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Abstract: This study conducted an extensive literature review spanning from 1950 to 2023, exploring
the methodologies in urban geomorphology and urban geoheritage assessment, and the possibility of
applying Nature-Based Solutions (NbSs) in order to enhance geomorphological maps. The methodol-
ogy proposed here is based on a two-step approach: (i) a bibliographic review and methodological
investigation and (ii) methodological proposal in order to enhance the traditional geomorphological
and geoheritage maps with NbS to reduce the geomorphological risk in urban areas. This paper
aims to introduce a methodological framework and illustrated its practical application to provide
researchers and practitioners with a clear understanding of its implementation in real-world sce-
narios. The proposed methodology was applied in the north and northeastern parts of Milan, Italy.
The implementation of the proposed methodology demonstrated its effectiveness in urban contexts
and its potential for further modification and extension to various urban environments in the future.
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1. Introduction

Urban geomorphology explores the intricate relationships between geomorphological
processes and urbanization development by analyzing the relationship between humans
and landscapes [1]. Urban geomorphology studies examine how natural landscapes un-
dergo physical alterations due to human activities, leading to the creation of anthropogenic
urban environments [2].

The rapid urbanization process significantly alters the configuration of our cities,
leading to notable shifts in global Land Use Land Cover (LULC) patterns. Land use, as
defined by Barnsley et al. [3], predominantly encompasses the human activities conducted
on or in connection with a specific land area, including residential, commercial, industrial,
or recreational purpose areas. This transformation involves not only the expansion of
urban infrastructure but also extensive modifications of natural elements, such as rivers
and slopes, that are impacted by human development in urban areas [4]. Consequently,
this dynamic transformation introduces considerable complexity into the field of urban
geomorphology, entailing in-depth scholarly investigations and analyses.

The urban environment, characterized by its complex landforms shaped by human
activities, incorporates urban geoheritage, representing specific landforms enriched with
historical and cultural significance. Urban geoheritage holds cultural significance due to its
ability to reflect the historical development of human settlements and their interaction with
the natural environment [5,6]. Urban geoheritage sites can be integrated into cultural her-
itage preservation efforts, contributing to the overall cultural landscape of a city. Therefore,
recognizing the cultural dimension of urban geoheritage is essential for understanding its
full significance within urban environments [5,7,8]. The inclusion of urban geoheritage in
some urban geomorphological studies [9] and the development of methodologies [10] for its
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study have not been performed in many cases. Urban geomorphology should incorporate
an urban geoheritage assessment to systematically evaluate and protect the cultural and
natural assets represented by urban landforms and features shaped by natural processes
within cities. Geoheritage is the term for the valuable geological and geomorphological
components of the landscape that should be preserved [1,7,11-15]. Urban geoheritage
refers to the collection of distinctive geological features, ongoing geological processes, and
elements of the geological environment within urban areas and their immediate surround-
ings. These elements hold significance for contemporary society due to their scientific,
cultural, and touristic value [7,11,16-19]. Detailed cartographic representations are funda-
mental tools for identifying, documenting, and managing the significant features of urban
geomorphological heritage. For instance, Figure 1 displays a map of Milan in 1832, serving
as a valuable historical document illustrating the layout of the city during that time period.

Figure 1. Map of Milan in 1832 [20]. The Spanish walls are depicted on the map as a red line, and the
main buildings are illustrated in the darker color. In the top right corner of the map, the annotations
provide information about the elements represented on the map.

Specifically, the depiction of the Spanish walls marked with a red line highlights
their significance as a prominent feature of the city’s urban landscape. Additionally, the
detailed portrayal of the main buildings in the darker color provides insights into the
architectural landscape of Milan in the early 19th century, enriching our understanding of
its historical development. Thus, historically, the inclusion of urban geoheritage features
in urban planning and city mapping illuminates the city’s landscape and enhances its
spatial organization.

Geomorphological mapping plays an important role in guiding territorial planning
and promoting sustainable land use in urban areas [21]. These maps are essential tools for
urban land planning, showing information on active or inactive processes and landforms,
bedrock lithology, deposits, and other territorial elements. In addition, the elements shown
in the geomorphological maps are necessary for evaluating land suitability for diverse
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purposes, guiding sustainable land use decisions beyond hazard mitigation, and informing
strategic urban development [1,9,22-24].

Recent studies have emphasized the importance of mapping urban geomorpholog-
ical forms and features as well as geoheritage, revealing the intricate interplay between
natural processes, human actions, and urban growth [9,25-28]. Geomorphological map-
ping utilizes various techniques to capture the dynamic interplay among geological forces,
climatic factors, and surface processes [29]. The techniques encompass systematic data
collection through field observations and mapping, utilizing ground-based digital data
capture systems and Remote Sensing (RS) interpretation. This comprehensive approach,
including field mapping during on-site investigations, aids in understanding the geological
and geomorphological history of a site, forming a vital spatial framework for designing
and interpreting ground investigations [29,30]. This mapping method plays a vital role in
recognizing geological hazards, devising sustainable urban strategies, preserving cultural
heritage, and enabling informed decision-making amidst urban expansion and environ-
mental intricacies [29-31]. In this scenario, fieldwork is fundamental to being able to
making specific observations [29,32]. Urban geomorphology can be explicated through
the realization of high-resolution geomorphological maps combining field surveys with
historical geological and geographical data. The digitalization of landforms and features
makes it possible to quantify changes over time [9,33-35]. Moreover, geomorphological
maps are a powerful tool for providing insights into geological processes as well as for
applying mitigation strategies to fragile territories [31,36].

Depending on the objectives of the study, different methodological approaches are
used to analyze the geomorphological peculiarities of a certain area. Integrating survey
data with historical maps, aerial photos, and archaeological results is fundamental to gain-
ing a comprehensive understanding of the dynamic processes shaping urban landscapes
and the complex interactions between natural and anthropogenic factors over time [37-39].
Furthermore, in this context, the integration of detailed maps becomes increasingly valu-
able as urban areas suffer from flooding, erosion, landslides, soil degradation, and other
geomorphological hazards [19,20]. Due to the dense urban populations, the impact of such
disasters is more noticeable, and this impact not only contributes to the degradation of
city infrastructure but also leads to significant harm to human life. Therefore, geomor-
phological hazard maps of cities play an important role in effectively planning the future
development of these vulnerable areas [40,41]. It should be noted that, through the use
of new technologies and research methods, it is possible to further enrich these maps by
illustrating applicable solutions in these hazard areas.

Through geospatial mapping in urban environments, tools such as Geographic Infor-
mation Systems (GISs) and RS techniques allow us to assess potential hazards and help to
identify high-risk areas, providing valuable insights into how possible responses should be
tailored [41,42].

Recently, academic studies have emphasized the substantial value of Nature-Based So-
lution (NbS) applications, showcasing their practical usage and the best practices in various
urban contexts [43-47]. The implementation of NbSs offers effective solutions for mitigating
urban challenges and significantly contributes to sustainable urban development [48,49].
Considering this, it is feasible to implement the application of nature-based solutions on
geomorphological maps prepared during the assessment of urban environments. These
integrated maps can serve as important tools for identifying suitable areas and planning
the implementation of NbSs, which, when strategically applied, can address urban chal-
lenges influenced by geomorphological factors and changing environmental conditions [50].
The scientific evidence on NbSs supports the use of a transitional approach towards over-
coming the urban difficulties that cities are presently facing. In this regard, NbSs, which
involve incorporating the ecological dimension within spatial planning policies and prac-
tices in cities, can offer a starting point for tackling these difficulties. It is important to
highlight that in the past decade, NbSs have played a significant role in reducing and
mitigating the risks associated with climate change [51]. In particular, NbSs have shown
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important outcomes in addressing many urban challenges [52-54]. Cities like Dortmund
in Germany, Turin and Milan in Italy, Zagreb in Croatia, and Ningbo in China have taken
a leading role in implementing NbSs for sustainable urban management. These cities
serve as living labs where NbSs are developed, tested, and integrated into urban planning.
Notably, they have implemented strategies such as green roofs, urban parks, and protection
of forested areas to promote sustainable urbanization, restore ecosystems, and enhance
resilience [49]. NbSs are considered urban design and planning tools for ecologically
friendly urban development because they incorporate the core principles of green and blue
infrastructure, geosystems services, and biomimicry [55].

Against this background, this study was based on a comprehensive analysis of biblio-
graphic sources and the application of methodological frameworks; this research aimed to
uncover the novel approaches being pursued in the modern studies of urban geomorphol-
ogy and urban geoheritage. Moreover, this research sought to address these knowledge
gaps by examining how NDbSs are being integrated into contemporary urban geomor-
phology and urban geoheritage studies, shedding light on innovative approaches within
the field.

The paper further aims to introduce a methodological framework and demonstrate
its practical application. Milan was selected as the implementation site for the proposed
methodology due to its rich historical heritage, dynamic urban landscape, and the presence
of various environmental and urban challenges. Particularly notable are Milan’s northern
rivers which historically presented considerable flood risks [56]. Therefore, the study
included the northern and northeastern zones of the city of Milan that are affected by floods
caused by the Seveso and Lambro rivers. Consequently, the final integrated map of urban
geomorphology, geoheritage, and NbSs for the area was developed and prepared based on
the proposed methodology.

2. Study Area

Milan is the largest city in northern Italy and is located in the northern part of the
Po Valley. Over time, the area has undergone numerous significant topographical changes,
leading to the degradation of its natural landscape while concurrently giving rise to con-
temporary anthropogenic landscape forms. Milan’s geology is characterized by terraced
deposits of ancient alluvium, shaped by fluvioglacial and fluvial processes over time. These
deposits primarily consist of graded gravels with silt, sand, and clay, reflecting the city’s
location in the Po Valley. Traces of fluvioglacial processes can be observed in the formation
of the city since the Pleistocene epoch [57]. Milan’s continental climate is characterized
by distinct seasonal variations, featuring warm to hot summers and cold winters, with
an average annual precipitation of around 800 mm/year [6,58].

The interplay between the city’s development and the geomorphological features
highlights the complex relationship between human actions and the natural environment.
Milan’s integration of ancient Roman architectural marvels into modern urban infrastruc-
ture showcases its rich urban geoheritage. The urban geoheritage of Milan is enriched by
its historical buildings (e.g., Sforza Castle (15th century)) constructed with materials such
as limestone and brick, showcasing the city’s geological and historical significance [6,59].

The urban development of Milan was deeply connected to the local geological charac-
teristics of the territory, where fluvial channels and other natural elements were shaped by
anthropogenic activities. In Milan, over half of the land area is covered by artificial surfaces,
leaving no open land plots [60]. In addition, Milan is known for its northern-originating
rivers, several of which have been channeled (the so-called ‘Navigli’) and covered during
the 20th century, leading to their disappearance. The historical importance of Milan’s Nav-
igli network—an engineered waterway system dating back to the 12th century—played
a crucial role in connecting the city with neighboring rivers like the Adda and Ticino
rivers, while fulfilling irrigation needs in the region [60]. The northern rivers of the city,
including the Olona, Seveso, and Lambro, have historically been recognized for posing
considerable flood risks [56]. Thus, with its diverse landforms and areas prone to chal-
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lenges, the city offers an ideal environment for implementing the proposed methodology,
fostering a comprehensive understanding of urban dynamics and effectively addressing
urban issues.

3. Materials and Methods

This research was conducted through a review of the literature on urban geomor-
phology, urban geoheritage, and NbSs, with the aim of proposing an advanced mapping
methodology for urban areas. The methodology is outlined in Figure 2, and it was de-
veloped using a two-step approach: (i) a literature review consisting of a methodological
analysis regarding urban geomorphology and urban geoheritage assessment, and in the
application of NbSs, spanning the period from 1950 to 2023. Moreover, the historical
evolution of the methodologies was assessed and compared with the modern approaches.
This first step was conducted by adapting the methodology proposed by Bettoni et al. [61].
(if) We propose a new methodology to integrate NbS applications in urban geomorphology
and urban geoheritage maps and tested its implementation in Milan.

Istep

l Literature review ]

Keywords 101'
Tools for searching Urban geomorphology Time frame

Scopus, Google Scolar, Urban geoheritage 1950-2023
Researchgate, Web of Science Nature based Solution

v

Criteria used to analyze
the literature (Table 1)

L3

Data collected in Excel
v

Statistics of analyzed literature

¥

-
The chronological development }

of the analyzed methodologies

v

Comparison of traditional
and modern methodologies

II step ﬂ

NBS integrated urban geomorphology and

geoheritage methodology proposal and map
example illustrating this integration

Figure 2. Flowchart indicates the methodology used for analyzing urban geomorphology, urban
geoheritage, and an NbS methodology during 1950-2023. The criteria used for analyzing literature
are listed in Table 1. We proposed an NbS-integrated methodology and tested its implementation.
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Table 1. The criteria used to analyze the literature. Examples of literature on (a) urban geomorphology,

(b) urban geoheritage, and (c) Nature-Based Solutions from Excel files.

Publication Year

Name of the Article

Methodology

Data Used

and Author(s)
" Geomorphological mapping was used .
(@) 1982 Geomlojll:[t;?lr(;logy for recording land surface characteristics. Dati;g‘:ﬁ:fi E;O;l;ii flc;zt(’iures.
in Dry Lands” (Cooke, R. U.) [62] The process involved desk studies rock, drainage an:i slo ’e stabilit
Y s and field mapping using relief profiles. . 8 p ¥
“Urban geoheritage as a Fieldwork surveys conducted in
. Milan involved selecting stops to e .
resource for Earth Sciences o The paper utilized cartographic and
(b) 2017 education: examples from recognize different rocks and iconographic documents to assess
Milan me‘tro olitan area” understand past fluvial activity and urban geoheritage features
(Pelfini ert) al) [6] analyzing human interventions that 8 8 ’
v shaped the landscape.
“Planning and Suitability GIS-Multi-Criteria Analysis to
Assessment of Large-scale assess large-scale NbSs for flood risk The study utilized ESRI ArcMap
(©) 2021 Nature-based Solutions for reduction, using flood maps to deter- toolboxes guided by flood and

Flood-risk Reduction”

mine storage needs and susceptibility

suitability maps.

(Mubeen et al.) [63] maps to guide solution allocation.

3.1. Literature Review and Methodological Comparison

In the initial stage, a literature search on urban geomorphology, urban geoheritage,
and NbSs was conducted using the Web of Science (WoS), Google Scholar, Scopus (Elsevier)
and ResearchGate online platforms for the period between 1950 and 2023. The selection
of an appropriate initial timeframe in the literature review facilitated the exploration
of innovations in urbanism after World War 1II, a critical period that shaped modern
urbanization [64].

To enhance the accuracy of the search results and ensure the relevance of the research
papers to our study, specific keywords were utilized. The literature search for urban
geomorphology incorporated keywords such as ‘urban geomorphology’, ‘urban landforms’,
“anthropogenic geomorphology’, and “urban land use’; for urban geoheritage, keywords
like “urban geoheritage’, ‘conservation in urban area’, “‘urban geological heritage’, and
‘geotourism in urban area’ were used; and for NbSs, “Nature based Solution” and ‘Green
Infrastructure” were used.

Each paper was individually analyzed based on the criteria outlined in Table 1. This
table presents the structured frameworks for literature analyses related to urban geomor-
phology, urban geoheritage, and NbSs. During the data collection phase of the research,
a systematic approach was applied. In order to streamline this process, the data were
structured and entered into Excel sheets. The gathered materials were organized chrono-
logically according to the criteria specified in Table 1, utilizing Excel, with separate tables
created for each of the three subjects (urban geomorphology, urban geoheritage, and NbSs).
The statistical representation of the analyzed materials is also provided (Figure 3).

1960 1970 1990 2000 2015 2023

80

70 —4#—Urban geomorphology
60
50
40
30 Nature based Solutions
20 (NbS)

10

Urban geoheritage

NUMBER OF ARTICLES

Figure 3. Statistics of articles, analyzed by year, on urban geomorphology, urban geoheritage, and
Nature-Based Solutions (NbSs).
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During the literature review, priority was given to articles with scientific contributions
in terms of methodology, and materials meeting the following criteria were excluded from
the analysis:

e The methodology was not clearly related to our topic of interest or with limited information;
e Content was limited to a literature review;
e  Articles predominantly focused on social and economic content.

After implementing the initial approach, which included different Excel sheets for
the three subjects according to the specified criteria (Table 1), it was possible to trace the
chronological development history of the methodologies and techniques employed in the
literature. An extensive analysis was performed in order to identify patterns and trends in
the methodologies that were applied in the urban geomorphology, urban geoheritage, and
NDbS research papers. These findings helped us to understand the evolution of academic
interest and scientific achievements in this period of time.

Following this historical analysis, a comparison was made between the historical and
contemporary methods and techniques utilized in urban geomorphology.

3.2. Methodological Proposal and Implementation

In order to propose solutions for the implementation of geomorphological mapping
approaches in risky areas identified during the research, we introduced urban geoheritage
research into the presented methodology and, furthermore, ensured the integration of NbSs
into this methodology. As a result, the methodology proposed includes both traditional
and non-traditional methods used in urban geomorphology and geoheritage research,
combining them with the NbS approach.

The proposed methodology was applied to the city of Milan, Italy, which has experi-
enced increased vulnerability to floods in recent decades. It includes a 48.07 km? expanse
in the northern and northeastern zones of the city, which are prone to flooding caused
by the Seveso and Lambro rivers. The necessary data (e.g., DEM and climate data) for
implementing the proposed methodology were collected from official resources such as the
Geoportal of Lombardy [65], ISPRA [66], ISTAT [67], and Milan Geoportal [68]. Geographic
Information System tools were utilized for the spatial analysis and general assessments
conducted on the terrain. Assessments of slope, land use/land cover, lithology, geol-
ogy, proximity, land surface temperature, and hypsometry were reclassified based on the
weights provided in Table 2, ensuring their thorough integration into the susceptibility
analysis. Raster calculations were conducted, integrating weighted parameters as inputs,
to map susceptibility areas, particularly focusing on quantifying flooding susceptibility
across the study area using mathematical calculations [69]. The mathematical formula used
for the raster calculation was

SI=WIxP1+W2xP2+...Wn xPn

In this formula, each input parameter (P) is multiplied by its corresponding weight
(W), and the results are summed together to determine the susceptibility index (SI), which
ranged from very low to very high susceptibility. In addition, a spatial join technique
was used along with additional information (e.g., buildings) to identify high-risk areas.
Subsequently, we created appropriate NbS data for the identified high-risk areas within the
city. The NbS data were generated through geocoding techniques applied to information
collected from various sources [70,71]. Finally, the final map visually illustrating the
urban geomorphology, urban geoheritage, and proposed NbS was assembled. The legend
for the final map was primarily based on ‘Quaderno 13’ [72], which provides Italian
guidelines for geomorphological mapping (Fascicolo [—Quaderno 13), along with other
additional sources.
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Table 2. Weights labeled for analysis of susceptibility.

Class Weight
Very high susceptibility 5
High susceptibility 4
Medium susceptibility 3
Low susceptibility 2
Very low susceptibility 1

4. Results
4.1. Analyzed Literature Statistics

Research documents utilizing different methodologies employed in the study of urban
geomorphology, urban geoheritage, and Nature-Based Solutions between 1950 and 2023
were selected from the Web of Science (WoS), Google Scholar, Scopus (Elsevier), and
ResearchGate online platforms, and analyzed based on the criteria presented in Table 1.
The statistics of the analyzed articles are illustrated in Figure 3.

A total of 267 academic papers from different sources (Table 3) were categorized into
urban geoheritage (68 articles), urban geomorphology (127 articles), and NbSs (72 articles);
these articles were analyzed and organized into three separate Excel files.

Table 3. Number of collected and analyzed materials from different sources.

Subject Number of Analyzed Articles Total Name of the Journal (Number of Articles)
Urban Geoheritage 72 Geoheritage (23), Sustainability (19),
Urban Geomorphology 127 267 Geomorphology (17), Journal of Maps (13),

Nature-Based Solutions

68 Land (14), Water (8), and others (173)

Thus, by tracing the chronological development of the methodologies and techniques
used in the collected literature, the evolution of academic interest and scientific achieve-
ments during this period was determined. Consequently, we indeed observed a direct
connection between the development of the analyzed methodologies and the evolution of
urban landscapes. In fact, the complex development of cities has also contributed to the
advancement of these research methods and techniques (Table 4).

Table 4. Evolution of methodologies and techniques for urban geomorphological analyses.

Year(s) Methodology and Techniques Evolution in Urban Geomorphology
1950s Analysis of geological, topographic, cartographic, and aerial data
1970s GIS and remote sensing
1990s Advanced remote sensing and LiDAR
2000s Al (artificial intelligence): integration of machine learning models
2015s Advancement of deep learning techniques

4.2. Methodological Evolution over Time

Since the aftermath of the Second World War, rapid urbanization has become a global
phenomenon [64]. This accelerated urban growth has engendered significant transfor-
mations in the physical landscape across urban areas, thereby presenting complex geo-
morphological challenges. Starting in the 1950s, extensive research has been focused on
comprehensively investigating the multifaceted impacts of urbanization on landforms,
effectively addressing the diverse range of issues involved [2,62,73-83]. As a result, the
dynamic nature of these challenges has emphasized the need for the development of
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novel methodologies and techniques to further examine the complex interplay between
urbanization and landforms.

Since the 1950s, the utilization of geological, topographic, cartographic, and aerial map-
ping for the examination of urban geomorphology has remained unaltered [73,79,84-93].
Aerial photography, as a valuable tool for earth feature analysis, presents expanded pos-
sibilities for enriching our comprehension of both cultural and natural landscapes. This
method proves especially valuable in geographical applications by enabling the identifica-
tion of alterations in physical and human phenomena through the systematic comparison
of temporal sequences [25,94-96].

Satellite imagery’s ability to capture large geographic areas in one image has been
instrumental since the 1970s for monitoring and categorizing land use and land cover
across expansive regions. This is essential for evaluating shifts in landscapes, urban growth,
and environmental dynamics. This methodology of utilizing satellite imagery is crucial for
comprehensive LULC assessments in areas where ground-based data collection may be
challenging. The outputs can facilitate the evaluation of landscape shifts, urban growth, and
environmental dynamics, providing essential insights into areas where ground-based data
collection may be challenging [76,78,97]. The accessibility of Earth data through satellites
initiated the need for advanced GIS programs to process the raw data into coherent classifi-
cations, such as distinguishing urban areas [98]. The process typically involved employing
principal components analysis for data reduction, alongside digital and computer-assisted
change-detection techniques to identify significant changes and direct the analyst’s focus to
specific regions [99].

In the last few decades, urban expansion has caused substantial changes in the
natural landscape, including the destruction of green spaces and the redevelopment
of former industrial areas [100]. These substantial changes have amplified the need
for sustainable urban planning in cities, requiring improved monitoring and evaluation
methodologies [101,102]. This heightened emphasis on sustainability necessitates an en-
hanced monitoring and evaluation methodology. In this context, a new form of RS called
LiDAR (Light Detection and Ranging) has emerged as a crucial tool in 3D terrain modeling
due to its capacity to collect thousands of elevation values per second with unprecedented
precision and detail [42,103-108]. The LiDAR analysis method has been applied since the
early 1960s [109] with the use of LiDAR data for feature extraction and 3D modeling of
urban areas gaining more attention in the 1990s [103,104]. In the field of urban studies,
LiDAR data are important for the 3D modeling of urban areas. It allows for the creation of
detailed and accurate representations of buildings, vegetation, and other structures. This
3D modeling is invaluable for urban planning, infrastructure development, and disaster
management. The integration of LiDAR into terrain science is significantly enhanced by its
compatibility with the continuously advancing and cost-effective GISs [110,111].

The swift urbanization progress has given rise to additional research challenges.
The increased human activity has led to a higher urban infrastructure density, consequently
exposing certain knowledge gaps in the field. As a response to this, in the 2000s, the
incorporation of machine learning techniques enabled more precise map processing and
in-depth investigation of urban territories [112-114]. Automating change detection in
urban areas through machine learning techniques is essential for enhancing precision and
streamlining the identification and description of temporal alterations [112]. The integration
of machine learning into GISs enhances their capability to extract valuable geographic
insights, particularly in urban and human-related contexts, by enabling automated learning
and interpretation of complex spatial data [113].

In the 21st century, deep learning has gained prominence within the field of ma-
chine learning. Deep learning, as an advanced machine learning technique, has found
successful applications in urban areas, particularly in the domains of image recognition
and classification [115-119]. This method has also been employed to strengthen hazard
assessments in urban areas, significantly contributing to improved hazard evaluation and
risk prediction.
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The growing interest in urban geomorphology has become a pivotal aspect for various
reasons. It plays an important role in preserving geoheritage [6,8,120-124] and identi-
fying natural landforms within cities [6,125,126], ultimately enhancing the potential for
geotourism experiences in urban environments [11,21,127-134]. Urban geoheritage, en-
compassing historical significance, unique geological features, cultural value, and human
interactions, constitutes a significant aspect of the urban environment [5,7,19]. Information
systems, photogrammetry, and digital tools have been recognized as essential for effectively
analyzing and preserving urban geoheritage. These tools provide a means of representation
and management of the data acquired through the gathering of documentary materials or
metric surveys, enabling a better understanding and enhancement of urban geoheritage
in cities [135,136]. Additionally, photogrammetry offers an efficient way to create detailed
3D models of objects or landscapes, allowing for the accurate measurement, analysis, visu-
alization, and documentation of physical features in urban areas. The integration of GIS
and remote sensing techniques can contribute to the monitoring and protection of urban
geoheritage sites in urban environments. These tools can be used to map land use changes,
predict future urban expansion, and identify potential threats to urban geoheritage, sup-
porting informed decision-making and the development of strategies for urban geoheritage
management and urban planning [133,135,136].

Acknowledged for its cultural and tourism value, urban geoheritage encompasses
a diverse array of elements beyond geological formations. The cultural dimension of
urban geoheritage extends past geological structures and can encompass various aspects,
including architectural heritage, community spaces, and cultural practices. A historical
building constructed with locally sourced geological materials, such as stone or other natu-
ral resources, represents a significant aspect of urban geoheritage, showcasing the intricate
relationship between geological formations and urban development [6,129]. Moreover,
urban geoheritage sites, including architectural landmarks, historical buildings, public
squares, or community centers, can serve as community hubs or gathering places, hosting
cultural events and festivals. Furthermore, urban geoheritage possesses tourism value,
revealing the city’s geological and cultural heritage [17,120]. This aspect attracts individuals
interested in exploring the distinctive features of the urban landscape. For instance, his-
torical buildings constructed with locally sourced geological materials can serve as tourist
attractions, showcasing the city’s geological history and architectural heritage [128,129].

Urban geoheritage is a relatively new concept, and in recent decades, it has been subject
to research by different scholars, each employing different approaches and
methodologies [137-139]. These methodologies include visual and observational approaches
for urban geoheritage analyses, multidisciplinary methods combining historical and climato-
logical data for regional geodiversity assessments, and comprehensive fieldwork followed
by literature reviews and geological analyses to identify geological features in urban en-
vironments. Each approach is customized to suit the specific research objectives and the
characteristics of the geological heritage under investigation [6,9,10,125,140-142].

Urban geomorphology and urban geoheritage are deeply interconnected, as they
both play important roles in developing a comprehensive understanding of the historical
evolution and significance of urban landscapes. These disciplines share a common approach
involving the analysis of data and historical records spanning various time periods. This
multitemporal approach enables researchers to trace the transformations within urban
environments, pinpoint valuable heritage sites, and comprehend the repercussions of
urbanization on natural elements.

As presented by Pica et al. [10], the integration of urban geomorphology and geoher-
itage assessments offers a holistic viewpoint of urban landscapes, aiding in the identification
and preservation of culturally significant landmarks while simultaneously unraveling the
underlying geological processes that shaped these urban areas.



Land 2024, 13, 467

11 of 26

4.3. Comparison between Traditional and New Methodologies

The field of urban geomorphology has evolved significantly in response to the chal-
lenges posed by rapid urbanization and advancements in technology (Figure 4). This
transformation encompasses a shift from traditional geological and mapping methods to
the incorporation of modern tools such as LiDAR, GIS, and machine learning, resulting
in a more comprehensive understanding of urban landscapes and their historical signif-
icance. Moreover, the interconnection between urban geomorphology and geoheritage,
coupled with a heightened focus on addressing climate change and disaster mitigation, has
propelled these disciplines into the forefront of 21st century urban studies. The changing
methodologies employed in urban geomorphology assessments offer a clear reflection of
the evolving landscape of research. Historically, methodologies were rooted in exhaustive
literature reviews and data collection, with a strong emphasis on field surveys and the
analysis of various maps and models for the classification of urban landforms. After the
19th century, noticeable advancements in research methodologies in urban geomorphology
became apparent.

i ) Field surveys, analysis of Uses of numerical and
LTI T geological, cartographic, L) algorithms models
L and data " topographic and historical
collection map
Methodology, data
and techniques (pre-
1990)
Classification
and
Urban identification of
Geomorphology FnlEss
Modern methodology,
data and techniques
) i Field surveys, analysis of Incorporating and
Literature review geological, cartographic, integrating 3D modeling,
and data —®  topographic and historical LIDAR, Machine

collection

map

Learning, Deep Learning

Figure 4. Comparison of modern and pre-1990s approaches for urban geomorphological methodologies.

In the contemporary era, there is a marked continuity with the past. While traditional
practices such as literature reviews and data collection persist, and field surveys and map
analyses remain integral, the modern approach extends further to incorporate innovative
elements and advanced techniques like LiDAR technology, machine learning (ML), and
deep learning (DL). This blend of traditional and cutting-edge methodologies exemplifies
the dynamic nature of urban geomorphology assessments.

Academic studies of urban geomorphology and geoheritage have incorporated con-
siderations of climate change into their research [94,133,143]. However, it is essential to
recognize that rapid urbanization is a significant factor that directly contributes to climate
change [144]. Due to the unplanned use of the Earth’s surface and the extensive alteration of
land cover, along with the complete destruction of vegetation, the natural system has been
disrupted, which can result in natural disasters such as floods, landslides, etc., particularly
in urban areas [145].

Hence, the investigation of urban geomorphology and geoheritage holds particular
significance in mitigating these natural disasters and in the context of urban planning.

In the comprehensive examination of the literature, it was generally observed that
research methods in urban areas tended to primarily focus on the analysis of issues con-
cerning urban morphology, while simultaneously revealing a notable scarcity of proposals
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for addressing these problems. This gap highlights the need for a more comprehensive
approach that integrates analyses with actionable solutions in urban planning.

4.4. NbS Methodology Review

In the 1970s, it was acknowledged that nature’s functions play an important role in
benefiting human societies [146], and in the late 2000s, the term ‘Nature-Based Solutions’
emerged, with these approaches being implemented in various urban areas, resulting in
positive outcomes [147,148]. NbSs have been extensively applied as a resilient approach
in the collaborative effort to mitigate the impacts of climate change [44,54,149-158]. In
the academic exploration of NbSs, the methodological framework involves integrating
spatial analyses, cartographic techniques, and GIS tools. To define NbS methodologies,
the application of a spatial understanding, overlaying theoretical constructs onto the
geographical landscape, is essential [46,63,159,160]. The initial phase of the methodology
involves a careful review and compilation of existing spatial data, including land use
maps, climatic datasets, and relevant biodiversity indices. The incorporation of such spatial
datasets serves as the foundation for understanding the baseline conditions and crucial
contextual nuances in the context of NbSs [44,159,161].

The next stage involves crafting detailed maps that visually represent the theoretical
foundations of NbSs. This may include mapping ecological hotspots, climate vulnerabilities,
and areas designated for NbSs. The methodology for implementing NbSs has evolved
significantly, with a focus on assessing vulnerability and susceptibility in specific regions to
strategically apply NbS interventions. In recent studies, before the implementation of NbSs,
the assessment of high-risk and vulnerable areas in the region is commonly performed
through the evaluation and creation of susceptibility maps [47,162]. These maps identify
the risk-prone areas, enabling the strategic application of NbSs in specific zones where
interventions would be the most impactful.

The other important part of the NbS methodology is to apply green mapping. Green
mapping helps in identifying and classifying urban green spaces, which is crucial for spatial
planning. Mapping green spaces using techniques allows for a detailed analysis of the vege-
tation. Nature-Based Solutions can be implemented more effectively with a comprehensive
understanding of the existing green spaces within an urban area [163-165].

Planning for NbSs begins with identifying the areas that are the most suitable for
implementation. Additionally, the selection of NbS types is determined based on the
susceptibility experienced in the area [47,150,166]. Selecting the appropriate NbS is crucial
for addressing various urban challenges by integrating elements like permeable pavement
systems, green roofs, city trees, etc., which contribute to sustainable urban development,
climate resilience, and the enhancement of ecosystem services [167-169].

Subsequently, NbS mapping visually represents the spatial distribution of the selected
NDS types, offering clear insights for urban planners, policymakers, and stakeholders.

4.5. Proposed Methodology with NbS Integration

Nature-Based Solution methodologies can be integrated following an in-depth urban
geomorphological and geoheritage assessment. This integration is possible due to the
shared emphasis on understanding and utilizing the geological and cultural characteristics
of the urban landscape. For instance, after identifying and categorizing landforms and
urban geoheritage elements, the subsequent application of NbS methodologies aligns with
the geological and cultural context identified earlier.

This integration is beneficial for several reasons. Firstly, it allows for the strategic
placement of NbS interventions based on a detailed understanding of the urban landscape’s
geological features. For example, green infrastructure can be strategically implemented
in areas with specific geological characteristics to enhance both ecological and cultural re-
silience. Secondly, by considering the cultural and tourism significance of urban geoheritage
elements, NbSs can contribute to the preservation and promotion of these valuable assets.
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The proposed methodology (Figure 5) incorporates NbSs in the study of urban geo-
morphology and geoheritage, aiming to address urban challenges and offer solutions to
mitigate climate and human-related risks.

1. Literature review and data collection

Literature review on urban geomorphology and geoheritage;
Collection of geospatial data: DEM, topographic, climate etc.

{}

2. Landform Assessment

N\ )

Geological, urban geomorphological, and urban geoheritage assessment (considering cultural
heritage and tourism);

Urban drainage analysis;

Climate change analysis;

Temporal evolution analysis of the city.

2

3. Susceptibility and risk assessment

Assign weight values to prioritize susceptibility factors (e.g., considering climate);
Create susceptibility maps and integrate to risk assessment to evaluate potential impacts.

s

4. NbS integration

Prioritize Geography Aspects (e.g., green space availability);

Develop maps indicating the spatial distribution of selected INBS types;

Create visual maps illustrating integrated INbS with urban geomorphology and urban geoheritage
features.

Figure 5. The proposed methodology that integrates traditional and modern urban geomorphological
and geoheritage assessment methods with NbSs.

An explanation of the actions involved in the proposed methodology and implemen-
tation of it are provided below.

4.5.1. Literature Review and Data Collection

In the initial phase, the methodology starts with a solid foundation of data. This
involves gathering various datasets, such as topographic maps, satellite imagery, geologi-
cal surveys, historical records, Digital Elevation Models (DEMs), land cover data, climate
records, etc. Additionally, the exploration extends to land use changes, natural features, and
alterations induced by human activities. The utilization of remote sensing techniques, such
as LiDAR and aerial photography, can provide detailed information on the terrain morphol-
ogy, vegetation distribution, and land use patterns over time [170,171]. The transition from
desk-based research to on-site observations occurs through field surveys. These surveys
provide essential ground truth data on landforms, soil characteristics, and the state of the
urban infrastructure.
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4.5.2. Landform Assessment

The methodology involves landform assessments, which include the systematic recog-
nition and classification of both natural and anthropogenically modified landforms, as well
as urban geoheritage elements within the urban area. This systematic process necessitates
a comprehensive analysis of the geology, land use and land cover patterns, urban geo-
morphology, and urban geoheritage. Additionally, it involves analyzing urban drainage
systems, assessing the impact of climate change, and analyzing the temporal evolution of
the city.

Historical landform identification through remote sensing techniques is commonly
practiced through LiDAR and GIS-based modelling. LiDAR scans offer a high spatial
resolution and effective vegetation cover removal, making them valuable for detecting
surface and subsurface features [171]. Additionally, DTMs derived from LiDAR data
provide insights into pre-modern reliefs and the alignment of ancient features. Comparing
historical cartography with modern topography from remote sensing data offers an effective
approach to landform identification. This method utilizes map overlays, digitalization of
elevation data, and contour lines to track significant morphological changes over time. It is
particularly valuable for understanding anthropic landforms in historical urban contexts,
allowing for the accurate analysis of volumetric changes and the identification of pre-
existing elements in urban landscapes [170].

Acknowledging the dynamic character of geoheritage sites within urban settings
is important, and requires a comprehensive evaluation of their geological, cultural, and
tourism significance.

In terms of cultural assessments, the evaluation explores the roles of these landforms
in the historical and cultural context of the urban setting. This cultural perspective enriches
the understanding of these sites, acknowledging their influence in shaping the identity and
heritage of the urban community.

Moreover, the evaluation extends to the tourism importance of these geoheritage sites.
Landforms with distinctive geological characteristics or cultural significance can evolve
into attractions, contributing to tourism development.

4.5.3. Susceptibility and Risk Assessment

The methodology introduces a crucial step of assigning weight values (Table 2) to
susceptibility factors. This involves a consideration of the factors identified in the pre-
vious stages, prioritizing them based on their perceived significance in contributing to
susceptibility. Weight values are assigned to each factor to reflect their relative importance
in influencing the vulnerability of the identified landforms. GIS tools play an important
role in generating these spatial maps, depicting the distribution and intensity of the sus-
ceptibility factors. Visualizing and documenting the results form the final phase of this
mapping process.

It is important to conduct risk mapping and integrate it with susceptibility mapping
to better understand the potential impact of hazards on both physical and human elements.
Data such as land use, population density, infrastructure, and other relevant variables
can be included in the analysis to comprehensively assess the impact of hazards when
integrating susceptibility data into a risk assessment process.

The inclusion of the susceptibility map in the final map helps to create an understand-
ing of the vulnerable areas within the region.

4.5.4. NbS Integration

The methodology begins by integrating geographical aspects to identify areas suitable
for specific purposes. This involves considering factors such as green space availability,
etc., with an integration of spatial data on topography, water bodies, and natural features
to assess the physical landscape. Simultaneously, demographic data, including population
density, are factored in to understand the distribution and concentration of residents in the
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area. This comprehensive approach aims to provide a well-informed assessment of areas
suitable for specific purposes, considering geographical aspects.

This process involves considering various factors to determine the most suitable types
of NbSs for the urban area, followed by prioritizing the suitable NbS types. The NbS
mapping phase serves as the final thread, weaving Nature-Based Solutions into the urban
environment. The integration of urban geomorphology, geoheritage, and NbSs on a map
can be realized through a strategic process utilizing GIS technology and spatial analyses.
This involves overlaying layers that depict various elements, including geomorphological
features, geoheritage sites, and potential locations for NbSs. Visual maps serve as essential
reference tools, depicting the suitable NbS types across the urban area. These visual
representations not only showcase the spatial distribution of NbSs but also illustrate their
integration with urban geomorphology and geoheritage features.

4.6. Implementation

The city of Milan, Italy, characterized by its dynamic urban landscape and vari-
ous urban challenges, was chosen for the implementation of the proposed methodol-
ogy. The initial stage of the methodology involved reviewing the literature, field surveys,
and data collection. Based on the literature review, problematic areas of the city were
identified in the north and northeast parts of the city. A field survey was performed
to evaluate areas with a flooding risk. Furthermore, essential data (e.g., DEM and cli-
mate data) for conducting the analysis in the subsequent stages of the methodology were
collected [65-68,70,72,172]. During the second stage of the methodology, geological, ge-
omorphological, drainage system, geoheritage, spatio-temporal evolution, and climate
change assessments were conducted to identify landscape forms and provide an overall
evaluation on a territorial basis. Utilizing GIS tools, the analysis of landforms based on the
DEM was conducted to evaluate the terrain parameters and extract the primary geomor-
phological elements. The data downloaded from the Geoportal of Lombardy [65] enabled
an assessment of the geological characteristics within the urban area. Moreover, for the
analysis of urban geoheritage, data were extracted from the same source, which highlights
a selection of significant properties dating back to the late 19th century. The dataset offers
a comprehensive overview of these properties, emphasizing significant aspects such as
historical significance, distinctive construction methods and materials, and common archi-
tectural styles characteristic of the period. Among the reported materials were terracotta,
solid bricks, exposed brick decorations, wood, and marble, reflecting the diverse building
techniques prevalent during their construction periods. After observing all the features of
these structures, selected data were extracted and classified under the cultural category
due to their historical and architectural significance, while others were categorized under
tourism due to their appeal to visitors. Furthermore, land use and land cover analyses
were performed and mapped to understand the spatial distribution of different land types
and their changes over time. This analysis included examining patterns of urbanization,
agricultural activity, and natural vegetation cover within the study area.

For the spatio-temporal evolution analysis of Milan’s administrative area, historical
map layers were retrieved using the WMS service provided by the geoportal of Lom-
bardy [172]. These maps, dating from 1956, 1984, and 2021, were subsequently georefer-
enced and digitized. This result was intended to be integrated into the final map’s primary
mapping phase.

Additionally, a drainage analysis was conducted using the digital terrain model,
involving a comprehensive examination of applied hydrology techniques to extract water
flow patterns based on reservoirs and water sources.

Concurrently, based on data taken from ISPRA resource [66], a climate change assess-
ment revealed weather changes from 1980 to 2022, as depicted in Figures 6 and 7. Both
precipitation (Figure 6) and mean temperature (Figure 7) are vital metrics for comprehend-
ing and evaluating the impacts of climate change on local and regional environments.
Incorporating land surface temperature data is important in assessing flood risks as it
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influences factors such as evaporation rates, soil moisture, and vegetation health, which in
turn affect rainfall dynamics. This indicator is also utilized in risk assessment processes.
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Figure 6. Cumulative yearly precipitation for Milan, 1980-2022.
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Figure 7. Mean temperature values for Milan from 1980 to 2022.

In the third stage, focusing on susceptibility and risk assessments, the analysis con-
ducted on the terrain was integrated to carry out an analysis of high-risk areas, resulting in
the generation of a flood susceptibility map. Initially, the relevant data were collected and
organized, followed by narrowing down the focus area for analysis, through the utilization
of GIS tools. Next, the vector data were converted into raster data for reclassification
based on vulnerability. This involved assigning weights to different thematic classes on
a scale of 1 to 5 (very low—very high), representing varying levels of vulnerability to floods
(Tables 2 and 5). Each factor was analyzed to determine its potential impact on vulnerability
to hazards, thus informing the overall susceptibility classification. For example, in the land
cover/land use dataset, built-up areas were considered to have very high susceptibility due
to their increased vulnerability to flood hazards. In the geology dataset, terraced deposits
were rated with high susceptibility due to potential instability, whereas fluvioglacial and
Wiirm fluvial deposits were categorized as medium susceptibility, reflecting their relatively
improved drainage properties compared to terraced deposits. Similarly, no soil areas were
considered very highly susceptible due to instability, while well-graded gravels with vari-
ous components were classified as highly susceptible, and poorly graded gravels were rated
as having a medium susceptibility due to their drainage properties. The proximity to rivers
was also considered, with areas closer to rivers rated as having higher susceptibility due to
an increased flood risk. Additionally, factors such as lithology, land surface temperature
(LST), hypsometry, and slope were also evaluated. Higher land surface temperature (LST)
values indicate warmer surface temperatures, which result in increased evaporation rates
and reduced soil moisture content, consequently lowering the susceptibility to flooding,
while lower LST values suggest cooler surface temperatures, potentially indicating higher
soil moisture levels and an increased susceptibility to flooding. Additionally, lower ele-
vation areas were categorized as having higher susceptibility levels due to the increased
risk of flooding, especially in proximity to rivers. Following the analysis of layers, raster
calculations were performed to define the susceptibility areas.
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Table 5. Weights given to every dataset included in analysis.

Susceptibility Classification

Dataset Class (1 to 5: Low to High Susceptibility Classification
Susceptibility)

Built-up 5 Very high susceptibility

Water land 5 Very high susceptibility
Lz;nddcover/ Arable land 4 High susceptibility

and use Low vegetation (brushes) 3 Medium susceptibility
Tall vegetation (trees, forests) 2 Low susceptibility

Geolo Terraced deposits (ancient Alluvium) 5 Very high susceptibility

8y Fluvioglacial and Wiirm fluvial deposits 3 Medium susceptibility

No soil 5 Very high susceptibility
Well-graded gravels with silt and sand 4 High susceptibility
Lithology Well-graded gravels with clay and sand 4 High susceptibility
Well-graded gravels with sand 4 High susceptibility

Poorly graded gravels 3 Medium susceptibility

98 to 110 m 5 Very high susceptibility
110 to 120 m 4 High susceptibility

Hypsometry 120 to 130 m 3 Medium susceptibility
130 to 140 m 2 Low susceptibility

140 to 156 m 1 Very low susceptibility

100 m 5 Very high susceptibility
200 m 4 High susceptibility

Proximity to river 500 m 3 Medium susceptibility
1000 m 2 Low susceptibility

over 2500 m 1 Very low susceptibility

<25 5 Very high susceptibility
25t07.5 4 High susceptibility

Slope 75t015 3 Medium susceptibility
15 to 25 2 Low susceptibility

25 to 65 1 Very low susceptibility

28 to 32 5 Very high susceptibility
32to 34 4 High susceptibility

LST 34 to 36 3 Medium susceptibility
36 to 37 2 Low susceptibility

371043 1 Very low susceptibility

Subsequently, the flood risk assessment involved integrating susceptibility data with
demographic factors to spatially and statistically determine the impact on both physical ele-
ments and human lives. By using spatial joining, the susceptibility data were incorporated
into the analysis along with demographic information [67], such as the number of affected
buildings within the susceptibility classes, providing a comprehensive understanding of the
risk posed by flooding on both the environment and human settlements. The susceptibility
map was intended to be integrated into the final map’s primary mapping phase.

The fourth stage of the methodology included integrating geographical aspects, de-
mographic data, and spatial analyses using GIS tools to assess areas suitable for specific
purposes, prioritize Nature-Based Solution types, and map the integration of NbSs with
urban geomorphology and geoheritage features. During this stage, population density
and green mapping were conducted to propose Nature-Based Solutions for the identified
vulnerable areas.

The technique used to construct the NbS database for the analysis area involved
extracting data from auxiliary sources [70,71] that do not provide geographic data, only
information. This information was then geocoded using geocoding techniques. Considering
the vulnerability of the area to floods, proposals for permeable pavement and green roofs
were developed and prepared.
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The concluding stage involved portraying the urban geomorphology, urban geo-
heritage, and proposed NbSs on the final map. In the final map (Figure 8a), the leg-
end for the urban geomorphology was prepared following the symbols outlined in the

‘Quaderno 13’ Italian geomorphological mapping guideline [72]. The preparation of the

geoheritage [9,140] and NbS legend symbols was based on a review of various literature
sources [43,45]. The enrichment of symbols utilized in the legend can be expanded based
on the conducted research area and proposed NbS solutions. Figure 8b—d illustrates the
field survey conducted to assess areas vulnerable to flooding. As noted earlier, the spatio-
temporal evolution map and susceptibility map were included in the final map’s primary
mapping phase. Tracing the historical evolution of the city is essential for understanding
the development of urban geomorphology, and it is important to incorporate a map de-
picting the historical development of the city into the cartographic representations in the
final map (Figure 8a). Moreover, the addition of a susceptibility map visualizing the city’s
high-risk areas serves as a supportive element in the overall evaluation of the final map.

(a) North and Northeast parts of Milan city =
Urban geomorphology and geoheritage map )‘
(NbS integrated)

Primary Mapping
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Figure 8. (a) Main map: map of NbSs integrated with urban geomorphology and geoheritage
for north and northeast parts of Milan, Italy, incorporating hydrographic features including the
Seveso and Lambro rivers and Naviglio Martesana canal. Observed artificial landforms in the area:
(b) Seveso River bed, a fully artificial channel; (¢) Naviglio Martesana canal; (d) flooded resident area
due to the Seveso flooding on 31 October 2023 (photo acquired from a resident citizen).
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The outcome is a distinct visual representation that highlights the relationships be-
tween these components in the urban landscape. This method, incorporating visual el-
ements, serves as a practical and easily comprehensible tool for advancing sustainable
urban development.

5. Discussion

The analysis of the literature indicated that the study of urban geomorphology has
been historically significant. Identifying and evaluating natural and anthropogenically
modified urban landforms contributes to a detailed understanding of the urban landscape.
In this context, maps traditionally play an essential role in examining the formation and
historical changes of these landforms that were influenced by both human and natural
factors. Furthermore, mapping has acquired contemporary significance in the field of
urban geomorphology and geoheritage studies. This approach is essential in recognizing
geological hazards, informing sustainable urban strategies, and facilitating decision-making
amid urban expansion and environmental intricacies.

Through the examination of articles, it became evident that in urban geomorphological
research, there is often a lack of geoheritage integration. The inclusion of urban geoher-
itage in the examination of urban geomorphology is important, given that geoheritage
constitutes a fundamental component of the geomorphic characteristics of the urban envi-
ronment. Concurrently investigating both aspects is imperative for a thorough examination
of the urban geomorphological landscape, revealing the scientific, touristic, and cultural
significance of numerous geoheritage features within urban areas. Providing cultural and
tourism assessments enhances the comprehension of these landforms and acknowledges
their multifaceted contributions to the essence of urban existence. However, the significance
of these urban landscape forms may diminish, change, or lose value due to human activities,
underscoring the importance of including geoheritage in urban geomorphological analyses.

Moreover, this study emphasized that the analysis of urban areas often overlooks many
details, and the absence of consideration for geoheritage is not the only apparent gap in un-
derstanding urban geomorphology. Thus, another prevalent gap in urban geomorphology
studies is the notable lack of proposed solutions to the identified urban issues.

As mentioned in the preceding paragraphs, the growing recognition of NbSs in pro-
moting sustainable urban environments has gained attention in recent years [148-150].
Acknowledging the rising importance of NbSs, this study recommends integrating these
approaches into urban geomorphology and geoheritage research. The suggestion is to
conduct NbS research after a thorough general urban study to produce more effective and
applicable results. The proposed methodology aligns with this approach, emphasizing
the need to comprehensively understand the urban landscape before implementing solu-
tions. The proposed methodology in this study offers a systematic approach for integrating
Nature-Based Solutions into urban geomorphology and geoheritage conservation practices.
It commences with a thorough literature review followed by landform assessments, leading
to the creation of a susceptibility map to identify risk areas. The selection of susceptibility
mapping for identifying risk areas was driven by its capability to provide a spatially ex-
plicit assessment of vulnerability, thereby enabling the precise targeting of Nature-Based
Solutions. Subsequently, the methodology integrates NbSs into urban geomorphology and
geoheritage assessments, resulting in an integrated map.

The practical implementation of this approach was effectively demonstrated through
its application in an urban area. The study was conducted in Milan’s northern and north-
eastern urban areas, focusing on landscape analyses and identifying vulnerable zones
for NbS implementation, particularly against flooding. Figure 8a visually represents the
strategic integration of NbSs into urban geomorphology and urban geoheritage mapping,
which was facilitated by GIS tools.

This proposed methodology primarily focuses on mapping various urban features,
including geoheritage features, and identifying risk areas for implementing Nature-Based
Solutions. Combining knowledge of valuable urban features with NbS applications can
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provide a more comprehensive tool for further urban planning and management. However,
our methodology may require additional resources and expertise for implementation com-
pared to traditional mapping methods, and the integration of NbSs introduces complexities
that may limit its accessibility to researchers and practitioners with diverse backgrounds.

Having examined the initial version of the proposed methodology, it should be noted
that the approach is open to various expansions and additions, facilitating its alignment
with different urban environments. The aim was to assess the adaptability and efficacy
of this methodology in diverse urban settings, and conduct in-depth explorations to offer
detailed insights into its application.

6. Conclusions

After examining 267 papers on the subjects of urban geomorphology, urban geoher-
itage, and Nature-Based Solutions, the analysis revealed the following outcomes:

e  The progress of urban environmental development has contributed to the evolution of
research methodologies implemented in urban settings;

e  The application of traditional methodologies (e.g., field surveys and mapping) remains
essential during the examination of urban geomorphology;

e In addressing the resolution of urban issues, the implementation of Nature-Based
Solutions (NbSs) has demonstrated positive outcomes in recent years.

The research highlighted the gaps that are often disregarded in the comprehensive
examination of the urban environment: (i) excluding geoheritage from urban geomorpho-
logical studies and (ii) the absence of proposed solutions to the identified challenges during
the exploration of the urban geomorphology.

Consequently, we proposed a methodology that, through the joint exploration of
urban geomorphology and geoheritage research, and the integration of NbSs, facilitates
a comprehensive understanding of modified urban relief forms influenced by both nat-
ural and anthropogenic factors and provides solutions to the challenges faced by the
urban environment.

The proposed methodology was implemented in the north and northeast parts of
Milan, Italy. Consequently, a practical use of the methodology was demonstrated, show-
casing a final map that represents the urban geomorphology and urban geoheritage,
along with the integration of NbSs. By suggesting Nature-Based Solutions in Milan, we
highlight the benefits of offering practical solutions that consider urban geoheritage and
urban geomorphology.

It should be noted that this methodology encompasses general application stages,
but its implementation in various city environments may result in limitations. However,
the proposed methodology was designed to be applicable to comprehensive research and
diverse urban conditions in future investigations, making it open to various expansions
and additions.
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