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Abstract: This article aims to offer a novel perspective on investments in new multi-modal
and multi-service transportation hubs, examining their wider economic and social impacts.
Through a systematic literature review following a “What, When, Where” approach, as well
as a meta-analysis based on the results of selected studies, this research synthesizes existing
knowledge and identifies gaps in the field. Key findings indicate that developments of new
transportation hubs receive the most attention, particularly concerning their effects on real
estate and employment markets. Transit-induced gentrification is also widely discussed,
with evidence suggesting it may also affect the commercial sector. Additionally, this review
reveals that potential benefits can vary among stakeholders and may begin to emerge
not only once projects are operational but also as early as the announcement phase. This
article concludes that while investments in transport infrastructure are essential, they are
not sufficient alone for sustainable urban development. Complementary policies, such as
affordable housing, public safety initiatives, and the promotion of community engagement,
along with continuous impact monitoring, are key planning drivers for achieving inclusive
and sustainable growth. The insights obtained from this research may work as a knowledge
tool for designing more sustainable and effective transportation policies.

Keywords: WEIs; literature review; meta-analysis; station revamping; gentrification;
property values; investment announcement

1. Introduction

Transportation hubs play a crucial role in the efficiency and effectiveness of transport
networks at different levels. They constitute the main network nodes where various
transportation modes converge and become available to the user. Transportation hubs,
indeed, allow intermodal transportation in the system, providing seamless transfers of
passengers and efficient access and egress to and from the system, finally enhancing overall
mobility. Moreover, the concept of Transport Oriented Development (TOD) further enriches
this discourse by promoting urban development that is centered around public transport
facilities. TOD is a strategy that integrates public transportation investments and land-use
practices in order to create walkable and diverse neighborhoods in both city centers and
suburban settings, with a mix of residential, commercial, and recreational spaces within
walking distance of transit services [1,2].

Multimodal and multiservice transportation hubs are gaining increasing attention
as they need to be designed to accommodate new electric public transport services [3],
including emerging mobility solutions such as autonomous vehicles [4] and urban air
taxis [5].
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Interventions in these nodes, whether through the creation of new hubs or the revamp-
ing of existing ones, can have significant impacts on passengers” demand [6], travelers’
perceptions [7], travel times [8], and accessibility [9,10], inducing an increase in passenger
volumes and fostering the modal shift from cars to public transport [11].

Investments in transportation hubs not only produce direct transport-related bene-
fits (e.g., travel time reductions) but also tend to have additional non-transport benefits
(e.g., increase in economic activity) that extend beyond the transportation system itself (see ex-
amples in [12-14]). The improved accessibility of an area can stimulate economic activities,
increasing its attractiveness for residents and businesses and leading to increased property
values in the surroundings of the new or regenerated hub. Ref. [15] found that housing rents
near stations increased by 9.4% after the new Metro Line 7 started operations in Shenzhen,
China. The real estate market normally capitalizes on the accessibility gains derived from
these interventions, as highlighted in [16], where land price premiums were estimated in the
5-10% range for residences within a 300 m radius distance from newly-built Bus Rapid Transit
(BRT) stops, while for retail shops the impacts were more varied, ranging from 3% to 26%
premiums, after the introduction of this service in Seoul, South Korea.

Thus, urban transportation projects can influence land use by influencing the location
choices of dwellers and economic activities. For instance, an examination of how metro
networks impact land use revealed that stations in Hong Kong attract commercial office
development within 500 m, often displacing housing from the urban core [17]. In contrast,
Ref. [18] found that while Line B in Ecatepec, Mexico, increased density around stations, it
had little effect on downtown commercial growth.

In addition, transport interventions in relatively poor urban areas have the potential
to alter its socioeconomic and demographic characteristics: as the area becomes more
attractive for dwellers and activities, wealthier people move in, often displacing current
inhabitants in the process, whose lesser economic means cannot deal with the spike in
general life costs brought by the richer newcomer demographics. This phenomenon is
commonly known as transit-induced gentrification [19]. Ref. [20] traced the relocation of
residents in many cities of the United States from census tracts within five years of the
opening of a new station, between 1970 and 2014, finding that, effectively, low-income
people are more likely to move, regardless of their neighbourhood. Contrary to expectations,
transit-induced gentrification may more likely occur if the areas of intervention have been
experiencing public and private disinvestment [21].

These are just a few examples from the literature on the wider effects that can result
from public transportation hub interventions. However, several questions arise when ex-
amining the various impacts of such investments. Specifically, while reviewing, classifying,
and labeling these impacts, this research aims to answer the following research questions:

(i) Are there differences in the expected wider impact depending on the type of trans-
portation hub (e.g., railway stations vs. tramway stops)?

(ii) At what temporal stage of the intervention (i.e., announcement, short-term, medium-
term, or long-term) can these impacts be expected?

Given the wide array of these indirect effects, it is crucial to comprehensively under-
stand the full range of potential outcomes that could emerge from a new or upgraded
transportation hub. This understanding can offer significant added value to policymakers
and planning practitioners by providing them with the insights necessary to make more
informed decisions. These decisions, in turn, can enhance the economic, environmental,
and societal sustainability of transportation infrastructure. With rapid urbanization and
significant population growth in cities worldwide, the demand for efficient and sustainable
public transportation systems has increased, making the development and modernization
of transport hubs pivotal in meeting this demand.
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By conducting both a systematic literature review and a meta-analysis, this research
aims to select relevant literature on the topic and analyze how the broader impacts of trans-
portation interventions are addressed within it. Consequently, this article identifies and
addresses existing knowledge gaps, offering a novel perspective on the wider implications
of new and revamped transportation hubs. The insights gained from this research could
contribute to more informed transportation policies and projects, leading to tailored project
design and ultimately fostering sustainable development and improved quality of life.

The remainder of this paper is structured as follows: the overall systematic literature
review methodology adopted, as well as the data considered and their corresponding
elaboration, is presented in Section 2. Section 3 delivers the results of the meta-analysis
carried out over the database, while in Section 4, a discussion about key outcomes is
provided. Finally, the conclusions and final remarks of this literature review are presented
in Section 5.

2. Methods and Data

The systematic approach adopted in this research consists of four steps, as shown in
Figure 1 and described in the next subsections. The first two steps consist of a systematic
literature review aimed at creating the database to be analyzed and discussed in steps three
and four. In the first step, a database is created through the extraction and proper selection
of articles from two citation databases, Scopus and Web of Science (WoS). Following, the
extracted database is populated with information collected from the same articles, such
as the classification of the impacts studied. In the third step, all this gathered informa-
tion is analyzed from different perspectives through a meta-analysis approach to acquire
conclusive insights to be discussed in the final step of the process.

Database Database »| Meta-analysis
Extraction Population and Results

Discussion

Figure 1. Four steps of the methodological approach.

2.1. Database Extraction

The objective of the first step was to generate a selected group of articles to be analyzed
via a systematic literature review process. For this purpose, two citation databases were
utilized as sources: Scopus and WoS.

The flow diagram of the Database Extraction steps is presented in Figure 2, where the
construction and the selection phases are highlighted.
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Figure 2. Database Extraction flow diagram.
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2.1.1. Construction Phase

The WWW approach in the Construction phase allows the design of the queries to be run
on the citation databases. The idea behind this approach is to outline the scope of interest to be
investigated via the definition of a set of keywords over three dimensions: “What”, “When”,
and “Where”. The first term refers to the “What”. The keywords that were considered in this
group are related to the main action sought in this literary review, which is to primarily seek
evaluations, measurements, and assessments of impacts produced by the hub interventions.
In the “What” group, several keywords related to economic impacts were included, such as
impacts on housing prices and value uplift as well as wider types of effects.

The second group of keywords refers to the “When”, and it aimed at looking for cases
in which the stations are being regenerated or being constructed. In other words, this group
had to involve keywords related to the action of the intervention. The final group is related
to the “Where” and included all keywords that represent the type of transportation hub
being intervened, namely both stations and stops of different modes of transport.

Table 1 shows the list of keywords utilized in the WWW approach grouped by each
group. When performing the searches in Scopus and WoS, at least one of the keywords
of each group was considered. This means that in the final queries, an OR connector was
added between the keywords of each group, while an AND connector was placed between
the groups.

Table 1. List of keywords used in the WWW Approach.

What When Where

Impact Regeneration Railway station

Influence Revamping Train station
Assessment Renovation Metro station
Evaluation Renewal BRT station

Effect Reconstruction Transit station
Economic impact Invigoration Intermodal station
Economic effect Investment Transport station
Economic assessment Intervention Tram stop
Economic evaluation Bus stop
Accessibility Train stop
Equity Metro stop
Land-use

Transport interaction
Hedonic pricing
Housing prices
Housing value
Property value
Real-estate market
Real-estate value
Policy
Value uplift
Value capture
Exclusion
Interaction

After defining the keywords and performing the initial queries, filters for discipline
and document type were applied in the corresponding interphases. Slight differences
were found in the categories for discipline and document type. While Scopus considered
document types such as articles and book chapters, WoS included also review articles.
Regarding the disciplines, the exact terms used for these filters are shown in Table 2.
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Table 2. Discipline filter applied in Scopus and Web of Science.

Scopus WoS

Social Sciences Transportation

Engineering Engineering
Environmental Science Environmental Sciences Ecology
Business, Management, and Accounting Business Economics

Economics, Econometrics, and Finance Urban Studies

Multidisciplinary Geography
Decision Sciences Social Sciences Other Topics

Public Administration
Science Technology Other Topics

Finally, since the queries were performed in Scopus and WoS in parallel, a merge of
both databases was performed, followed by a corresponding deletion of the duplicates.
The overall result of the Construction Phase is shown in Table 3, which summarizes the
number of articles obtained at each step performed.

Table 3. “WWW"” approach result.

Step Scopus WoS
1 What 34,334,076 50,449,527
2 W + When 2,038,900 3,013,189
3 WW + Where 1910 795
4 WWW + discipline 1528 609
5 WWW + discipline + document type 1104 419
6 Merge and erase duplicates 1270

2.1.2. Selection Phase

The database obtained in the Construction phase included a great number of articles,
many of which were not directly related to the main topic of this literature review. Therefore,
a structured selection process was implemented to filter and retain only the most relevant
studies. This selection process consisted of three sequential filtering stages designed to
ensure that only studies aligning with the research objectives were included. The stages of
selection are as follows:

1.  First Filtering Stage: Initial Screening

The first filter aimed at excluding papers whose main topic is completely unrelated
to a passenger transportation topic in a fast and targeted way. This initial screening was
conducted by examining the title and the keywords of each article, allowing for a quick
and efficient exclusion of irrelevant studies. Here, articles related to the following topics
were removed from the database:

e  Non-transportation fields, including Hydrology, Ecology, Geology, Construction, Med-
ical and Health, and Cultural and Historical studies.

e Transport-related topics unrelated to passenger mobility, such as Energy and Emissions
(when not related to passenger transportation), Air and Sea Transportation, and Solid
Waste Transportation.

e  Other marginally related subjects, including Safety and Crime studies that do not
focus on passenger transportation hubs.

Following this stage, the number of articles was reduced to 835.
2. Second Filtering Stage: Abstract Review

In the second stage, a detailed review of the abstracts was performed to refine the
database further. The goal was to exclude articles that, despite mentioning passenger trans-
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portation, were not directly relevant to public transportation hubs and their interventions.
Articles excluded in this phase addressed topics such as:

Electric and Automated Vehicles (not in the context of transportation hubs).
Emissions in transportation (without a specific focus on public transport hubs).
Freight transportation.

New technologies in transportation (not directly related to station interventions).
Road network optimization.

Safety studies not explicitly concerning transportation hubs.

COVID-19-related mobility studies without a connection to hub interventions.

After this filtering stage, 316 articles remained for further evaluation.
3. Third Filtering Stage: Full-Text Review

The final selection stage involved an in-depth review of the full text of the remaining
articles to ensure their direct relevance to the study. At this point, each paper was assessed
based on three essential inclusion criteria:

e Intervention-based Analysis: the paper had to consider a form of intervention or
investment in a transportation hub, allowing for a “before and after” comparison.

e  Focus on Transportation Hubs: the study had to explicitly analyze a transportation
hub, such as a train station, metro station, or bus stop.

e Impact Consideration: the paper had to examine at least one form of impact resulting
from the intervention.

If an article failed to meet any of these criteria, it was excluded from the final dataset.
This rigorous review process ensured that only the most relevant studies were included in
the final analysis.

As a result, the number of papers included in the final literature review was 156.

2.2. Database Population

Through a full-text analysis, the second step of this systematic literature review con-
sisted of populating the database of information about the contextual features of each
article, the methodological features of the case study, and a classification of derived impacts.
The objective of this step was to generate the information needed for the meta-analysis,
which is aimed at identifying possible relations between the impacts and factors examined
in the papers. The information added to the database is described below.

2.2.1. Fields Related to the Context of the Case Study

By reading the papers, the first pieces of information identified were geographical
context, scale of analysis, mode of transportation, and type of project involved. This
information was added to the Extracted Database in the form of new fields, which already
contained the following fields: Digital Object Identifier (DOI), Title, Author, and Year.

Therefore, the new fields were as follows:

o  (City: city of the case study.

e  Country: country corresponding to the city of the case study.

e  Geographical Zone: major geographical region where the country of the case study is
located.

e  Scale of Analysis: Geographical scale that is covered in the study to measure the poten-
tial impacts. It can adopt five levels of extension, from smaller to wider: Neighborhood,
Urban, Metropolitan Area, Regional, and National.

e  Mode of Transportation: The public transport mode that is involved in the case study.
The modes, sorted from slower to faster, were: Bus, Bus Rapid Transit, Tram, Light
Rail Transit, Metro, Railway, and High Speed Train.



Sustainability 2025, 17, 1767

7 of 26

e  Hub Intervention: this field identified if the hub analyzed in the article was subject to
a renovation (Hub Revamping) or if it was newly constructed (New Hub).

e  Type of Project: This field included information on the nature of the intervention
carried out, such as Station Revamping, New Station or Stations, Line Revamping,
New Line or Lines, and Network Expansion.

Project Phase Analysis: The articles selected mainly refer to the impacts produced by
the regeneration or construction of a station once it has entered into operation (Opening).
However, in some cases, the analysis was made over phases different than the opening,
such as the construction phase or the announcement of an intervention (Announcement or
any phase prior to the opening).

2.2.2. Fields Related to Applied Methods and Approaches

The methodological aspects of the papers were also considered with the aim of identi-
fying factors that could influence the classification of impacts. In other words, factors like
the type of analysis or the time horizon used in the studies were added with the aim of
studying their relation with the effects of revamping or the construction of a new station.

Thus, the following fields concerning the approaches and methods employed in the
articles were defined when populating the matrix of papers:

e  Type of Analysis: whether the study considers a quantitative or qualitative approach.

e  Exante/Ex post: whether the analysis of the impacts carried out in the study considers
the evaluation of the situation before the intervention, after the intervention, or both.

e Time Horizon: indicated the evaluation period considered in the study to assess the
potential impacts and effects from a hub intervention. A combination of the following
values was also allowed: Short Term (less than 2 years), Medium Term (between 2 and
10 years), and Long Term (more than 10 years).

2.2.3. Definition and Classification of Impacts

The categorization of impacts examined in the extracted database was performed
starting from the sustainability definition reported in Ref. [22], which allows for a classifica-
tion of effects over three dimensions: economy, society, and environment. The impacts are
categorized as economic if they either act upon macro and micro economic variables (e.g.,
employment rate and household income) or on external markets (e.g., real estate and labour
markets). Instead, social impacts are categorized as such if they fall under the sphere of per-
sonal and communal well-being (e.g., health, physical activity, and safety) or, alternatively,
demographic change (e.g., gentrification). Finally, environmental impacts are classified as
observed changes in the urban or natural environment (e.g., carbon emission reduction and
land use change). Naturally, articles can be labelled under multiple categories.

As seen in Table 4, a total of 16 impacts were defined over the three proposed dimensions.

Table 4. Category of impacts and classification.

Sustainability Dimension Impact

Economic Residential Property Values
Residential Location
Commercial Property Values
Commercial Location
Land Values
Employment and Income
Health Care Costs

Social Walking Behavior
Gentrification
People’s Perception




Sustainability 2025, 17, 1767

8 of 26

Table 4. Cont.

Sustainability Dimension Impact
Safety
Mode Choice
Other Social Impacts
Environmental Land Use and Development

Vehicle Distance Travelled
Air Pollution

After assigning one or more impact categories to each article, the database was ready
for analysis and a subsequent discussion of the results. These steps involved conducting a
meta-analysis and reviewing the impact findings, as detailed in the next chapter.

3. Results
3.1. General Analysis

The extracted and populated database presents several worldwide cases of study,
but most of the experiences addressed come from the United States and China, as shown
in Table 5. If all the European countries are put together, they represent around the
same quantity of experiences analyzed in China, whereas less evidence comes from other
continents as South America, Oceania, and Africa.

Table 5. List of countries of the case studies.

Country Articles Country Articles Country Articles
us 45 France 2 Turkey 2
China 30 Brazil 2 Not specified 2
Hong Kong 8 Brazil 2 Belgium 1
Australia 7 Chile 2 Ecuador 1
Italy 6 France 2 Finland 1
Canada 5 India 2 Germany 1
Spain 5 Iran 2 Greece 1
UK 5 Malaysia 2 Indonesia 1
South Korea 4 Netherlands 2 New Zealand 1
Colombia 3 Sweden 2 Qatar 1
Japan 3 Taiwan 2 Singapore 1
Brazil 2 Sweden 2 South Africa 1

Chile 2 Thailand 2

An increase in the interest in analyzing the impacts derived from new transportation
hubs and hub revamping has been registered over the years. Figure 3 shows the number of
publications per year: in 2023, the largest amount was reached, while prior to 2007, there
was little attention paid to this topic. At the time of extraction of the initial database from
Scopus and WoS, only three articles were published in 2024.
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Figure 3. Publications of the database per year.
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Regarding the type of analysis implemented, almost all the papers employed quantita-
tive research, while only 9 papers in the database used a qualitative analysis (corresponding
to 6% of the database).

When analyzing the time horizon considered in the papers, the most analyzed time
frame was the medium term, which lies between 2 and 10 years of analysis. Regarding
the long term, only 18 papers out of 156 focus on this time frame, while 10 articles enclose
analysis in the three periods. There are also 22 papers that assess the impacts in the short
and medium term, and 7 papers in the medium and long term, being the fewer.

Figure 4 shows the distribution of the articles according to the temporal perspective
applied. A total of 6 papers did not specify any time horizon regarding their analysis.

60

40 37

/

ST ST-MT MT MI-LT LT

Figure 4. Distribution of papers according to Time Horizon (ST: Short Term, less than 2 years,
MT: Medium Term, between 2 and 10 years, LT: Long Term, more than 10 years).

The database analyzed provided case studies in different modes of public transportation,
with metro systems being the most explored, studied in 79 papers. A total of 37 articles refer
to light rail transit, whereas 24 refer to heavy railway systems. Moreover, 15 papers address
case studies involving high-speed rails, 8 bus rapid transit, 5 tram, and 2 bus systems.

Regarding the scale of analysis, the most studied one is the neighborhood scale, studied
in 74 articles, followed by the urban level with 66 cases. With a substantially lower presence,
there are articles that consider a metropolitan area, regional, and national scales in 9, 5, and
1 papers, respectively. A total of 3 articles did not specify the scale of analysis adopted.

While analyzing the relation between the scale of analysis and the modes of transporta-
tion in the case studies, it can be seen the strong connection between the metro systems
and the neighborhood and urban scales, given the extent of the impacts that heavy rail
transit could induce. The effects produced by interventions to metro systems are usually in
a range inside the city’s boundaries and, as the literature provides, mainly concentrated
near stations. Figure 5 shows the relations between the different modes of transport to the
left and the scales of analysis to the right. As expected, the only case that adopts a national
level of analysis addresses a high-speed rail intervention case.
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Figure 5. Relation between Mode of Transportation and Scale of Analysis.

The impacts of transport hub interventions can vary significantly depending on the
type of transportation mode involved. Each mode affects the surrounding area differently
due to variations in speed, capacity, and range.

Metro systems, with their high capacity, frequency, and ability to serve dense urban
areas, tend to produce the most pronounced impacts at both the neighborhood and urban
scales. In addition to often leading to substantial increases in property values near stations
and influencing local economic activities, metro hubs are also known to significantly alter
land use patterns, triggering gentrification processes in nearby neighborhoods. The social
impacts, including shifts in mobility patterns and access to economic opportunities, are
also more significant due to the metro’s ability to connect large numbers of people to key
urban areas.

In contrast, LRT systems, which generally offer lower capacity and slower service
than metro systems, tend to have more localized impacts, often confined to the immediate
neighborhoods around stations. While they also promote gentrification and economic
development, their effects are typically less pronounced than those of metro systems,
especially in lower-density areas.

BRT systems, while similar to LRT in terms of capacity, generally produce fewer
long-term social and economic impacts. Since BRT systems are often implemented within
existing road networks, their ability to reshape the urban environment is more limited.
However, their impact on local mobility and accessibility can still be significant, particularly
in cities with heavy traffic congestion, though they are less likely to induce gentrification
compared to metro or LRT systems.

HSR and railway systems, on the other hand, operate at a regional or national scale,
leading to impacts that are often less localized than those of metro, LRT, or BRT systems.
While these systems can stimulate economic development and alter mobility patterns across
entire regions, their social and economic impacts are typically observed at the metropolitan
or even regional scale.

The classification of impacts performed in the Database Population step shows the
following distribution: 84 articles were categorized with economic impacts, 36 with social
impacts, and 22 with environmental impacts. Besides, 5 articles were considered to have
both economic and environmental impacts, 5 of them were classified with economic and
social impacts, and 4 shared environmental and social impacts at the same time. This shows
that more than half of the papers address economic effects, while 26% of them analyze
social impacts. Finally, around 17% of the papers refer to environmental results.
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Breaking down each specific type of impact, the distribution shows a strong preva-
lence of papers analyzing the effects of station revamping on residential property values,
classified as an economic impact, representing 35% of the database. Impacts on land use
and development, on the other hand, are the second most analyzed type of impact and the
first one in the environmental impacts category. Land use impacts account for 16% of all
cases, while impacts on employment and income make up 11%.

On the other hand, the least explored impacts are safety, air pollution, and health care
cost, along with other social impacts, where each of them accounts for three articles at most.
The whole distribution of papers by type of sustainability impact category is shown in
Figure 6, while that by detail impact category is shown in Figure 7. It is important to recall
that some articles were assigned to more than one type of impact.

Economic
84

Environmental

o) Social
36

Figure 6. Distribution of articles by Sustainability Impact Category.

Residential property values | NNINIENELGEGEGEGEGEGEGEGEGEGENENEGENENENEEEEEEEEEEEEN 54
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|
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Figure 7. Distribution of the articles by Impact Category.

3.2. Distribution of Impacts

Table 6 shows the result of sorting the impact by scale of analysis, as well as the
number of papers in each category and their corresponding source. The scale of analysis is
presented in order from wider to smaller scale.
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Table 6. Impacts related to the Scale of Analysis.

Scale of Analysis Impact N° Papers Source
National Employment and income 1 [23]
Regional Employment and income 2 [24,25]

Land use and development 1 [26]
Residential location 1 [8]
Mode choice 1 [27]
Metropolitan Area Mode choice 3 [28-30]
Land use and development 2 [31,32]
Commercial property values 1 [33]
Land values 1 [34]
Employment and income 1 [32]
Vehicle distance travelled 1 [28]
Other social impacts 1 [35]
People’s perception 1 [29]
Residential property values 1 [36]
Walking behavior and physical activity 1 [30]
Urban Residential property values 24 [12,15,37-58]
Land use and development 11 [18,51,53,59-66]
Employment and income 7 [44,51,67-71]
Commercial property values 6 [42,44,51,72-74]
Land values 6 [52,57,75-78]
Mode choice 5 [6,18,27,79,80]
Residential location 4 [44,81-83]
Walking behavior and physical activity 4 [84-87]
Commercial location and consumer amenities 3 [44,88,89]
Air pollution 2 [90,91]
People’s perception 2 [90,92]
Gentrification 2 [83,93]
Health care cost 1 [94]
Other social impacts 1 [95]
Safety 1 [96]
Vehicle distance travelled 1 [97]
Neighborhood Residential property values 28 [16,71,98-123]
Gentrification 12 [20,21,111,124-132]
Land use and development 11 [17,110,116,133-140]
Land values 7 [16,102,119,141-144]
Employment and income 6 [120,130,132,145-147]
People’s perception 6 [42,148-152]
Commercial property values 5 [73,99,110,153,154]
Commercial location and consumer amenities 3 [155-157]
Walking behavior and physical activity 3 [158-160]
Mode choice 3 [11,125,161]
Safety 2 [162,163]
Vehicle distance travelled 2 [11,164]
Residential location 1 [131]

From the analysis of categories and the relation with the scales of analysis, it can be
seen that most of the studies focus their efforts on smaller scales, being neighborhood
and urban, and the principal category evaluated is the residential property value. They
represent 31% and 33% of the neighborhood and urban scale, respectively. These sizes of
scales also provide a higher amount of evidence to be analyzed, probably due to the context
of stations and stops.

On the contrary, less attention is paid to residential values when the scale of analysis
is wider, as the scale of metropolitan area is used in 8% of the papers, and no papers were
found using the regional and national scales regarding this economic impact. In this case,
the category “employment and income” appears as the only type of impact addressed at
the national scale and the most important at the regional scale.

The impacts and the distribution according to the modes of transportation are pre-
sented in Table 7, following an order from the faster mode to the slower one, along with
the corresponding number of articles and each ID.
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Table 7. Impacts related to the Mode of Transportation.

Mode of Transport Impact N° Papers Source
HSR Employment and income 5 [23-25,44,70]
Land use and development 3 [63,138,139]
Residential location 3 [8,44,81]
Residential property values 3 [36,44,45]
Commercial location and consumer amenities 2 [44,89]
Other social impacts 2 [35,95]
Commercial property values 1 [44]
Railway Residential property values 6 [12,42,75,122,123,165]
Land use and development 6 [26,59-62,140]
Land values 3 [77,78,144]
Commercial property values 2 [42,165]
Employment and income 2 [67,120]
Mode choice 2 [27,166]
Gentrification 2 [20,131]
People’s perception 1 [92]
Residential location 1 [131]
Other social impacts 1 [95]
Safety 1 [96]
Walking behavior and physical activity 1 [160]
Metro Residential pro ertff values 30 [15,38-41,46,47,50,53,57,58,98,100-102,104-106,108-112,114-116,119,121,152,165]
Land use and development 15 [17,18,31,32,51,53,64-66,110,116,133,134,137,139]
Mode choice 8 [6,18,27,29,30,79,125,161]
People’s perception 7 [29,90,92,148-150,152]
Commercial property values 6 [51,72,74,110,154,165]
Walking behavior and physical activity 6 [30,84,85,87,158,159]
Employment and income 5 [32,51,132,146,167]
entrification 5 [111,125,127,128,132]
Commercial location and consumer amenities 4 [88,155-157]
Land values 3 [34,75,143]
Air pollution 2 [90,91]
Vehicle distance travelled 2 [28,97]
Safety 1 [163]
Other social impacts 1 [95]
LRT Residential property values 13 [37,43,48,49,54-56,71,99,103,113,118,165]
Gentrification 6 [21,83,93,126,129,130]
Commercial property values 5 [33,73,99,153,165]
Employment and income 4 [130,145-147]
Land values 3 [76,141,142]
Mode choice 2 [11,80]
People’s perception 2 [129,151]
Residential location 2 [82,83]
Vehicle distance travelled 2 [11,164]
Walking behavior and physical activity 2 [86,168]
Safety 1 [162]
Health care cost 1 [94]
BRT Residential property values 4 [16,52,107,117]
Employment and income 2 [68,146]
Land values 2 [16,52]
Gentrification 1 [124]
Land use and development 1 [136]
Tram Employment and income 3 [67,69,120]
Land use and development 1 [135]
Mode choice 1 [27]
Residential property values 1 [120]
Bus Employment and income 1 [120]
Residential property values 1 [120]
Land use and development 1 [139]

Similarly to what happens for the scale of analysis, and as it can be seen in Figure 6,
studies that consider metro as transport mode offer the greatest number of evidences,
probably due to the characteristics of this mode of transportation; among many urban
transportation systems, such as regular buses, BRT, trams or LRT, metro systems provide
the highest performance in terms of speed, frequency, comfort, and capacity for the users,
making this mode the one that can cause the most impact in the urban context, at both
neighborhood and urban scales.

In this context, metro cases provide the highest number of papers that address social
impacts, including effects on mode choice and people’s perception, although the proportion
of articles regarding gentrification is slightly higher in LRT cases. It is interesting to note
that the phenomenon of gentrification is strongly related to the neighborhood scale rather
than to wider scales. For the extracted database, this would be the case of light rail transit
systems, in which 54% of the cases consider neighborhood levels, whereas 51% do in articles
related to metro systems. Regarding the articles analyzing regular bus systems, the only
scale presented is the neighborhood scale.

Table 8 presents the distribution of impacts considering the two types of hub inter-
vention defined in this review: new hub and hub revamping. Out of 156 papers in the
database, 137 address cases in which new hubs are developed, 15 focus the analysis on hub
revamping, and 4 evaluate both cases.
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Table 8. Impacts related to the Hub Intervention.
Hub Intervention Impact N° Papers Source
New Hub Residential property values 51 [12,15,36-43,45-58,71,98-119,121-123,165]
Land use and development 19 [17,18,31,51,53,59,60,64-66,110,116,133-139]
Employment and income 14 [23-25,51,67-70,130,132,145-147,167]
Gentrification 13 [20,21,83,93,111,124-126,128-132]
Land values 12 [34,52,57,75-78,102,119,141-143]
Commercial property values 11 [33,42,51,72-74,99,110,153,154,165]
Mode choice 11 [6,11,18,28-30,79,80,125,161,166]
Walking behavior and physical activity 9 [30,84-87,158-160,168]
People’s perception 8 [29,90,129,148-152]
Commercial location and consumer amenities 5 [31,89,155-157]
Residential location 5 [8,81-83,131]
Vehicle distance travelled 4 [11,28,97,164]
Air pollution 2 [90,91]
Safety 2 [162,163]
Health care cost 1 [94]
Other social impacts 1 [35]
Hub Revamping Land use and development 8 [26,32,59-63,140]
Residential property values 4 [16,44,120,165]
Employment and income 4 [32,44,67,120]
Commercial property values 2 [44,165]
Gentrification 1 [127]
Land values 1 [144]
Mode choice 1 [27]
Other social impacts 1 [95]
People’s perception 1 [92]
Safety 1 [96]
Residential location 1 [44]
Commercial location and consumer amenities 1 [44]

It can be highlighted that, in the literature, the main concern regarding a station
revamping is the impact on land use and development, being assessed in 42% of these
papers (8 out of 19 cases considering station regenerations), instead of impacts on residential
property values, as it is the case when it comes to new station cases. In other words, more
interest is shown on how the distribution of activities and the socio-spatial attributes of the
neighborhoods are modified rather than on the effects that regenerations produce on the
residential property values (this last category represents 15% of the papers dealing with
hubs revamping), though the two impacts are closely related to one another. This could be
explained by the fact that revamping a station or a stop is not as influential on real estate
prices as building a completely new infrastructure.

Finally, Table 9 presents the impacts and their distribution according to the project
phase under scrutiny, that is, whether it is an announcement or an opening of a station.
Table 9. Impacts related to the Project Phase Analysis.

Phase Analysis Impact N° Papers Source
Announcement Residential property values 12

[37-40,48,54,55,71,99,100,104,121]
141,142

Land values 2
Land use and development 2 [138,140]
Commercial property values 2 [99,153]
Other social impacts 1 [95]
People’s perception 1 [150]
Announcement + Opening Residential property values 1 [109]
Safety 1 [162]
Opening Residential property values 40 [12,15,16,36,41-43,45-47,49-53,56-58,98,101-103,105-108,110-120,122,123,165]
Land use and development 22 [17,18,26,31,51,53,59-66,110,116,133-137,139]
Employment and income 15 [23-25,51,67-70,120,130,132,138,145,147,167]
Gentrification 14 [20,21,83,93,111,124-132]
Land values 11 [16,34,52,57,75,76,78,102,119,143,144]
Mode choice 10 [6,11,18,28,29,79,80,125,161,166]
Commercial property values 9 [33,42,51,72-74,110,154,165]
People’s perception 8 [29,90,92,129,148,149,151,152]
Walking behavior and physical activity 7 [84-86,158-160,168]
Commercial location and consumer amenities 5 [88,89,155-157]
Residential location 5 [8,81-83,131]
Vehicle distance travelled 4 [11,28,97,164]
Air pollution 2 [90,91]
Safety 1 [163]

In the database, 126 articles assess the impacts of openings of both revamped or new

stations, 19 papers consider the announcements as the intervention to be evaluated, and
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2 papers examine both cases. In addition, there are 9 studies in the database that were not
classified within this dimension as they evaluated hypothetical cases and simulations.

When only an announcement is evaluated, the interest lies mainly in the impact on
the residential property values, with 63% of the cases, and just a few of them analyze social
impacts like people’s perception and other social impacts. One possible explanation for
finding such a difference in the number of papers addressing property value impacts over
the other kinds of effects is that it has been observed that the real estate market reacts not
only when interventions change the configurations of urban areas but also when statements
and reports from government and authorities are communicated, like, for example, the
announcement of new metro lines or expansions in the network. Moreover, even though
announcements may produce other types of impacts, property prices are more quantifiable,
thus easier to observe and analyze.

4. Discussion

Results in Section 3 showed that investments in transportation infrastructure do not
always produce uniformly positive impacts. While the intention behind such investments
is typically to enhance urban mobility and stimulate economic growth, the actual effects
can vary significantly. The literature review also highlights that potential benefits may
emerge even in the early stages of these projects, such as during the announcement or
construction phases. These anticipatory effects can influence property values, economic
activities, and social dynamics before the projects are even completed. However, the
impacts of these investments are not uniform and may vary—sometimes conflicting—
across different population segments. This variability underscores the importance of
considering diverse perspectives and socio-economic contexts when assessing the potential
success of transportation hub investment projects. Therefore, the results can be summarized
into three main outcomes, which are further discussed below.

4.1. Investment and Adverse Impacts

The primary positive impact of these interventions is the expected improvement in
accessibility for individuals; however, it is important to recognize that transportation in-
vestments can also lead to negative consequences, such as gentrification. This phenomenon,
characterized by adverse effects, often occurs when a new station is built or transportation
services are either enhanced or introduced, driving up property values and making the
area more desirable due to improved accessibility. While this can be beneficial for property
owners, it often results in higher rents and property taxes, which can displace lower-income
residents [128]. On the other hand, higher-income households are more likely to move near
new or improved stations due to the increase in the area’s attractiveness, feeding a rising
demand for housing and consequently pushing prices up.

Additionally, real estate developers and investors are attracted to start operating in
the area, seeking to capitalize on the increased demand for land. This process intensifies
the competition for housing and commercial spaces, worsening the affordability issues for
the original residents.

The social consequences of transportation-induced gentrification can be profound, as
long-standing communities may be displaced, losing not only their homes and cultural
identity but also access to affordable services and local jobs. This displacement is often
accompanied by social exclusion, where former residents are pushed out to the periphery
of the city, often to areas with fewer services and opportunities.

Evidence of gentrification can also be observed in instances of station revamping projects,
as in the North London suburban railway line transformation between 2008 and 2011, ex-
amined in Ref. [127]. In this project, the historic line was improved and rebranded into a
high-quality service named “London Overground”. Although conceived to regenerate de-
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prived areas of East London and open access to new opportunities outside the borough to its
residents, the improvements fostered gentrification, which translated into, for example, rising
rents and the exclusion of lower-income residents from employment opportunities.

In order to reduce this impact, several policy strategies can be employed regarding
affordable housing, where governments can mandate a percentage of new developments
near transportation hubs to be reserved for affordable housing; anti-displacement strategies,
where institutions can implement rent stabilization programs or property tax abatements
to help protect existing residents from displacement; and community participation, where
local communities are included in planning decisions ensuring that transportation projects
align with their needs and aspirations, reducing the likelihood of displacement.

Apart from the evidence of gentrification, and contrary to expectations, negative
impacts can also be found in other sectors of the economy. Ref. [41] employed a machine
learning approach to identify types of apartments that suffered a value drop from the
opening of a new metro line in Seoul, South Korea, in 2009. They found that the introduction
of the metro stations of Line 9 lowered prices in many apartments in the Central Business
District (CBD) of Gangnam, mainly due to the fact that people are willing to pay less for
this central location when they can more easily access it from other locations. In other
words, residents can decentralize and still access this important location using the new
service. A particular fact is that, as stated by the authors, in South Korea the rent is not
made of monthly payments but of a two-year deposit in advance, unlike in many other
countries. this system suggests that the willingness to pay for proximity to the CBD is not
determined by the deposit amount itself, but rather by the opportunity cost—specifically,
the lost interest that tenants would have earned if they had invested that money instead of
using it for rent.

Negative impacts, particularly affecting small firms, can also be witnessed for com-
mercial profitability, as stated in Ref. [93]. In this study, the authors examined the opening
of the Green Line LRT in Minneapolis and St. Paul, Minnesota, in 2014, finding that single
location firms within a 750 m distance of a new LRT station were negatively affected by its
opening, with an average sales contraction of 13% compared to further away establishments.
One possible explanation is the reduction of car-parking spaces near the stops that was
carried out along the design and construction of the new line, affecting the demand that
used private vehicles to go shopping. This is something that could have been observed due
to the condition of light rail transit systems that are constructed at street level but usually
require a larger amount of space to settle the stops, compared to regular bus systems.

Finally, safety is also an issue of concern for public transportation stations and their
surroundings as places of public use. Among several other social impacts, evidence of rising
crime from the opening of new lines and stations has been reported by many authors. [163]
showed that, by means of a difference-in-difference model, thefts around the new stations
significantly increased after the implementation of new metro lines in Guangzhou, China.

This raises the alert of assuming that all transport-related investments produce pos-
itive impacts. Moreover, the range of both positive and negative effects is so wide that
several experts and different disciplines must be considered when designing, planning,
and implementing public interventions. This would help to have a better forecasting of
impacts, promoting the beneficial ones and abating the negatives.

4.2. Potential Benefits from Early Announcements

The literature review also shows that potential benefits may arise even from the
announcements of projects, usually impacting property values. When a new station or
revamping project is announced, the market capitalizes the accessibility increase even
before the actual opening. This is something more visible in property values than in rents,
as the decision to buy a house is a long-term choice, whereas rents are more related to short-
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and medium-term choices. As seen in Table 10, several authors have examined the changes
in property values that arise from the announcement of the construction of various rail
transit systems. Among them, Ref. [40] have reviewed property value premiums derived
from the announcement of new metro stations, whereas Ref. [48] have conducted the same
analysis but on light rail transit stations. The results found in these articles show value
uplifts from 3.3% up to 11.3%, with the potential to increase further after the opening of the
stations. Table 10 shows a summary of these results with the specific value for each case.

Table 10. Impacts on residential property values coming from announcements.

Source Mode and Scale Increase of In
[40] Metro—Urban 10.5% and 6.5% Flats and houses on sale logated within 1.5 km from the future metro
stations, respectively.

[48] LRT—Urban 3.44% Price premium for single-family housing.
[37] LRT—Urban 3.3% and 3.1% Properties located within the 400 m radius from the station at

. = o announcement stage and at the construction stage, respectively.

, . o, o At the construction stage, residential prices rose an average of 0.037% for

(104] Metro—Neighborhood 0.037% for every 1% every 1% reduction in the distance to the nearest metro station.

[99] LRT—Neighborhood 4% and 11.3% Single-family proper’nsf‘etsa ?lr(l)i ;()rr;:l;;rc’ttlin‘/l:lr;s sold within 1 mile of
[38] Metro—Urban 4.2t07.9% Average apartment depending on distance inside 1 km from the stations.
[121] Metro—Neighborhood 6.5% Property value premium within 400 m radius from the stations.

The early announcement of transport hub interventions can lead to significant in-
creases in property values, even before the infrastructure is completed. This creates an
opportunity for policymakers to adopt proactive strategies that address potential conse-
quences, such as speculative price hikes or early-stage gentrification. To manage these
effects, policymakers can regulate land development in areas surrounding announced
transport hubs through policies that promote affordable housing and community-oriented
projects. Another critical policy intervention would be the early implementation of rent
control or stabilization measures, which could protect low and middle-income residents
from the immediate effects of rising property prices. These measures can ensure long-term
affordability before the completion of infrastructure projects and would prevent sudden
displacement of vulnerable groups rather than worsen inequality.

Regarding the different types of transportation hubs, metro systems have the potential
to generate greater effects following announcements compared to other transit modes, such
as LRT and BRT. This is primarily due to the longer planning, construction, execution, and
operational startup times associated with metro projects. The complexity of metro systems,
requiring extensive underground or elevated infrastructure and higher capital investments,
means that their development is often announced years or even decades before the system
becomes operational.

Because of these long timelines, metro projects become well-known to the public and
investors far in advance, allowing market speculation and land value changes to occur
much earlier than with other urban transportation systems, which typically have shorter
planning and construction periods. As a result, the anticipation of improved accessibility
and increased economic activity around future metro stations can lead to greater impacts,
particularly in property values.

Social effects from the announcement of interventions in transportation hubs have also
been studied in literature. Ref. [150] showed impacts on people’s perceptions prior to the
completion of the construction of new metro stations in Thessaloniki, Greece. The research
explored citizen satisfaction and perceptions of their neighborhood before the opening
of the new line and investigated their awareness of TOD'’s potential for the regeneration
of metro areas. The results highlight strong initial opposition among citizens for the
construction of the new metro line. Furthermore, through the conduction of a questionnaire
survey in the areas of two future metro stations, the authors found major concerns from



Sustainability 2025, 17, 1767

18 of 26

residents about public space, walkability issues, transit quality, and the positive effects that
the metro could offer regarding urban revitalization and development.

Finally, safety is an important social dimension that is highly impacted by transport-
related investments. The debate over crime and public transport investments usually
focuses on whether such interventions foster criminal activities around new stations or
move crime out of the inner city towards the suburbs. To prove this hypothesis, Ref. [162]
analyzed the case of the LRT system in Charlotte, US, in which they used Geographical
Information Systems and micro-level data on reported crimes before and after the an-
nouncement and opening of the new line. Contrary to expectations, the authors found
that the announcement of the station locations led to a decrease in property crimes, which
remained relatively stable after the LRT began to operate.

Community engagement plays a crucial role in ensuring that the benefits of early an-
nouncements are equitably distributed. Policymakers should include residents in decision-
making processes related to infrastructure projects, ensuring that the local community is
present in the process of shaping development and fostering a sense of ownership and
acceptance. By actively involving residents, the community is more likely to embrace the
changes and feel that their concerns and needs are being addressed.

4.3. Conflicting Impacts Among Different Population Segments

The development of new and revamped hubs is often seen as a catalyst for urban
growth and increased accessibility. However, these infrastructure improvements can
produce conflicting impacts on different segments of the population.

As noted in Section 4.1, the problem of gentrification is, by definition, a consequence
of an urban intervention that affects the population differently, depending on their socio-
economic status. Commercial gentrification is another example of how impacts put different
stakeholders in conflict. Small-firm businesses that provide goods and services to the
original residents may be replaced by more upscale chain establishments that serve the new
wealthier demographic. Commercial gentrification, then, is not only about the displacement
of existing businesses but also about the mutation of the commercial landscape itself,
which, in turn, can lead to a subsequent demographic displacement, as these newcomer
activities may not serve the needs of the original community, which is pushed to move
out of the area. Therefore, transit-induced gentrification, acting on both the demographics
and the commercial sphere, has the potential to reinforce its adverse effects with one
element feeding the other. This feedback loop can amplify the drawbacks of transportation
developments if not properly addressed.

Additionally, conflicting impacts between demographic segments can also be observed
from other points of view. For instance, as shown in Ref. [160], population groups might be
affected differently by the opening of new suburban railway stations in Tokyo, Japan, as the
evidence shows that some are benefitting more than others in terms of willingness to walk.
Ref. [95] found that while workers and the public experienced significant benefits from the
Fengtai Station redevelopment in Beijing, such as enhanced rights and public participation,
value chain participants, users, and local communities saw minimal benefits, with limited
economic stimulus for the already developed city.

5. Conclusions

This research reviewed the wider impacts of new and revamped transportation hubs,
synthesizing existing knowledge and identifying gaps. A structured database enabled a
meta-analysis of sustainability-related effects. This allowed the highlighting of key insights
regarding transportation hub interventions and their broader outcomes, based on what
scholars have investigated on this topic.

The key findings of this work can be summarized as follows:
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The literature tends to prioritize the research on new transportation hubs’ effects, often
overlooking the impacts and benefits of upgrading existing stations. However, station
revamps can significantly improve urban mobility, accessibility, and sustainability.
Housing prices typically increase around revamped and new transport hubs due to
the improvement in accessibility capitalized by the housing market, even before the
actual infrastructure completion. The higher the accessibility improvement, the greater
the uplift on property values.

The impact of transportation hub interventions varies by hub type. Metro hubs
generate greater property value increases at the announcement stage than other urban
transportation system hubs due to longer planning and construction timelines, leading
to earlier market speculation.

Particular attention was given to the social impacts. Gentrification, both demographic
and commercial, leads to the displacement of lower-income residents and small busi-
nesses; also, commercial gentrification can transform the retail environment, impacting
local economies and communities” identities. Additionally, changes in walking behav-
ior are perceived after hub interventions, with notable differences across genders and
age groups.

Investment in transport infrastructure is a necessary but not sufficient condition for fos-
tering sustainable urban development. They must be accompanied by complementary
policies and initiatives.

To ensure that transportation hub developments contribute positively to urban sustainabil-

ity and social equity, the following recommendations highlight key areas for policy intervention:

Implement policies that protect affordable housing and prevent displacement due
to rising property values. Rent control measures, zoning regulations, and incentives
for small businesses can foster neighborhood upgrading while reducing the risk of
demographic and commercial displacements. Such mitigation policies should be im-
plemented, or at least kickstarted, at the earliest stages of the project’s implementation.
As the literature shows, property values may be impacted as soon as the project is
announced, potentially leading to speculation and early-stage gentrification.
Enhance public safety infrastructure, such as improved street lighting, pedestrian
infrastructure, and community policing, to foster a safer and more inclusive urban
environment, particularly around transport hubs where increased pedestrian traffic
can raise security concerns.

Encourage community engagement, involving community members and stakehold-
ers in the planning and decision-making processes to ensure that the development
meets their needs and priorities. Transparent public participation can enhance project
acceptance and long-term success.

Establish continuous monitoring and evaluation and develop frameworks to track
the long-term social and economic impacts of new and revamped stations, allowing
proper adjustments in policies and practices. This regular assessment can help address
emerging issues and optimize development strategies.

Nevertheless, despite the comprehensive approach taken in this research, several limita-

tions must be acknowledged, suggesting areas for further improvement to enhance the depth

and breadth of future studies. Potential biases in keyword selection and database coverage

may have excluded relevant studies, affecting the inclusiveness of the reviewed literature.

Additionally, the diversity in research methodologies limits the direct comparability of results.

Future research should broaden keyword selection and strive for more standardized

methodologies to enhance the robustness of findings. Moreover, further exploring the

broader impacts of transportation hubs in relation to emerging mobility modes is a valuable

area of research. Innovative mobility services, such as autonomous mobility services [169]
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or urban air mobility services [170], are expected to reshape urban transportation land-
scapes, potentially influencing land use, accessibility, and socio-economic dynamics in
ways that differ from traditional mobility services. Therefore, researching these impacts is
worthwhile. Additionally, while this paper provides a broad analysis of the wider impacts
of various transportation hubs, future studies should delve deeper into specific cases or
effects. For instance, investigating the role of autonomous shuttles in first-mile/last-mile
connectivity in relation to their indirect effects on residential choice and housing prices or
analyzing the long-term socio-economic consequences of new high-speed rail stations in
both greenfield and brownfield contexts would be valuable. Such research would not only
complement the findings of this study but also provide a more detailed understanding
of the broader phenomena underlying transportation system development and mobility
service implementation.

This paper offered a novel perspective on the broader implications of new and re-
vamped transportation hubs, providing valuable insights into the differential impacts
on various stakeholders. The insights gained from this research may work as potential
knowledge tools in contributing to fostering better-informed decisions when planning
transportation policies and projects, leading to a more effective implementation.
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