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Abstract

Most developed countries welcome the redevelopment of brownfield sites and consider
it an effective tool for urban policy. However, its adoption can be challenging initially,
particularly in developing countries where these challenges are significantly greater. This
research aims to answer the question, “How are research methodologies applied in the
field of brownfield redevelopment studies?” Following the PRISMA 2020 guidelines, rel-
evant studies were identified through searches in Web of Science, ScienceDirect, Google
Scholar, and Semantic Scholar. This study utilizes a meta-methodological approach to
analyze and compare the methodological characteristics of brownfield redevelopment
studies. After applying the predefined eligibility criteria, which included English-language
peer-reviewed articles between 2018 and 2023 and articles that are directly relevant to
brownfield redevelopment, 20 articles were selected for detailed examination. Based on
the thematic classification of the research, the studies can be categorized into four groups:
brownfield redevelopment and community participation, brownfield redevelopment and
urban planning, brownfield redevelopment and environmental sustainability, and brown-
field redevelopment and technology. The majority of the research relates to brownfield
redevelopment and environmental sustainability. This review suggests that research in
brownfield redevelopment has been dominated by quantitative research, and there is a need
for more comparative, theoretically oriented, and methodologically integrated research.

Keywords: brownfield redevelopment; systematic review; research methodology; urban
planning; sustainability; comparative studies

1. Introduction

In recent decades, most developed countries have embraced brownfield redevelop-
ment as an effective urban policy tool. However, its initial acceptance is often challenging,
particularly in developing countries where these challenges are more pronounced. Identi-
fying sustainable solutions that can facilitate brownfield redevelopment in these regions
is thus essential [1]. Brownfield sites are an integral part of the environment and are
unique areas whose neglect could lead to adverse environmental impacts [2]. Since the
1980s, cities, especially in advanced economies, have undergone significant transformations
characterized by deindustrialization and urban evolution. These changes have resulted
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in a legacy of vacant and abandoned lands, now considered significant opportunities for
development and progress. This situation has not only alleviated planning constraints
but also created new opportunities for urban development and improvement [3]. Due to
their often central locations and the associated benefits, brownfield sites offer substantial
potential for sustainable urban planning [4]. They serve as valuable resources, providing
opportunities for redevelopment within an appropriate urban land use strategy, rather
than continuing wasteful linear land use practices [5]. As valuable and non-renewable land
resources, brownfield redevelopment can introduce more diverse natural features into the
urban environment. Moreover, their redevelopment can help curb urban land consumption
and prevent the spread of urban sprawl that erases network features in other areas [6]. It
is important to note that brownfield redevelopment is not limited to simply revitalizing
specific lands and reusing abandoned spaces; it also encompasses socio-economic revital-
ization and the health and safety of the communities involved [7]. Thus, the revitalization
of brownfield sites represents a strategic move towards achieving territorial sustainability
by introducing new activities that alleviate construction pressure on undeveloped areas
and reduce the demand for transportation and other urban infrastructure [8].

Given the growing environmental and public health concerns during the last decade,
soil pollution has become increasingly significant in brownfield areas [7]. Moreover, re-
gional sustainable development through systems implemented in these sites can be de-
scribed as a strategic, complex, and synergistic process that shapes the socio-economic,
environmental, and institutional aspects of regional development, thus outlining a human-
crafted performance model [9]. Economic, social, and environmental sustainability have
increasingly become central considerations in urban and territorial development policies at
both European and global scales. Since the late 2010s, the United States and Europe have
introduced green deal policies that propose a programmatic approach to achieving land
sustainability through the redevelopment of brownfield sites into sustainable industrial
zones [9]. Given the potential of brownfield sites to reduce negative environmental im-
pacts and contribute to urban sustainability, their redevelopment has increasingly been
recognized as an important component of urban sustainability strategies [10]. Therefore,
sustainability linkages can be used as a framework for the comprehensive evaluation of
brownfield redevelopment and its environmental, social, and economic impacts [11]. Al-
though there has been a growing amount of research on brownfield redevelopment, the
methodological approaches adopted in these studies remain fragmented, and there is no
comprehensive understanding of how different research methodologies have been applied
and combined in this field.

Studies published in recent years have highlighted the growing relevance of brown-
field research in less developed countries, where these sites are increasingly recognized
as opportunities for urban transformation despite their social, economic, and environ-
mental challenges [12]. Although previous studies have examined brownfield redevel-
opment from environmental, economic, and planning perspectives, the methodological
characteristics of research in this field remain comparatively underexplored. Therefore, a
meta-methodological review is necessary to better understand how research on brownfield
redevelopment has been designed and conducted.

Thus, the aim of this study is to systematically review brownfield redevelopment
studies with a focus on the research methodologies used in this field. The study aims to
determine the predominant research methods, analytical instruments, and methodological
frameworks employed in contemporary brownfield redevelopment studies, as well as to in-
vestigate the relationships between research themes and methodologies. Previous research
reveals that the predominant methodology in such cases has been a quantitative approach
followed by a mixed one, but less often is it that a qualitative research methodology has
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been used. Such a fact highlights the need for a better understanding of research method-
ologies in brownfields redevelopment. Although several review studies have examined
brownfield redevelopment from environmental and planning perspectives (e.g., sustain-
ability assessments, policy frameworks, and spatial analysis), most of them primarily focus
on thematic or sector-specific outcomes rather than on the underlying methodological
structures of research. For example, previous reviews have emphasized environmental
remediation techniques or socio-economic impacts, but they rarely provide a systematic
comparison of research philosophies, methodological approaches, and analytical tools.
Furthermore, existing studies often lack an integrated perspective linking research themes
with methodological choices. This creates a gap in understanding how knowledge is pro-
duced in this field and limits the potential for methodological advancement. Therefore, by
adopting a meta-methodological approach, this study aims to address this gap through
the systematic analysis and comparison of the research methodologies used in brownfield
redevelopment studies.

2. Theoretical Background
2.1. Brownfields

The term “brownfields” was first used in North America and quickly became common
in other parts of the world, particularly in Europe. Unlike in the United States, where
specific laws govern these sites, their protection elsewhere is often indirectly provided
through regulations concerning soil pollution, biodiversity, or environmental conserva-
tion [4]. Alker described the concept of “brownfield” as emerging in contrast to “greenfield”
development. Brownfields are frequently associated with contaminated or degraded land,
which has contributed to their negative perception, although not all brownfield sites are
necessarily polluted. They usually have degraded soils that could have pollutants that
might negatively impact the environment. There are different kinds of brownfields, and
each one has its own problems. Some can be easily fixed, while others stay empty and
aren’t used for a long time [10]. Brownfields are usually sites that used to be industrial
and are now abandoned because of a variety of human activities. They are usually found
in cities. The lack of available land in cities, along with environmental rules, has made it
necessary to have strict environmental policies [13]. Therefore, brownfields are a significant
issue for governments, businesses, and environmental organizations. Even though many
people use the word, it doesn’t always have a clear meaning. Some definitions limit it
to industrial properties, properties with known contamination, or properties with lim-
ited market demand [12]. For example, the US Environmental Protection Agency (EPA)
states that brownfields are properties where the presence or possible presence of harm-
ful substances, pollutants, or contaminants may make it harder to expand, redevelop, or
reuse them [14].

The limited availability of urban land, influenced by constraints on the environment,
has led to strict environmental regulations [15]. A significant number of brownfields have
contaminants that harm the environment and people’s health. Redevelopment efforts, such
as remediation and cleanup, can lower the levels of these pollutants and make air and water
pollution less likely [16]. The negative impacts of brownfields on urban environments and
communities have been widely recognized in the literature. These impacts are particularly
significant because brownfield sites can contribute to uneven urban development and
unsustainable urban expansion. In many cities, abandoned and underutilized areas remain
insufficiently addressed within planning and development processes. Such neglect can
adversely affect economic conditions, environmental quality, public health, social welfare,
and overall urban livability, highlighting the importance of strategic approaches to urban
management and redevelopment [17]. Many cities continue to experience outward urban
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expansion while simultaneously facing processes of inner decline and deterioration. The
abandonment of brownfield sites in urbanized areas represents a significant challenge in
many countries, generating economic and environmental problems while also negatively
affecting social welfare, public health, and quality of life. From an urban planning perspec-
tive, the persistence of neglected and underutilized areas may contribute to the emergence
of urban environments that fail to meet fundamental standards of livability and sustainable
development [18]. From a theoretical perspective, brownfield redevelopment has been
examined through multiple disciplinary lenses. Table 1 summarizes key concepts and
dimensions of brownfield redevelopment identified in recent studies.

Table 1. Key concepts and dimensions of brownfield redevelopment from recent studies.

Theorists

Dimensions Theory/Key Concept

Lietal. [19]

The core of sustainable brownfield regeneration lies in the
accurate assessment and efficient remediation of mixed
contamination, particularly heavy metals and persistent organic
pollutants, which requires site-specific, multi-technology
integration strategies

Environmental Remediation,
Risk Assessment

Morioka W. & Cidell J. [20]

Brownfield redevelopment must be reconceptualized through
the lens of spatial justice, ensuring that regeneration projects do
not lead to green gentrification but rather provide inclusive
green spaces and community benefits for historically
marginalized neighborhoods.

Social Justice, Urban Planning

Seo K.H. [21]

A polycentric governance model, involving municipal
authorities, private developers, environmental NGOs, and
citizen assemblies from the preliminary planning phase, is
critical for legitimizing and streamlining complex
brownfield projects.

Governance, Stakeholder
Engagement

Malta-Oliveira et al., [22]

The Sustainable Brownfield Revitalization (SBR) framework
emphasizes the ‘Remedial Target Hierarchy’, prioritizing
pollutant linkage reduction and future land use over complete
contaminant removal, advocating for a risk-based land
management approach.

Risk Management, Policy

Jex S.L. [23]

The viability of brownfield projects in post-industrial cities is
contingent upon innovative public-private partnership (PPP)
structures that de-risk private investment through land
valorization funds and tax increment financing (TIF).

Economic Viability, Public Finance

Farhadi R., Soltanifard H.,
& Alizadeh B. [24]

Regenerated brownfields should function as urban climate
resilience hubs, integrating constructed wetlands for
stormwater management, soil-water-carbon nexus optimization,
and heat island mitigation through strategic

green infrastructure.

Climate Resilience,
Ecological Design

Mahammedi et al., [25]

The integration of Digital Twins with real-time sensor networks
for soil and groundwater allows for dynamic risk modeling and
lifecycle management of brownfield sites, transforming static
remediation into adaptive stewardship.

Digitalization, Assessment Tools

Okoye O.N.
[26]

The circular bioeconomy paradigm applied to brownfields
views contaminants as potential resources, promoting in situ
stabilization and valorization of excavated soils in construction
materials, thus closing material loops.

Circular Economy,
Resource Recovery

The analysis presented in Table 1 indicates that brownfield redevelopment is con-
ceptualized through several dominant dimensions, including environmental remediation,
governance and stakeholder participation, economic sustainability, and technological inno-
vation. Among these, environmental and technical dimensions appear more prominently,
reflecting a strong emphasis on risk assessment, remediation strategies, and sustainability
outcomes. In contrast, social and governance-related dimensions, such as spatial justice
and participation, have received comparatively less attention. This imbalance suggests
that while technical solutions are relatively well developed, the integration of social and
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institutional perspectives remains limited. These findings highlight the need for more inter-
disciplinary approaches that integrate environmental, social, and governance dimensions
in future research.

2.2. Brownfield Redevelopment

Following the definition and conceptual understanding of brownfields, the concept of
brownfield redevelopment must be examined as a multidimensional urban and regional
development process. Brownfield redevelopment has become a key element of government
initiatives aimed at revitalizing numerous cities across the United States. Although these
initiatives have largely been centered on promoting industrial and commercial redevel-
opment, the concept of brownfield redevelopment has arisen in response to a growing
demand for sustainable land use methods and the revitalization of urban areas [27].

In recent decades, the redevelopment of lands previously utilized for industrial,
military, or commercial purposes, which have been abandoned due to evolving human
needs, has become a significant concern for urban planners and city developers [28].
Brownfield sites are frequently associated with various forms of contamination and a
range of social, economic, and environmental challenges. At the same time, they present
significant opportunities for urban regeneration and sustainable future development [29].

Brownfields can be found in both urban and rural settings and may even encompass
existing city centers or neighborhoods [30] .The redevelopment of these sites can contribute
to the revitalization of the physical, social, and economic fabric of neglected urban areas,
while also helping to reduce pressure on natural and agricultural lands, improve the quality
of urban cores, increase property values, and support local economic development [31].
Brownfield sites addressed through contemporary strategies focused on economic develop-
ment and quality of life improvement are increasingly recognized as important components
of regional development and spatial planning. Consequently, brownfields should be un-
derstood as a multidimensional phenomenon that encompasses social, ecological, and
economic dimensions [32,33].

Moreover, the rise in brownfields and abandoned man-made areas poses a significant
sustainability concern. These sites disassociate land from its productive social role and
frequently harm natural ecosystems. Land use policies with a sustainability focus aim to
restore or redevelop such areas. This is relevant not only to post-industrial brownfields in
urban settings but also to numerous forms of neglect in rural areas [34]. Brownfields are
generally characterized as underutilized, neglected, and potentially contaminated proper-
ties. These sites may originate from former industrial, agricultural, military, transportation,
religious, residential, or other uses, including public facilities, and are commonly located
within urban and municipal boundaries [35]. Brownfield redevelopment remains a con-
tested issue due to the complex interaction of environmental risks, economic interests,
planning priorities, and social concerns [36].

Consequently, the redevelopment of brownfields is largely influenced by socio-
economic factors that have led to stagnation in sectors of the economy. Effective brownfield
management, aligned with sustainable land use principles, is vital for achieving broad-
based sustainable development [37]. Brownfields often emerge in contexts where rapid
economic transitions follow the decline of primary and secondary industries. In many cases,
limited economic activity and reduced investment incentives contribute to the marginaliza-
tion of these areas and hinder their redevelopment processes [38].

Considering the multidimensional nature of brownfield redevelopment, research in
this area has employed a wide array of research methodologies, including quantitative,
qualitative, and mixed-methods research. The differences in research methodologies em-
ployed in brownfield redevelopment research highlight the complexities associated with
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this research field, thereby emphasizing the importance of understanding the methodologi-
cal structure of existing research in this area. Hence, research methodologies employed in
brownfield redevelopment research are important in understanding the evolution of this
research field. Although a considerable amount of literature has been generated regarding
brownfield redevelopment, review research has mostly examined the themes associated
with their findings, which include environmental restoration, sustainability evaluation,
policy recommendations, or economic benefits. Little emphasis has been placed on the
methodology behind the studies in terms of the research philosophy used, methods em-
ployed, data analysis, and data gathering. This means that a meta-methodology review
is essential in order to examine the way knowledge about brownfield redevelopment has
been generated and the main methodologies involved, as well as the gaps in research
methodology. In this regard, the research onion was utilized to serve as an organized
structure of analysis for the studies reviewed.

3. Materials and Methods
3.1. Search Strategy and Data Collection

Studies published between 2018 and 2023 were identified through a structured
keyword-based literature search in major academic databases, including Web of Science,
ScienceDirect, Google Scholar, and Semantic Scholar. The databases were searched for
peer-reviewed English-language studies related to brownfield redevelopment. The search
process applied thematic filters associated with Environmental Sciences, Geography, and
Urban Studies. The search strategy was expanded using Boolean operators to improve
comprehensiveness and reproducibility. The search string included combinations such as
(“brownfield redevelopment” OR “brownfield regeneration”) AND (“methodology” OR
“research methods” OR “urban planning” OR “sustainability”).

3.2. Study Selection and Eligibility Criteria

The included studies were then grouped based on their main research themes and
methodological characteristics for the purpose of synthesis and comparative analysis. The
screening, eligibility assessment, and methodological coding processes were conducted
independently by two researchers, and ambiguous cases or disagreements were resolved
jointly through discussion until consensus was reached. The classification of studies
was based primarily on explicit methodological information whenever available. This
process helped improve consistency and reduce interpretive bias in the categorization
of methodological characteristics. The screening process was conducted in three stages:
(1) title and keyword screening, (2) abstract screening, and (3) full-text assessment. At each
stage, the dataset was progressively reduced based on predefined inclusion criteria.

3.3. Data Analysis

This study adopts a meta-methodological systematic review approach, combining
document analysis, content analysis, and descriptive quantitative synthesis to examine the
methodological characteristics of brownfield redevelopment studies. For each included
study, data were extracted on methodological characteristics, including research philoso-
phy, research orientation, research strategy, nature of research, research method, research
approach, time horizon, data collection methods, qualitative and quantitative analysis
methods, and software tools used. These data formed the basis for coding and compara-
tive methodological analysis. Meta-studies can be characterized by two primary phases,
analysis and synthesis, along with four distinct analytical components, meta-theory, meta-
methodology, meta-analysis, and meta-synthesis [39]. The meta-methodology includes
a thorough examination and precise comprehension of the methods utilized in primary
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Step Two: Meta-Method
Assesses the methodological
Rigor and precision of
Research methods

Meta-Studies =

research studies. A critical aspect involves identifying specific methods to examine the
target phenomenon. Patterson et al. define meta-methodology as encompassing detailed
procedures (participant characteristics, sampling techniques, data collection methods) and
broader reflections on how disciplinary assumptions, methodological traditions, and the
researcher’s perspective influence the research being produced. Meta-methodological
techniques are used to compare results from studies employing various methodological
frameworks to uncover a range of distinctive concepts, approaches, and epistemologies [40].
To enhance methodological rigor, a preliminary quality assessment was conducted based on
criteria such as methodological clarity, transparency of data collection, and appropriateness
of analytical methods. Studies with insufficient methodological information were excluded.
Figure 1 illustrates the four-step framework of meta-studies used in this research.

Step One: Meta-Analysis
Combines findings from
Different stages and new
Pathways for advancing

knowledge

In the present article, in the
systematic review method,
,| the data extraction section
has considered the four
steps of Meta-Studies
research.

Step four

Meta-Synthesis
Which brings the three
Previous steps together
For advancing
knowledge

Step Three: Meta-Theory
Examines the structures,
Framework, and theoretical
Assumptions guiding primary
research

Figure 1. Four-Step Framework of Meta-Studies.

This study focuses on brownfield redevelopment as an applied research field, since its
findings contribute to understanding methodological challenges and research trends in this
area. The data were collected using literature review and document analysis techniques,
whereas content analysis and inductive coding strategies were used to analyze the papers.
Data extraction was done by manually extracting data from the entire text of the chosen
papers and coding the data using MAXQDA 2020 software. The research onion model by
Saunders, Lewis, and Thornhill was used to facilitate the coding process. Although a formal
risk-of-bias assessment was not conducted, the study primarily focuses on methodological
characteristics and research trends rather than effect evaluation. Nevertheless, potential
selection bias related to database selection and keyword limitations is acknowledged. The
study selection process is illustrated in Figure 2.

The research methodology for this study began by formulating the question: “How
are research methods in brownfield redevelopment studies conducted?” Afterwards, for
the subsequent stage, articles were retrieved from reputable databases of research in the
English language, including the Web of Science, targeting papers that focus on theoretical
development and enhance understanding about brownfield regeneration. In the third phase,
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considering the objectives, a thematic search of the articles was performed, selecting those
that directly relate to brownfield redevelopment, as indicated even in their titles. Relevance
to disciplines such as “Environmental Sciences,” “Geography,” and “Urban Studies” was
also ensured. To ensure a recent and comparable body of literature, the review was limited
to studies published between 2018 and 2023. In the fifth phase, articles were evaluated based
on their abstracts, titles, and relevance to the research question. The sixth phase involved a
careful selection of 20 articles (Appendix A), which were then analyzed using MAXQDA
2020 software. In the final phase, the included studies were coded and analyzed in the
software based on the selected methodological criteria. Data analysis and interpretation
were conducted quantitatively using Saunders’ research onion model as a conceptual
framework for systematically categorizing and analyzing the methodological characteristics
of the selected studies. Specifically, the model guided the classification of methodological
dimensions including research philosophy, research approach, methodological choice,
research strategy, time horizon, and data collection techniques. The synthesis of results
was subsequently performed through thematic classification and comparative analysis to
identify methodological patterns and relationships across the reviewed studies. Figure 3
presents the methodological coding framework based on the Research Onion model.

This review focused on the methodological characteristics of published studies rather
than intervention outcomes; therefore, formal effect measures, meta-analytic hetero-
geneity analyses, reporting bias assessment, and certainty-of-evidence assessment were
not applicable.

» »| Research Question(How are research methodologies applied in brownfield redevelopment research?)

O 4u 0 - J
ng <) 3‘ I

22| [ ~

9 —»|Data Extraction (Based on the four steps of meta-studies (Meta-Analysis, Meta-Theory, Meta-Methods, Meta-Synthesis
505 Data Extract (Based he fi f dies (Meta-Analysis, Meta-Th M Methods, M Synthesis)
o8|l \ /
7T l

*| Inclusion and Exclusion Criteria for Articles (published in the English language, Relevance to topic, Time Period)

[ Search and Selection of Articles (Web of Science, Google Scholar, Sematic Scholar, ScienceDirect) ]

Total number of
articles identified:
N =181

Studies published

< between 2018 and 2023

N =129

Studies selected for
abstract screening
N =52

Articles excluded based

“+ on abstract relevance

N =26

Full-text articles
assessed for eligibility
N =26

Articles excluded based

— on topic relevance
A4 N=6

Total number of articles
included in the review
N=20

Figure 2. PRISMA-based article selection process.
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Figure 3. Methodological Coding Framework Based on the Research Onion Model.

4. Results
4.1. Characteristics of Selected Studies

A total of 181 references were initially identified through database searches. After
filtering out based on the time period and relevance, 129 references were left. Abstract
screening filtered 52 references for review in full text. After full-text assessment, 20 articles
were included in the final review. Studies were excluded due to irrelevance to brownfield
redevelopment, insufficient methodological information, non-English language, or publica-
tion outside the selected time period. Table 2 presents the methodological characteristics of
the selected studies, including research philosophy, research orientation, strategy, research
methods, time horizons, data collection methods, analysis techniques, and software used.

Positivism was the most frequently identified research philosophy, with 11 studies
reflecting a stronger emphasis on quantitative and rational approaches in the reviewed
literature. Other codes include five pragmatist cases, three interpretative cases, and one
critical case, implying that philosophers have examined philosophical research method-
ologies from various perspectives. The research approach codes are composed of twelve
deductive cases, five inductive-deductive cases, and three inductive cases. Concerning
research orientation, thirteen cases are functional, implying that most researchers have
been motivated to investigate philosophical concepts from an applied orientation. Seven
cases fall under fundamental research orientation, showing that only a few investigations
have been conducted concerning philosophical principles. Concerning research strategy,
fifteen cases are described as case studies and five others as documentary research. The
research strategy or design provides the overarching framework for answering the research
questions. Based on the findings from analyzing the selected articles, six cases of systematic
reviews, five cases of descriptive-analytical studies, five cases of exploratory research,
three cases of survey research, and one case of comparative study were found. The data
shows that the majority of the research is conducted under a positivist paradigm, with the
deductive research method. Case study and descriptive-analytical research are the most
common research methods used in this particular area.
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Table 2. Methodological Characteristics and Coding Framework of the Reviewed Studies.

Categories

Codes and Frequency

Research philosophy

Positivism (11), Pragmatism (5), Interpretivism (3), Critical (1)

Research orientation

Functional (13), Fundamental (7)

Research strategy

Case study (15), Archival documents (5)

Nature of research

Systematic review (6), Descriptive-analytical (5),
Exploratory (5), Survey (3), Comparative (1)

Research method

Quantitative (12), Qualitative (3), Mixed Methods (5).

Approach

Deductive (12), Inductive-Deductive (5), Inductive (3)

Time horizons

Cross-sectional (13), Longitudinal (7)

Data collection methods

Documentary-library (14), Questionnaire (11), Observation
and field visits (6), Interview (5)

Qualitative analysis methods

Content analysis (4), Coding (3), SWOT analysis (1),
Documentary (1)

Quantitative analysis methods

Spatial data analysis (9), Factor analysis (4), Standard
deviation analysis (4), Regression (3), Delphi (2),
Cluster analysis (1), ESTIMAP (1)

Qualitative analysis software VOSviewer (1)
Quantitative analysis software GIS (), Exg:it(g)c,zgs(sl)(?{g\(/)lo(gll)e Maps (3),

4.2. Methodological and Thematic Analyses

The percentage distribution of the general methodological characteristics of the re-
viewed articles is presented in Table 3.

Table 3. Percentage Distribution of Methodological Characteristics of the Reviewed Articles.

General
Methodology Component Percentage References
of Articles
Critical 5% [41]
) Interpretivist 15% [42-44]
Philosophy Pragmatist 25% [45-49]
Positivist 55% [2,13,48,50-57]
Deductive 60% [13,46-48,50-56]
Approach Inductive 15% [41-43]
Inductive-deductive 25% [44,45,49-51]
Survey 15% [46,50,54]
Descriptive analytical 25% [45,47,48,51,52]
Strategy Exploratory 25% [41-44,53]
Systematic review 30% [13,48,49,55-57]
Comparative 5% -

Based on the findings, one can make assumptions that 60% of all the studies carried
out made use of quantitative methods, while 25% adopted mixed methods and only 15%
used qualitative approaches. The frequency distribution of research methods and analysis
techniques is presented in Figure 4.

The results suggest that research in brownfield redevelopment is primarily based
on positivist philosophy and deductive research. Quantitative research is given much
importance. This implies that research has primarily focused on quantifiable aspects
related to the environment, economy, and space. The relatively limited occurrence of mixed
research methods in the reviewed sample suggests comparatively less methodological
attention to governance, stakeholder, and social dimensions in brownfield redevelopment
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studies. The reviewed studies appear to give comparatively less attention to the long-term
impacts of brownfield redevelopment projects.

Data Collection Method Quantitative Analysis Method
Document-Library = 170% Spatial Data Analysis . 53.3%
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Figure 4. Frequency Distribution of Research Methods and Analysis Techniques.

Overall, the analysis of this data indicates that research in the field of brownfield
development employs a variety of approaches, research methods, and software for data
collection and analysis. This diversity in the selection of research methods and software
can contribute to enhancing the quality and credibility of research in this field. Based on the
objectives and thematic focus of the reviewed studies, the literature can be categorized into
four thematic groups: brownfield redevelopment and participation, brownfield redevelop-
ment and urban planning, brownfield redevelopment and environmental sustainability,
and brownfield redevelopment and technology. The highest frequency is observed in the
category of brownfield redevelopment and environmental sustainability, suggesting that
brownfield redevelopment is a significant concern for urban designers and planners in their
efforts to promote sustainability. The thematic classification of brownfield redevelopment
studies is shown in Figure 5.

Count
()]

3 -

Redeployment of brownfield lands and  Redeployment of brownfield Redeployment of brownfield  Redeployment of brownfield lands
urban planning lands and participation lands and technology and environmental sustainability

Figure 5. Thematic Classification of Brownfield Redevelopment Research.

The findings indicate that there is a greater emphasis on quantitative approaches in
brownfield redevelopment research. Researchers are primarily focused on urban studies
and the research domain within these two areas, with fewer studies addressing the im-
plementation of projects related to the reuse of these spaces and the evaluation of their
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progress. Additionally, the reviewed literature shows a relatively limited emphasis on
comparative evaluations of the strengths and weaknesses of implemented brownfield
redevelopment projects across different contexts. The selected sample indicates a greater
emphasis on positivism and quantification in brownfield redevelopment studies, as well
as a lower methodological diversity and the use of longitudinal and comparative method-
ologies. These findings may indicate the need for further methodological diversification,
particularly through comparative and mixed-methods research designs. Overall, the results
indicate a strong dominance of positivist, quantitative, and deductive approaches in brown-
field redevelopment research. Case study strategies and spatial analysis tools are the most
commonly used methods. However, there is a notable lack of qualitative, comparative,
and longitudinal studies. These patterns reflect a methodological imbalance that limits
the exploration of social and governance-related dimensions. These findings provide a
foundation for the critical discussion presented in the following section. To further clarify
the thematic and methodological structure of the reviewed literature, Table 4 presents a
comparative synthesis of the thematic themes, reviewed studies, dominant methodological

characteristics, and main analytical interpretations.

Table 4. Methodological and Interpretive Comparison of Brownfield Redevelopment Themes.

Thematic Theme

Reviewed Studies

Dominant Methodological
Characteristics

Main Analytical Interpretation

1. Redevelopment of
Brownfield Lands
and Participation

Cappai; Tendero and Plottu;
Blas; Chen and Yang

Qualitative/Interpretivist

o  Case-study approaches
Interviews

Document analysis
Participatory approaches
Occasional mixed-method
applications

Studies in this category primarily
emphasize stakeholder engagement,
governance, and community
participation in brownfield
redevelopment. Interpretive and
participatory approaches dominate,
reflecting the social and
institutional dimensions of
redevelopment processes.

2. Redevelopment of
Brownfield Lands and
Urban Planning

Glumac and Schaefer; Jian
et al.; Masiero et al.; Beames
et al.; Cui and Fang

Quantitative/Positivist

Spatial analysis
GIS-based analysis
Statistical analysis
Scenario modeling
Planning models
Limited mixed-method
applications

Urban-planning-oriented studies
mainly rely on quantitative and
spatial-analysis approaches to
support land-use planning,
redevelopment prioritization, and
evidence-based decision-making.

3. Redevelopment of
Brownfield Lands
and Environmental
Sustainability

Zhao; Tajani and Di Liddo;
Alshehri et al.; O’Connor
etal; Zhengetal,;
Hammond et al.

Quantitative/Positivist

Environmental assessment
Risk assessment

Life Cycle Assessment (LCA)
Statistical modeling
Case-study applications
Limited mixed-method
applications

Environmental sustainability
studies represent the most
dominant thematic area, with
strong emphasis on quantitative
assessment, remediation efficiency,
environmental impacts, and
sustainability evaluation.

4. Redevelopment of
Brownfield Lands
and Technology

Ahmad et al.; Venter; Wang
et al.; Kroselj et al.

Quantitative/Positivist

Technological assessment
GIS and spatial tools
Modeling techniques
Technological evaluation
methods

Technology-oriented studies focus
on digital tools, modeling systems,
GIS technologies, and
innovation-based approaches for
brownfield assessment and
redevelopment management.

5. Discussion

The present research explores the meta-methodology of brownfield redevelopment

studies and examines the methodological trends and research approaches used in this
field. A comparison of the findings of this study with previous research indicates that
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methodological approaches in brownfield redevelopment research have largely focused
on environmental and economic sustainability, while social and institutional dimensions
have received comparatively less methodological attention. Incorporating brownfield
redevelopment into municipal laws and the agendas of relevant organizations contributes
to the elimination of hazardous areas within the urban fabric. The results of this study
indicate a predominance of positivist and quantitative methodological approaches in the
reviewed brownfield redevelopment research.

This may indicate that brownfield redevelopment research has primarily focused on
quantifiable dimensions, while social, institutional, and governance-related aspects have
received comparatively less methodological attention.

The relatively small number of qualitative and mixed-method studies can be under-
stood to mean that there is currently limited knowledge about how to understand and
study aspects such as stakeholder engagement, planning, and social-spatial dynamics in
brownfield redevelopment projects. Additionally, the relatively small number of longitudi-
nal and comparative studies can be understood to mean that the reviewed studies provide
comparatively limited evidence regarding long-term effects and cross-regional variations
in brownfield redevelopment processes.

These findings are consistent with the results presented in the previous section, which
showed that most studies were based on positivist philosophy, deductive approaches,
and quantitative methods, with spatial data analysis and GIS being the most frequently
used analytical tools. Recent studies increasingly employ GIS, remote sensing techniques,
questionnaire surveys, and statistical analysis in sustainability-oriented spatial planning re-
search, highlighting the growing role of quantitative geospatial methodologies in territorial
planning, mobility analysis, environmental assessment, and urban transport studies [58,59].

For instance, a study by Nogueira and Welling (2022) found that restorative and re-
generative processes in post-industrial areas present complex and ambiguous challenges,
requiring organizations to consider the intertwined interactions among social, environ-
mental, and technical components that shape everyday experiences [60]. In a similar
mannet, the existence of brownfields or neglected man-made spaces is also a challenge in
achieving sustainability, as these places separate land from the societal uses of land that
are productive, and in many cases, adversely affect the environment as well [61]. Land
use policies with a sustainable outlook aim to revive or reconstruct such areas, addressing
not only post-industrial brownfields in urban settings but also various forms of neglect in
rural areas.

In another study by Wang et al., it was concluded that social, economic, and ecological
factors must be fully considered in brownfield sites. Moreover, the identification and
redevelopment of these sites within cities should be managed by specialized government
entities to achieve more effective and scientifically grounded outcomes [42]. Apart from
these contributions, several limitations pertaining to the examined studies must be recog-
nized. However, the current review was conducted on a limited selection of papers, as the
sources considered were only peer-reviewed journal articles written in English between
2018 and 2023. As such, research carried out in other languages or previously published
material might not be reflected in the findings of the present analysis. There are also
limitations with the review process itself. The research relied on certain sources and search
terms relating to brownfields reclamation. Such limitations may mean that other sources
using different vocabulary may have been overlooked. In addition, there was subjectivity
involved in the identification and categorization of methodological approaches.

The implications that may arise from the conclusions drawn by this study are many.
Methodologically speaking, it is imperative that studies conducted on brownfield redevel-
opment be conducted using a variety of techniques, specifically the use of qualitative and
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mixed-method studies to aid in the understanding of the issues surrounding governance,
stakeholder involvement, and socio-spatial aspects of such projects. Another important
implication of these findings is the need for more longitudinal and comparative studies in
brownfield redevelopment research, given their relatively limited presence in the reviewed
literature. From a practical perspective, greater integration of social and institutional
dimensions into brownfield redevelopment processes should also be considered.

e  Relevant organizations can acquire state-of-the-art software for quantitative and qual-
itative analysis methods to enhance their research and operational areas related to
brownfield redevelopment.

e  The comparative approach with other case studies and regional contexts examined
in this study can help improve methodologies, site-specific analyses, and broader
analytical frameworks in brownfield research.

e In conclusion, the results reveal that theoretical research, comparative approaches,
long-term studies, and mixed-methodology investigations are crucial in gaining an
understanding of the complex socio-spatial processes associated with brownfield
redevelopment. This study contributes to the existing literature by shifting the fo-
cus from thematic findings to methodological structures and by providing a meta-
methodological perspective. Unlike conventional reviews, this study systematically
links research themes with methodological approaches and reveals imbalances in
current research practices. However, these findings should be interpreted with caution
due to the limited sample size and review scope. The dominance of quantitative
approaches may partly reflect database selection and inclusion criteria rather than
the full diversity of the field. Future research should prioritize mixed-method and
longitudinal designs, as well as comparative studies across different regions, in order
to better capture the complexity of brownfield redevelopment processes.

6. Conclusions

Considering the objectives of the present study and comparing its findings with other
literature reviews dealing with strategies in these fields, it can be concluded that redevel-
opment of brownfield sites in different countries plays an important role in promoting
sustainability. Integrating this development into municipal laws and the agendas of rele-
vant organizations helps eliminate hazardous areas within the urban fabric. This research
aligns with previous studies and aims to provide suitable, implementable, and special-
ized solutions in these areas. This study examines methodological trends and thematic
developments in brownfield redevelopment research in order to identify key patterns,
methodological characteristics, and research gaps that may contribute to future studies in
the field.

Using the PRISMA method, 20 peer-reviewed articles published between 2018 and
2023 were systematically analyzed to identify methodological trends and thematic research
areas in this field.

Based on the thematic classification of the research, the studies can be categorized
into four groups: brownfield redevelopment and participation, brownfield redevelopment
and urban planning, brownfield redevelopment and environmental sustainability, and
brownfield redevelopment and technology. The majority of studies in this classification
focus on brownfield redevelopment and environmental sustainability. From a methodolog-
ical perspective, most of the reviewed studies were based on quantitative methods, while
qualitative and mixed-method approaches were less frequently used.

Furthermore, there is a notable lack of comparative studies documenting the tangible
effects of brownfield redevelopment in minority communities. It should be noted that
most of the research methods used in the studies were quantitative, highlighting a sig-
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nificant research gap in this area. Additionally, minimal attention was given to the use
of mixed methods research, and fewer qualitative analysis tools were utilized. Some re-
viewed studies provided comparatively limited discussion of their theoretical foundations.
Additional visual graphics and conceptual diagrams could further enhance the clarity of
methodological presentation. Thus, this study contributes to the existing literature by
identifying methodological tendencies and potential gaps within the reviewed sample of
brownfield redevelopment studies. Finally, it should be noted that this study contributes to
the literature by shifting the focus from thematic findings to methodological structures and
by providing a new meta-methodological perspective. Unlike previous reviews, this study
systematically links research themes with methodological choices and reveals significant
imbalances in current research practices. One of the key limitations of this study is its
restriction to English-language publications and a limited time frame, which may have
excluded relevant studies. In addition, reliance on selected databases and keywords may
have introduced selection bias. Future research should focus on developing integrated
methodological frameworks that combine qualitative, quantitative, and comparative ap-
proaches. Longitudinal studies are particularly needed to capture the dynamic evolution of
brownfield redevelopment processes.
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Appendix A. Methodological Characteristics of the Included Studies

This appendix presents the methodological characteristics of the reviewed studies,
including research methodology, data collection tools, and analysis methods used in

each study.
Author(s)/Year Methodology Data Collection Tool Analysis Method
A negotiation decision mo.del .for Glumac & Schaefer . Interview Thematic analysis
public-private partnerships in 2018 Mixed Questionnaire Factor analysis
brownfield redevelopment [45] 4
Ameruty proximity analysis for Field Surveys
sustainable brownfield redevelopment - ’ . .
. Beames et al., 2018  Quantitative Documentary-library Spatial data analysis
planning. Landscape and research

Urban Planning [50]
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Title Author(s)/Year Methodology Data Collection Tool Analysis Method
Development of a standard
brownfield definition, guidelines, and Questionnaire
evaluation index system for . Documentary-library Delphi
brownfield redevelopment in Ahmad et al., 2018 Quantitative research Spatial data analysis
developing countries: The Questionnaire
case of Pakistan [51]
A methodological approach for
evaluating brownfield Cappai, 2019 Quantitative Field Surveys Spatial data analysis
redevelopment projects [52]
A novel preference elicitation Documentarv-librar
technique based on a graph model - Y y Descriptive Statistics
. L . Zhao, 2019 Quantitative research
and its application to a brownfield Questionnaire (Mean)
redevelopment conflict in China [46]
A participatory decision support . .
system for contaminated brownfield Tendero & Plottu, L Questlonnallre Multi-Criteria
Quantitative =~ Documentary-library .
redevelopment: a case study 2019 Analysis
research
from France [53]
C%lmafce. change resilience and O’Connor et al., - Questlonnal.re Descriptive Statistics
sustainability assessment at a coastal Quantitative ~ Documentary-library
. 2019 (Mean)
brownfield redevelopment [54] research
Brownfield development is the new
green for sustainable mine-dump Venter, 2020 Qualitative Interview Thematic analysis
redevelopment [41]
The hybrid spatialities of .
post-industrial Befjing: communism, Wang et al., 2020 Qualitative Docugﬁgie‘—/\liibrar Content Analysis
neoliberalism, and brownfield & v Y y 4
research
redevelopment [42]
Are EU policies for brownfield _ . . . .
redevelopment sufficient [47] Kroselj etal.,, 2022  Quantitative Questionnaire Factor analysis
Developing decision model and
sustainable mapping to screen the Field Surveys
efficiency of brownfield Chen & Yang, 2022  Quantitative =~ Documentary-library Spatial data analysis
redevelopment based on research
socioeconomic open data [62]
Research on brownfield Questionnaire D L. ..
. escriptive Statistics
redevelopment based on . . Documentary-library
R, . Jian et al., 2022 Mixed (Mean)
Wauli-Shili-Renli system theory and research Content analvsis
catastrophe progression method [48] Interview Y
Urban forests and green areas as Field Surveys . .
. . / Spatial data analysis
nature-based solutions for brownfield . . Documentary-library .
Masiero et al., 2022 Mixed Factor analysis
redevelopment: a case study from research Content analvsis
Brescia Municipal Area [43] Interview Y
Redevelopment Initiatives on Questionnaire
Brownfield Sites: An Evaluation Tajani & Di Liddo, Quantitative ~ Documentary-librar Factor analvsis
Model for the Definition of 2023 researZh y Y
Sustainable Investments [44]
Integration of ecosystem services and
life cycle assessment allows improved
accounting of sustainability benefits of =~ Alshehri et al.,, 2023  Quantitative Questionnaire Spatial data analysis
nature-based solutions for brownfield
redevelopment [55]
Research on brownfield
redevelopment based on . - . . .
Wauli-Shili-Renli system theory and Jian et al., 2024 Quantitative Questionnaire Factor analysis
catastrophe progression method [63]
Sustainable brownfield Questionnaire
redevelopment and planning: Cui & Fang, 2023 Mixed Interview Content Analysis

Bibliometric and visual analysis [49]
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Title Author(s)/Year Methodology Data Collection Tool Analysis Method
Research on the spatial perception of
stakeholders in brownfield C . Coding
redevelopment based on value Zhengetal, 2023 Qualitative Interview Factor analysis
compatibility analysis [13]
Assessing community needs in The
brownfield site redevelopment: A L . . Cluster analysis
Case Study of The Broadway Volvo Blas, 2023 Quantitative Questionnaire Spatial data analysis
Site [56]
Digital tools for brownfield Inte'r VIew Multi-Criteria
Hammond et al., . Questionnaire .
redevelopment: Stakeholder Mixed . Analysis
. oy 2023 Documentary-library /
perspectives and opportunities [57] rosearch Coding
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