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Abstract

This article presents an innovative multistage research methodology for assessing the
development potential of small historic cities, with the aim of developing tools to support the
protection and sustainable development of the architectural heritage. The proposed procedure
involves an analysis of the historic space, and the first two stages have been tested on medieval
cities in the Subcarpathian region of Poland. The first stage involves classical methods of
architecture and urban planning, focusing on the history of urban development. The second
stage introduces three original indicators: Morphology and Physiognomy (MPI), Sustainable
Development (SDI), and Urban Integration (UII). MPI describes the spatial structure and the
state of conservation of the historic urban layout. SDI takes into account economic, social, and
spatial aspects and allows for a comparison of the surveyed cities in a regional context. UIl
assesses the degree of integration of the historic urban fabric with the contemporary spatial
and functional environment. The third stage, which is an innovative element of the methodology,
is based on modelling the urban fabric, digital representations of the heritage, and predicting
the evolution of the urban fabric. The aim is to integrate these approaches to protect and adapt
the historic fabric of small cities to contemporary needs, using advanced digital technologies
for documentation and analysis. The presented research concept is in line with both the idea of
the Smart City and the Regional Intelligent Specializations of the Subcarpathia, offering a
comprehensive approach to the assessment and protection of the architectural heritage in small
historic cities.

Keywords: Architectural heritage; Medieval cities; Conservation; Sustainable development;
Digital twins

Introduction

Small cities of medieval origin are a valuable part of Europe's cultural heritage. In many
countries, such as Italy, Spain, France, and Germany, they are treated as "living monuments"
subject to special protection. Their value comes from both their historical urban layout and the
specific social relationships that have shaped their identity over centuries. Weber [1] noted that
medieval cities played an important role as universal markers of Western culture, characterized
by autonomy, citizenship, and a uniform legal framework that governs political and economic
life. The historic medieval spatial structure of small cities is not only a testimony to their urban
character but also a key element of their identity. Wejchert [2] referred to such elements as
"crystallizing components," emphasizing their role in the organization of space. Despite repetitive
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patterns, medieval urban layouts simultaneously exhibit distinctive individual characteristics [3].
Today, small historic Polish cities face numerous challenges. Their development has been
influenced by historical political changes and contemporary demographic, economic, and spatial
processes. Unfortunately, the political transformation in Poland in the 1990s exacerbated
problems such as depopulation, changes in the social structure, or the uncontrolled development
of suburbs at the expense of historic centers. Despite numerous revitalization and renovation
activities, the authenticity of these cities and their genius loci is slowly being lost [4].

Rational city planning requires a thorough understanding of the mechanisms that govern it.
Planning decisions shaping its "anatomy" should have a solid foundation, not only in terms of land
use but, above all, in the interpretation of the spatial processes that can be described as its
"physiology." This is because a proper diagnosis of the urban structure allows for not only its
effective protection but also the design of a development that preserves the integrity of the urban
form and its historical identity. Zuziak defines the 'anatomy' of a city as the set of physical elements
that, through their development and structural relationships, build up the urban fabric [5]. It is a
heterogeneous structure within which we can distinguish nodes of urbanity and urban corridors that
act as factors crystallizing space, giving it form, and facilitating the orientation of users. They build
up the image of the city as a coherent whole in the minds of the inhabitants, defining its character
and identity. In small cities, the market acts as the dominant urban node, often constituting the main
public space with strong social, symbolic, functional, and cultural significance.

In the face of the dynamic changes that shape today's small cities, several fundamental
questions are being asked about their future. This has provided the impetus for the search for
effective tools to protect their specific spirit of place, heritage, and sustainable spatial planning.
The analysis of these questions formed the starting point for the research undertaken and the
design of innovative urban development strategies that aim to harmoniously combine historical
values with the challenges of modern urban planning. The following issues were addressed at the
center of these considerations:

- Sustainability: How can a balance between economic, social, and spatial aspects be

achieved to prevent stagnation while protecting a city's unique cultural identity?

- Demography and space: What urban planning solutions can effectively respond to the
challenges of an aging and declining population?

- Suburbanization and its consequences—How to limit uncontrolled spatial expansion
leading to depopulation of centers, increased infrastructure costs, and fragmentation of
the cultural and natural landscape?

- Protecting the urban landscape: What legal mechanisms and planning tools can protect
historic urban silhouettes and their foreshores from inappropriate development?

- Quality of public spaces: How can public space networks be shaped to enhance the
attractiveness of small cities and to improve the quality of life of their inhabitants?

The answers to these questions provide directions for further research and lay the

foundation for the search for urban planning tools and strategies that will allow small cities to
maintain their historical identity and adapt successfully to contemporary challenges.

Methodology, scope, and aim of the study

The architectural and urban heritage of small historic cities requires specific protection
methods. The aim of this research is to develop research into the creation of an effective tool to
consciously manage heritage in a way that allows it to be protected while adapting to
contemporary challenges [6], [7], [8]. The development of the presented methodology was
inspired by the theoretical and practical work of Zbigniew K. Zuziak [5], [9]-[13], who developed
the concept of urban structure modelling, initiated in Poland by Tadeusz Zipser. Zipser
emphasized the importance of modelling structure mechanisms as an important tool in spatial
planning processes [14].
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This article presents the author's research procedure for assessing the developmental
potential of small historic cities. The proposed methodology combines a conservation approach
with an adaptive approach to bridge the gap between traditional heritage conservation efforts and
current urban development needs. The proposed research procedure is based on a multistage
analysis of urban structures, with a particular focus on areas of high historical value. It combines
classical methods of urban analysis with modern digital tools and technologies, allowing
comprehensive coverage of both the tangible and intangible aspects of urban heritage. The first
two stages of this method have been applied to the analysis of small medieval cities in the
Subcarpathian region, allowing an empirical evaluation of the effectiveness of this toolkit in a
real urban context [15]-[19]. The case study of these cities adds a practical dimension to the
research by highlighting its relevance to spatial policy. This work is in line with the current
challenges of urban planning and heritage conservation, combining historical source material
analysis, research on the sustainability of urban structures, and the use of scientific tools to
accurately assess space. The third stage involves the development of a general theoretical
framework for the implementation of technology to support the needs of small historic cities. This
proposal takes the form of an iterative digital model to assess architectural and urban heritage,
providing a starting point for further research and development. An important element of this
methodology is the digital modelling of urban structures, which can be used from the theoretical
conceptualization of spatial transformation processes and their impact on the urban fabric to guide
their further development and analyze possible development scenarios. In the future, its empirical
verification will allow these tools to be adapted and refined.

The results of this research are of particular relevance to the spatial policy of small cities,
which often face constraints due to the lack of access to expert specialized resources. Unlike large
cities, the local governments of smaller centers do not have sufficient resources dedicated solely
to spatial planning. Therefore, the development of innovative methods to support heritage
conservation and spatial development is not only desirable but also necessary for effective urban
management and planning in regions such as Subcarpathia, which is historically dominated by
small cities. Furthermore, the results of this research can be an effective tool to support decision-
making processes in the field of conservation and revitalization, resulting in improved quality of
life for residents and increased attractiveness of small cities to investors.

Multistage research procedure in the preservation and development of small historic cities
in the Subcarpathian region

First stage

The first stage is the analysis of spatial and cultural mechanisms, which consists of many
of the classical methods applied to architecture and urbanism applicable to the discipline of
architecture and urbanism (Table 1). The history of urban development, based on the findings of
historians, archaeologists, and geographers, is important.

The theoretical frameworks of distinguished urban planners and spatial theorists, including
Lynch, Wejchert, Zérawski, and Cullen [20]-[23], along with Calvino's literary notions in "Invisible
Cities" [24], as a metaphorical interpretation of the city as a transient phenomenon, constitute the
foundational basis of this research. Within this approach, the city is considered a work of art. This
way of thinking has receded into the background of contemporary urban planning, which is still
extremely important in historic cities. Therefore, the first stage of the research has a contemplative
element that allows us to capture the beauty and spirit of small cities.

Queries and analyses of historical and cartographic sources have allowed a reconstruction
of the evolution of urban spatial arrangements. Particular attention has been paid to medieval
parcel divisions, the composition of monumental and residential buildings, and their spatial
relationships. The initial phase of the urban layout and the origins of the city are presented, along
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with its most important conditions. This descriptive historical approach explains the processes
involved in urban development [25]. The characterization of the geometry of the space and the
functions of the foundations of the historic city was developed on the basis of cartographic records
and the existing state, which is an entourage of the essential spatial dispositions and historical
conditions and transformations made over the centuries. Relics of historic settlement elements
and layouts were searched using metrological analyses to establish the measures and principles
of the original layout and the composition of the city plan. The analysis was based on preserved
artifacts, that is, the traces of the original parcels, the outline of the building blocks, and the
character and arrangement of monumental objects that are still visible today. On the other hand,
the course of the hypothetical defensive perimeter, gates, and gateways to the city in the Middle
Ages was determined based on previous archaeological research (if relics of the fortifications
survived), historical sources, and previous findings of researchers who were additionally
confronted with the contemporary relief presented on the shaded map, developed based on data
from the Digital Terrain Model (DTM) obtained from Geoportel [26].

Cartography is an important source for tracking the development of cities during the
medieval period. This involves, in particular, the study of urban composition, spatial structure,
transport systems, and the extent of development, as well as the recognition of the geography of
the area. In the small cities studied, there were no revolutionary transformations of the original
structure due to the peculiarities of slow economic development and the fact that the spatial form
of a city is more permanent than its social layout [27]. Friedrich von Mieg’s first survey map,
made on a scale of 1:28,800, was particularly helpful. This was the first military picture of Galicia
and Lodomeria taken between 1775 and 1783 (Josephinische Landesaufnahme). Used for military
purposes, Mieg's map includes descriptions of road conditions, water obstacles, terrain, and forest
complexes. Particular attention was paid to fortified objects, such as castles, city walls, bastion
assumptions, and earth fortifications, including entrenchments from the period of the Bar
Confederation. These descriptions reflect the state of defensive potential at the time when Galicia
was taken over by the Austrians after the first partition of the Republic in 1772. Most of this
potency was evaluated as obsolete, dating from the 18" century or earlier [28]. Later, cartographic
material, much more detailed in urban terms, included cadastral maps dating from the 19th
century. On them, the urban layout, which had been preserved in small cities since the Middle
Ages, was already recorded in a geometrical manner, despite the spatial changes in the region
that occurred in the 19" century due to the development of industry.

Another extremely important source of information on the construction of medieval cities
is the layout of the original building plots, which has survived to the present day. The original
layout and sometimes even individual masonry buildings, but from later periods (usually with a
public function), and the remains of defensive equipment survived. The landform was slightly
transformed. For this reason, field surveys are important in the first phase. These consisted of an
inventory of the historical area of each small city and a confrontation with the documents and
cartographic material collected. Traditional photographic documentation of urban objects and
interiors was conducted, as well as the spatial layout from a drone perspective. In the process of
analyzing urban space, in situ research, considering participatory observation and analysis of
spatial and architectural relationships, is extremely important. Field research and cabinet analyses
allow the original geometry of surveyed architectural structures to be mapped, which forms the
basis for further stages of evaluation and planning for the preservation of historic cities. The first
stage allowed us to conduct further research (Table 1).
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Table 1. Stage 1 of the research procedure: objectives, methods, and techniques applied at this stage, as well as strategic
and operational benefits of its implementation for the development of a historic small city.

MAIN OBJECTIVES
Identification of the original urban structure - hypothetical reconstruction of the geometry of the city in its
original setting (medieval subdivisions, plot layout, location of market, location of residential and public
buildings)
Understanding urban development and spatial and cultural heritage, including cultural and aesthetic dimensions of
perception of the city
Assessment of the sustainability of the spatial structure, determining which elements of the urban layout have
survived and in what way
Verification of planning and conservation documents, evaluation of the effectiveness of conservation regulations

METHODS AND TECHNIQUES
Type of method Name of method/technique
Historical and cultural methods Queries of source materials; Study of the history of the city's development;

Analysis of cartographic, iconographic and archaeological sources;
Analysis of scientific, literary and cultural sources

Cartographic methods Analysis of historical maps; Interpretation of spatial layers; Analysis of the
Digital Terrain Model (DTM)

Metrology methods Measurement and proportion analysis of urban layouts; Computer studies
of the geometry of spatial layouts

Archaeological methods Study of relics of fortifications, plot layouts, historic buildings;
Confrontation with previous studies

Field research Participatory observation; Inventory of buildings and urban interiors;
Photography and drone shots

Urban image analysis Study of spatial structure and composition; Analysis of view sequences

STRATEGIC AND OPERATIONAL BENEFITS OF IMPLEMENTATION FOR THE DEVELOPMENT OF
A SMALL HISTORIC CITY

Development area Benefits

Spatial planning Basis for updating planning regulations in a way that is compatible with
heritage protection; Greater resilience to planning error

Protection of cultural heritage Basis for register/listing of monuments; Conservation planning supported
by scientific analysis

Identity and social participation Building local identity around heritage

Crisis management and adaptation Better understanding of the city's structure = better prepared for disasters
and risks

Education and promotion Basis for educational projects, museum exhibitions or VR

Second stage

The second step of the research procedure involved constructing the author's set of
methods to evaluate space using three indicators: Morphology and Physiognomy Index (MPI),
Sustainable Development Index (SDI), and Urban Integration Index (UII) (Table 2).

Morphology and physiognomy index (MPI)

Urban morphology is the science that studies the shape, structure, and functions of cities,
analyzing the layout of streets, buildings, squares, and parks. It also deals with the processes of
their formation and the influence of history, culture, and society on their spatial development. It
aims to improve quality of life and adapt cities to changing needs [29], [30]. Urban morphology
is an interdisciplinary field of research that combines the perspectives of architects, urban
planners, and geographers. Its aim is to analyze and optimize urban forms in the context of urban
development. Special emphasis is placed on the cultural dimension of urban space, which
integrates the physical structure of the city with the functioning of the community.

In morphological studies, "urbanity" is defined by characteristics such as social diversity, spatial
proximity, and quality of the living environment. Therefore, urban space is not a neutral entity; it
is a reflection of the values, norms, and social identity that shape both its form and use [31].
Lynch and Wejchert [2], [22] emphasize the emotional importance of the structure of space for
the identification of inhabitants. These researchers have linked morphology to the concept of
sustainability, which can help combat environmental crises [32]. This is particularly relevant for
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localities experiencing socioeconomic stagnation, such as small peripheral cities with problems
of depopulation and spatial degradation.

The morphology and physiognomy index was calculated according to the method
presented by Szmytkie in the publication "Methods of analyzing the morphology and
physiognomy of settlement units" [33]. The author analyzed, in terms of morphology and
physiognomy, small cities and large villages in the Lower Silesian and Opole provinces (171
settlements). This group also includes cities located in the Middle Ages. The results obtained for
the three municipalities surveyed in the Subcarpathian region were compared to those obtained
by Szmytkie. The Morphology and Physiognomy Index (MPI) is a synthetic index that
quantitatively characterizes the morphology of a given locality. This is dependent on the four
subindices. These were the Built-up Index, Net Population Density Index, Graph Development
Index, and Built-up Compactness Index.

The Built-up Index characterizes the type of residential development and is calculated as
the number of dwellings divided by the number of residential buildings. The indicator may have
a minimum value of one when there are only single-family dwellings in a given locality. A higher
value indicates the presence of multifamily housing. The higher the value, the more multifamily
development. To calculate the development index, data on the number of residential buildings
were obtained from the city and municipal offices of the respective localities, the National Census
was used, and data on the number of dwellings in relation to the statistical localities were
contained in the Local Data Bank [34].

The Net Population Density Index illustrates the intensity of residential development in a
given locality. It was calculated as the ratio of the number of inhabitants to the area of residential
development. The minimum value of the indicator is found in sparsely populated settlement units,
and is high where there is a high concentration of population in areas with residential functions. To
calculate the indicator, data from the city and municipal offices and data from the Central Statistical
Office were used. The areas occupied by residential development were calculated using QGIS.

Another subindicator is the Graph Development Index. Graphs were first applied in the
study of transport networks by Kansky [35]. In Poland, an analysis of settlements presented in
the form of graphs was conducted by Zagozdzhon [36], who developed Kansky's method.
According to these theories, the spatial structure of a settlement unit can be reduced to a simplified
model, expressed in the form of a graph. Graphs can then be used to aid in parametric analysis of
the spatial layout of different types of settlement units. The graph development index indicates
the degree of complexity of a settlement’s form of development. The layout may be simple in
rural areas or have a significant degree of complexity of heterogonal layouts, as found in urban
areas. Physical elements of space, such as streets and built-up areas, are represented using a
formalized language. A street along which buildings occur is represented as an edge, whereas a
group of buildings or the top of street sections filled with buildings is represented as a node/point.
The rank of each node depends on the number of edges. In addition to nodes and edges, the shape
of a graph contains cycles, i.e., closed edge connections between vertices [33].

The Built-up Compactness Index (circularity index) describes how the layouts and
elements are located around the geometric center of the city. The highest index value is achieved
by cities whose layouts fill a circle. This property has been used for a long time in the history of
city planning, which is why in the Middle Ages the first cities and later cities were usually given
circular shapes, thus ensuring that the largest area was enclosed by the shortest possible line of
fortification. The building density index takes values from 0 to 1, with a value of 1 for the circular
shape. The area and perimeter of the built-up areas in the surveyed settlements were calculated
using the QGIS program based on orthophotos available on Geoportal.

After calculating the above four subindices for the studied small historic cities within their
current administrative boundaries, the value of the morphology and physiognomy index was
calculated, which expresses the degree of urbanization of the settlement unit in the morphological
aspect. High values (above 2) are found in settlements showing an urban character in morphology
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and physiognomy, while low values (below 1, close to zero) are found in units with a rural
character [15], [33].

Sustainable Development Index (SDI)

Another analytical tool of the second stage is the Sustainable Development Index (SDI),
which considers economic, social, environmental, and spatial aspects. Thanks to its application,
it is possible to compare the studied cities against the entire voivodeship, which makes it possible
to determine their development in a regional context [19].

Shaping sustainable development as a principle for stabilizing economic and social
phenomena in the context of the natural environment creates the need to consider spatial
transformation [37]. Spatial planning concerns both urban and rural environments as well as
naturally valuable areas, which are characteristic features of the Subcarpathian region [38]. The
quality of their development creates a direct correlation with environmental (nature and
ecosystem protection), social (e.g., quality of life and integration of inhabitants), and economic
(e.g., tourism) aspects. The linking of various aspects and their balance leads to a synergistic
effect in the form of sustainable development [39], [40].

Sustainable development is a complex process of change within a space that involves
numerous aspects and is expressed in terms of many specific characteristics. Its analysis is most
often performed using synthetic indicators, which allow a set of multiple measures to be replaced
by a single quantity. In this procedure, a sustainability indicator was calculated based on statistical
data showing its level in five areas: economic, social, environmental, institutional, and spatial.
Linking diverse aspects, particularly in the area of spatial policy. The spatial planning system, as
an important instrument in shaping sustainable development, was included in the calculation of
the synthetic indicator, which represents a new approach to this issue. The method used to
calculate the level of sustainable development takes into account the different development
conditions between municipalities and provides an opportunity to compare, analyze, and monitor
the achievement of its objectives in all territorial units of the voivodeship and small cities in their
background. The basis for the construction of the rankings was a set of specific indicators, which
comprehensively characterize the process of adjustment of individual municipalities in the
Subcarpathian region to the sustainable development paradigm [19].

The research was based on phenomena characterized by numerical data, which can testify
to the implementation of sustainable development goals. Data were obtained from the Central
Statistical Office [34] and selected based on an analysis of the literature on the subject. This
allowed the selection of metrics characterizing the five areas. The main criteria for their selection
were as follows: selection of the measure that best described the given phenomenon, variability
of the measure over time, and comparability in time and space in the form of relative measures,
such as percentage or number of inhabitants. In addition, the availability of data from publications
from the Central Statistical Office [41] was taken into account. Unfortunately, much of this
information was not available for the smallest territorial units, such as municipalities. Therefore,
the final selection of indicators was dictated by the availability and uniformity of the data for all
communes in the Subcarpathian region (urban, rural, and urban-rural).

Among the many procedures of the static method, the linear ordering method was chosen,
which is one of the methods used in multivariate comparative analysis [42]. It ranks objects in
order from best to worst. The ordering criterion is the level of the composite phenomenon, and
the final result is the ranking. To apply the linear ordering method, the variables that can be
stimulants and destimulants must be normalized [43]. The linear ordering of objects, that is, the
creation of their ranking, should be preceded by the selection of a suitable normalizing formula.
The best are those that give stable or almost stable ranges of values of the normalized variables.
Norming aims to standardize diagnostic characteristics expressed in different units of
measurement and varying numerical ranges.
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Urban Integration Index (UII)

A novel and original element of the methodology is the urban integration index (UII),
which assesses the degree of integration of the historic urban fabric with its contemporary spatial
and functional environment. This index has been used by the authors for more than a dozen cities
[15],[16], [17]. The index considers both physical and social aspects, allowing a detailed analysis
to be divided into elementary features that describe the spatial-functional structure.

Integrating urban structures is important both at the level of new developments and at the
level of conservation, revitalization, and transformation of existing historic structures. The
integrity of an area means that it belongs to the urban system and establishes a relationship with
the rest of the city [18]. The process of urban integration, in the context of urban planning and
development, involves integrating the spatial structure of the city by building links between other
areas of the urban fabric and strengthening the links that are particularly important for the
revitalization of urban space. A city that effectively integrates various elements is conducive to
enhancing the well-being of its inhabitants, strengthening social bonds, and achieving the
principles of sustainable development [44]. This is a particularly important issue for small historic
cities, where traditional, historical, and cultural aspects remain in symbiosis with the
contemporary culture of spatial design. Integration of historic urban layouts with the surrounding
environment is crucial, as it can adequately highlight and expose its unique character and position.

Zuziak [40], [45] states that integration is one of the most important processes initiated in a
city. He understood urban integration as a purposeful and desirable action that produces a synergistic
effect in response to the manifestations of the disintegration of urban structures, particularly visible
in Polish cities. Unfortunately, urban development plans tend to focus on single sites and/or strategic
projects with no or weak links between them, significantly limiting their potential to integrate and
achieve synergies in the process. Boelens [46] emphasized the necessity of reintegrating urban
structures but proposed a different point of view, from the outside to the inside, in contrast to the
traditional detail-to-general approach. This is a form of acknowledgment of the drive to seek
alternative and proactive methods for creating urban perspectives.

Valorization of the level of integration of the historic spatial system made use of qualitative
(often appropriate in urban planning and architecture) and quantitative research apparatus
(questionnaires and expert interviews). Qualitative analysis made it possible to determine the
strengths and weaknesses of an area and plan a transformation process to improve its quality
rationally. Qualitative assessments of the built environment play an important role not only in
improving the quality of life of residents but also in improving the quality of planning and design,
allowing the development of environmental knowledge and comparison between different areas.

After a literature study, research criteria were adopted to determine the level of integration,
which was oriented towards the physical features and functions of the historical area under study.
The level of urban integration was determined based on 7 categories: composition, architectural
aesthetics, public spaces, communication, natural elements, functions, and regulations. The
integration of these elements can create a coherent and harmonious environment in which both
culture and modernity exist [47]. The set of criteria created systematized how to determine the
level of spatial integration of all the small historic cities analyzed. The result is a matrix with
partial (28 in total) and main criteria influencing the level of integration of historic systems.

The assessment of the level of urban integration was also modeled on the procedure used
in the Landscape and Visual Impact Assessment (LVIA). LVIA is an informative procedure used
in land use planning and environmental management to assess how a proposed development or
spatial change will affect the character and appearance of the landscape and the views that are
characteristic of it. LVIA is particularly relevant when a proposed development affects areas of
high landscape value, such as national parks or areas of outstanding natural beauty or cultural
heritage. It is a standard procedure in many countries, including the United Kingdom [48].

Questionnaires and expert interviews were used to assess the specific features, which were
organized into seven thematic categories. Assessments were made using a four-level Likert scale,
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in which each attribute was assigned a point value ranging from 0 to 3. For each category, a partial
value of urban integration was calculated as the arithmetic mean. The final level of integration, that
is, the value of the Urban Integration Index (UII), is also the arithmetic mean calculated from all the
detailed characteristics included in each category and can take a value from 0 to 3 points.
Calculations were performed using an Excel spreadsheet. The advantage of this method is its simple
calculation procedure and easy interpretation of the results, which can become an asset when
involving the local community in the process of co-determining the surrounding environment.

The application of the three indicators of the second stage of the research procedure, i.e.,
the indicators of morphology and physiognomy, sustainable development, and urban integration,
constitutes a tool that enables a multidimensional approach to the assessment of spaces of
particular importance. They allow not only the diagnosis of their current state but also the
identification of potential transformation directions, supporting the pursuit of their protection,
sustainable development, and integration into contemporary urban structures (Table 2).

Table 2. Stage 2 of the research procedure: objectives, methods, and techniques applied at this stage, as well as strategic
and operational benefits of its implementation for the development of a historic small city.

MAIN OBJECTIVES
Diagnosis of spatial structure of settlement units - assessment of the degree of "urbanness" of a locality by analysing
the level of urbanisation, compactness of buildings, logic of spatial layout and preservation of historical urban
structures
Identification of potentials and deficits - classification of localities based on their morphology and physiognomy,
supporting revitalisation measures and strategies to counter depopulation
Benchmarking, that is, comparing the urban status of the analysed locality with others of a similar nature and status
Development of a single, comprehensive synthetic indicator to diagnose the level of sustainable development of a
municipality or a city
Assessment of territorial units in relation to each other and in relation to the province as a whole
Monitoring change over time and integrating different aspects of development: social, economic, environmental,
institutional, and spatial.

Diagnosis of the level of integration of historic urban structures with their contemporary surroundings
Assessment of spatial and functional coherence in the urban fabric - to what extent are heritage areas integrated into
current urban life?

Identification of areas in need of urban intervention - identification of which categories (e.g., aesthetics,
accessibility, functional diversity, communication, greenery) are weakest
Involving the local community in the assessment of the environment through a simple interpretive scale and
transparency of results
Strategic mapping for revitalisation, investment and protection measures
RESEARCH METHODS AND TECHNIQUES

Name of method/technique

Type of method/tool

Morphology and Physiognomy Index -
a quantitative-qualitative research tool
developed by Szmytkie to describe and
analyse the spatial structure of localities,
included in the author's set of procedures.

GIS analysis (QGIS, orthophotos); Topological analysis (Kansky
graphs); Statistical data; spatial visualization, Geometric modelling;
Spatial graph method (topology); Morphometric analysis

Sustainable Development Index - an
analytical tool that combines quantitative
(statistical) methods with
multidimensional comparative analysis
techniques

Multidimensional comparative analysis;
(ranking); Selection of diagnostic measures

Linear ordering method

Urban Integration Index - a synthetic,
wholly proprietary tool for assessing the
quality of urban space

Urban analysis; Contextual analysis; Aesthetic and compositional
assessment; Interviews and field observations, Criteria matrix;
Tabulation; Consultation with local specialists; Expert assessments;
Mapping of historic areas

STRATEGIC AND OPERATIONAL BENEFITS OF IMPLEMENTATION FOR THE DEVELOPMENT
OF A SMALL HISTORIC CITY

Development area

Benefits

Spatial planning

Optimisation of spatial layouts - better design of functional, compact
and socially inclusive urban structures
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Investment decision support - a tool to facilitate informed decision-
making and the preparation of justifications for applications for
external funding

Implementing smart growth principles - reducing sprawl by analysing
the compactness and functionality of urban layouts

Prioritisation of spatial measures - identification of areas in need of
intervention, e.g., areas with a low level of socio-spatial integration
More effective revitalization - actions become more targeted, strategic
and comprehensive rather than ad hoc or piecemeal

Data-driven development management - identification of the
municipality's strengths and weaknesses (e.g., poor environmental
quality, social problems) based on measurable indicators

Integrated spatial planning - the ability to combine spatial, social and
environmental data in planning documents

Creating development strategies - benchmarking and ranking of units
support the process of applying for external funding

Protecting resources and activating potential - planning that
simultaneously protects nature, improves quality of life and develops
tourism potential (e.g., in valuable landscape areas)

Combating spatial disintegration - eliminating incoherent, unconnected
development projects

Protection of cultural heritage Identification of valuable historic layouts - the high value of the WMF
indicates well-preserved urban structures, which justifies their
protection and adaptive use in revitalization.

Integrating heritage with contemporary challenges - protecting,
displaying and activating historical resources

Increase in the attractiveness of public spaces - a better-designed
environment promotes a positive perception of the city by both residents
and tourists

Identity and social participation Strengthening the inhabitants' identification with the space - the urban
structure shapes the sense of belonging and local identity, which is
crucial in the face of the depopulation of small cities

Social activation - a better understanding of local resources and
problems promotes greater involvement of residents and community
organizations.

Simple tools, greater involvement - transparency of methods and scale
of indicators facilitates participation of citizens and local authorities in
co-decision-making processes

Use in participation - indicators can be used in urban planning
workshops, citizen budgets and public consultations

Third stage

Preserving the architectural and urban heritage of small cities requires an interdisciplinary
approach that combines historical analysis, spatial modelling, and digital technologies (Table 3).
Contemporary approaches to architecture and urban planning focus on sustainable development
and the integration of modern urban functions while preserving cultural and historical assets. This
stage of the research procedure is based on three key pillars: urban structure modelling, digital
representations of heritage, and prediction of the development of urban structures.

As indicated in the Introduction, the third stage of research has not yet been the subject of
the author's previous analyses, which accounts for its innovative character in the research
approach presented here. Its assumptions are to become an integral element of the author's
multistage research procedure for the protection and development of small historic cities.
Awareness of the complexity of this issue highlights the need for further research that requires
multidisciplinary cooperation. Specialists in geoinformatics and digital technologies, experts in
geographic information systems (GIS) and building information modelling (BIM), and specialists
in laser scanning and photogrammetry play an irreplaceable role in this process. Researchers
working on virtual and augmented reality (VR/AR) solutions and digital twin specialists, whose
expertise enables precise mapping and analysis of historic urban fabric, can make important
contributions to the development of this concept. Collaboration between these communities will
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allow for comprehensive coverage of the issue and the development of innovative tools to support
the preservation and adaptation of historic urban areas.

Modelling of spatial structure

Contemporary urban models draw on classical theories such as Christopher Alexander's
concept of pattern language [49] and Kevin Lynch's theory of urban perception [21]. Both
emphasize the importance of spatial patterns and their perceptions in shaping the urban
environment. Technologies such as Geographic Information Systems (GIS) and Building
Information Modelling (BIM) enable integrated analysis and visualization of urban structures,
supporting planning and spatial management processes [50], [51]. Generative algorithms are also
increasingly being used, allowing the automatic creation of urban development scenarios and
simulation of potential changes in the spatial structure of cities [52], [53]. However,
contemporary approaches to modelling the physical structure of cities rarely consider the need to
adapt historical urban layouts to contemporary social and environmental challenges [54]. The
importance of the City Information Model (CIM), which provides a basis for building
semantically enriched models using data from public institutions, businesses, and local
communities, is growing [55].

The development of an iterative urban model that considers the evolution of historic urban
structures in the context of contemporary social, functional, and environmental challenges can
significantly support the preservation and sustainable development of these sensitive spaces. Such
amodel, based on generative algorithms, would allow for the flexible adaptation of traditional urban
layouts to new urban functions while respecting their cultural values and place identity. Digital
tools, such as photogrammetry, laser scanning, and 3D modeling, are widely used in the
documentation, protection, and reconstruction of cultural heritage [56]. They allow the creation of
accurate three-dimensional representations of historic buildings, which supports both conservation
efforts and the dissemination of knowledge about the past. In addition, augmented reality (AR) and
virtual reality (VR) technologies have opened up new possibilities for the presentation and
interpretation of historic spaces. They enable immersive and interactive experiences that enrich
research, design, and educational processes and facilitate a deeper understanding of the significance
of heritage for audiences outside the specialist community [57], [58].

Digital representations of heritage

A new trend in this field is dynamic digital twins (DT), virtual models of physical systems
updated in real time that allow changes in the urban environment to be monitored and analyzed
[55], [59], [60]. Although the use of digital twins in urban environments is still at an early stage
of development, advances in technology, the availability of spatial and non-spatial data, and the
global development of simulation technologies mean that increasingly complex and dynamic
systems, such as cities, can be reflected using digital twin technologies [54]. To date, DT
applications have focused mainly on the infrastructure of contemporary cities, neglecting the
specificity of historical systems. Approaches that combine digital documentation, spatial
analysis, and public participation are lacking [61]. Furthermore, the implementation of DT in
small historic cities can support the monitoring of site conditions, the planning of revitalization,
and the protection of cultural values.

The digital twin of the city integrates spatial (GIS, photogrammetry), technical,
environmental, and sociocultural data. This requires the sophisticated integration of large
amounts of data from different sources and structures. Examples from cities such as Amsterdam,
Rotterdam, and Vienna demonstrate the effectiveness of combining data from geodatabases,
sensors (IoT), BIM, and GIS. Updating the virtual model in line with changes in the physical
world brings the digital replica of a city closer to its real-world counterpart. Sensor data, 3D BIM
models, public institution databases, and geographic information systems (GIS) are only part of
a wider data ecosystem, the integration of which is crucial for DT to operate effectively. Different
data integration models are being developed, depending on the target use of DT to meet the needs
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of specific urban management scenarios. It is also necessary to consider the semantics of the data,
its structure, and its storage methods [55].

Anticipating the development of architectural and urban structures

The application of DTs in small historic cities would allow for a more precise prediction
of the impact of modernization, assessment of the risk of loss of historic values, and planning of
urban interventions in line with heritage conservation principles [62]. With the ability to model
change scenarios and monitor their impact on existing urban fabric, digital twins could become a
key tool to support sustainable management of cultural spaces [62].

Predictive models based on artificial intelligence and data analysis have been used to
forecast spatial changes, including the development of infrastructure and the impact of climate
change [63]. What is lacking are systems that combine the analysis of historical urban trends with
modern forecasting methods [64]. Current spatial development models rarely consider the impact
of heritage adaptation on long-term urban transformation processes. Social variables, in particular
the role of local communities in shaping the future of small cities, are also insufficiently analyzed.
In response to these shortcomings, the development of a comprehensive predictive model is called
for, which integrates the analysis of historical urban transformation with modern methods of
artificial intelligence. This model should take into account both tangible aspects, such as historical
structures, and intangible aspects, including space uses, cultural contexts, and social conditions.
The aim was to simulate the long-term effects of different strategies for the protection, adaptation,
and modernization of heritage in small cities (Table 3).

Table 3. Stage 3 of the research procedure: objectives, methods, and techniques applied at this stage, as well as strategic
and operational benefits of its implementation for the development of a historic small city.

MAIN OBJECTIVES

Documentation and protection of heritage - through digital mapping of objects and analysis of their technical
condition

Scenario-based regeneration planning - allowing the effects of different spatial development strategies to be tested

Simulation of spatial transformations - assessment of the impact of functional and demographic changes on urban
structure

Strengthening local identity and community participation - using narrative AR/VR technologies and mind maps

Optimising adaptation to climate change - through integration of environmental data and predictive models

RESEARCH METHODS AND TECHNIQUES

Type of method/tool Name of method/technique

Heritage documentation methods Photogrammetry and scanning; Heritage Building Information
Modelling (HBIM); AR/VR immersive tools for reconstruction and
education

Predictive and simulation methods Machine learning (ML) and Al predictive models - predicting

development scenarios; Digital twins as dynamic systems replicating
the behaviour and evolution of physical structures

Social methods Mapping the needs of local communities (qualitative research,
interviews, mental maps); Local narratives and participatory design
(story-mapping, urban ethnography); Integration of soft (social) data
with hard (spatial) data

STRATEGIC AND OPERATIONAL BENEFITS OF IMPLEMENTATION FOR THE DEVELOPMENT OF
A SMALL HISTORIC CITY

Development area Benefits

Spatial planning Decision-making based on simulations and data
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Integration of social and spatial functions: the needs of the elderly,
children or people with disabilities are more easily taken into account

Efficient allocation of regeneration budgets through scenario
optimisation

Protection of cultural heritage Non-destructive maintenance through accurate 3D models

Possibility of reconstructing monuments that cannot be physically
restored

Creating 'living archives' - dynamic, replenished models of heritage;

Comparative documentation to track changes in the structure of buildings
and, for example, their damage - allows the degradation of historic
elements of the urban space to be monitored over time, which is key to
their preservation

Documentation of damage to buildings resulting from activities within
the historic spatial system - through the use of photogrammetry and
photographs, it is possible to show the exact condition of buildings before
and after restoration or construction work was carried out

Identity and social participation Strengthening resident involvement through narrative digital tools
Education and inclusion - residents understand, co-create, and accept
change

Crisis management and adaptation Conservation of environmental and energy resources (e.g., optimization

of thermal retrofitting of historic urban buildings)

Addressing the effects of climate change - modelling runoff, air
circulation, shading, etc.

Development of green infrastructure (integrated natural data)

Artificial intelligence for automatic surveillance of monuments - Al
systems make it possible to detect activities that could lead to damage to
buildings, such as vandalism, by comparing the current appearance of the
fagade with a recorded pattern. This makes it possible to respond
immediately to threats, improving the protection of cultural heritage

3D models combined with Al for spatial analysis and threat monitoring
- combined with cameras and artificial intelligence

Education and promotion Acquisition of EU funds and research grants - innovative approach and
educational dimension

Possibility to export know-how to other small historic cities in the world

Conclusions

Small historic cities are currently facing the need to make informed decisions about their
future. This article presents an innovative multistage research methodology for assessing the
development potential of small historic cities with the aim of developing tools to support the
protection and sustainable development of architectural heritage. The proposed procedure
includes an analysis of historic space, and the first two stages were tested in medieval cities in
the Subcarpathian region.

The first stage covers the classical methods of architecture and urbanism, focusing on the
history of urban development. The second stage introduces three original indexes: Morphology
and Physiognomy (MPI), Sustainable Development (SDI), and Urban Integration (UII). The MPI
describes the spatial structure and the state of preservation of historic urban layouts. The SDI
considers economic, social, and spatial aspects, enabling a comparison of the cities studied in a
regional context. The UII assesses the degree of integration of the historic urban fabric with the
contemporary spatial and functional environment. The third stage, which is a novel element of
the methodology, is based on urban structure modelling, digital representations of heritage, and
the prediction of the development of urban structures. It aims to integrate these approaches to
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protect and adapt historic structures of small cities to contemporary needs, using advanced digital
technologies for documentation and analysis.

The presented research concept on protecting the architectural and urban heritage of small
historic cities fits both the Smart City concept and the regional smart specifications of the
Subcarpathian region. The use of modern technologies, such as GIS systems, BIM modeling,
laser scanning, photogrammetry, virtual and augmented reality (VR/AR), and digital twins,
enables precise documentation and analysis of the urban structure, which supports smart
management of urban space. An interdisciplinary approach to the revitalization of historic areas,
integrating the traditional urban fabric with modern functions, responds to the contemporary
challenges of sustainable development. Furthermore, the use of artificial intelligence and the
analysis of large datasets make it possible to forecast urban change and assess its impact on the
preservation of the historic coherence of cities. An important aspect is the possibility of linking
this topic to smart specialization in the Subcarpathian region. It is also worth highlighting the
social dimension of the Smart City concept: interactive 3D models and digital twins can involve
residents in planning processes, enabling them to participate in decisions about the future of their
cities. Additionally, the development of green technologies, such as smart monitoring systems
for historic buildings, could further strengthen the concept in the context of regional policies and
smart city strategies.

The city is not a static structure but a dynamic organism in which historical urban layers
intermingle with contemporary transformations, and decisions made today affect its future shape.
In an approach that considers a city as a living system subject to self-regulating mechanisms, it
remains crucial to extend this perspective to include cultural factors. This is because they
influence not only spatial policy and administrative decisions but also the individual choices of
city users and investors. Taking these interrelationships into account in the planning and heritage
conservation process allows for more informed urban strategies that combine respect for the past
with openness to the future needs of a city and its inhabitants.

Although the developed methodology offers a comprehensive approach to the assessment
and conservation of architectural heritage in small historic cities, it requires further empirical
verification, particularly in terms of digital modeling and urban structure prediction. Integration
of advanced digital technologies with traditional research methods offers new opportunities for
heritage management; however, multidisciplinary collaboration between experts in urban
planning, historic preservation, geoinformatics, and artificial intelligence is essential for its
successful implementation.
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