings of the future stations,
incorporating mechanisms such as greater buildability in exchange for the generation of
high-quality public space for active mobility. In the long term, we recommend that the
EMB identify two TOD pilot projects, one to be carried out in the PLMB and the other in
the L2MB. Pilot projects could incorporate management and financing instruments that
incorporate value capture mechanisms to finance urban development in the surroundings
of both stations by applying management and financing instruments that attract private
sector investment by incorporating cross-subsidies to guarantee the generation of the
social housing supply.

Another research finding of this work is related to the contrasts in housing typology
that are occurring, or not, within the area of influence of the future PLMB. The real estate
market is generating micro apartments within the area of influence of the future project,
with small housing units that mostly focus on promoting mixed and multi-facility
developments. However, this type of development is linked to rental markets with
increases in the parking areas offered to tenants. This implies a challenge or promotion of
transport-oriented development results within the area of influence of the future metro
project. Although there is an increase in the supply of social housing in some of the
sectors of the area of influence of the Metro project, this supply is not homogeneous and
in many cases is linked to the supply of micro-apartments. From an equity perspective,
this is another challenge given that low-income groups, who are users of public transport,
will have difficulty accessing land and housing in the areas that will be served in the
future by the metro project. Thus, it is important to define incentives linked to inclusive
housing measures that can help attract private developers with this type of housing within
the area of influence of the future PLMB.

Finally, we recommend continuing with the statistical and spatial analyses of the
effects that the Bogota Metro project may have on the urban spatial structure of the city
based on the findings of this study. New studies should include additional characteristics
of real estate development projects such as the number of floors, parking facilities and
changes to public facilities that may occur over time in the study areas. The EMB's Land
Occupation and Value Observatory (Observatorio de Ocupacién y Valor del Suelo OOVS
in Spanish) has the tools to carry out this type of analysis, which would allow the
identification of TOD pilot projects. These types of pilot projects have been carried out in
Brazil (Hobbs et al., 2021) and Peru (BID, 2023; JICA, 2022) under an inter-institutional
support scheme, and we consider that this type of exercise could be carried out in the case
of the Bogota Metro project. With the results of the statistical analysis, it is possible to
define public policies for the pilot projects so that new activity nodes can be consolidated
in the surroundings of the future stations, defining changes in the densities of the built
area about the distance to the future stations, as well as the definition of land uses in
terms of proximity to the Metro project infrastructure. We believe that the Bogota Metro
Company (EMB) could be the promoter and developer of real estate TOD pilot projects
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so that value capture mechanisms can be explored through the rents of new land
developments as well as those associated with changes in land use. Moreover, we
recommend the development of long-term post-construction studies looking at the effects
before and after of the Metro project of Bogota. These new studies could include
longitudinal data analysis by looking at the changes in the development projects over
time with the beginning of commercial operations of the first line of the Metro project,
which is expected to start operations in 2028.
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