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Abstract 

Urban decay and urban vitality are widely used concepts in architecture and urban studies to 
describe the negative and positive characteristics of urban environments. However, they are 
commonly addressed through qualitative or static approaches, limiting their applicability in 
neighborhood-scale spatial assessment and design-oriented decision-making processes. This study 
proposes a matrix-based cellular automata model for analyzing urban decay and urban vitality 
indicators at the neighborhood scale. Indicators related to urban decay and urban vitality were 
identified through a comprehensive literature review, and repetitive, overlapping, and context-
inappropriate criteria were removed. A data-based decision matrix was then constructed using five 
criteria: theoretical validity, data accessibility, spatial applicability, model compatibility, and impact 
level. Indicators were scored on a 1–5 scale, and those with a total suitability score of four or higher 
were selected as model inputs. The finalized indicator set was incorporated into a cellular automata 
model with a regular grid structure, defined for a study area of approximately 600 m × 600 m in the 
Semsi Tebrizi neighborhood of Konya, Turkey, using 15 m × 15 m cells. The model is not intended as 
a predictive tool but functions as an indicator-based decision-support framework for pre-design 
spatial analysis and interpretation. 

Keywords: urban decay; urban vitality; cellular automata; indicator-based analysis; matrix-based 
modeling; neighborhood-scale analysis 
 

1. Introduction 

Urban decay areas are defined as spaces where physical and social deterioration coexist, 
accompanied by multidimensional problems such as economic decline [1]. Interventions in these 
areas are carried out under the broader concept of urban regeneration through various approaches, 
including renewal, rehabilitation, conservation, revitalization, redevelopment, restructuring, 
improvement, and infill development [2]. However, these approaches, long employed in the 
literature, have largely been shaped by qualitative definitions and planning practices. The 
identification of areas requiring intervention, the selection of intervention types, and the 
determination of implementation methods are generally addressed within institutional decision-
making processes, highlighting the need for objective and comparable evaluation criteria. 

With increasing access to data and advancements in spatial information technologies, urban 
problems can now be examined through computational design and modeling tools [3]. In this context, 
it has become important not only to analyze existing decay areas but also to identify decay tendencies 
and risk potentials through quantitative data. Indeed, a recent study examining urban decay and its 
impacts through cognitive mapping suggests the development of systems capable of measuring real-
time deterioration indicators in urban neighborhoods and mitigating such decline as a key direction 
for future research [4].  
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Within this context, urban regeneration practices implemented in informal settlement areas, 
along with the formation processes and socio-economic transformations of these areas, have been 
extensively addressed in the literature and continue to be examined. In contrast, studies focusing on 
decay areas located in city centers within the Turkish context remain limited. Existing research 
predominantly concentrates on parcel- or building-scale analyses, while comprehensive spatial 
evaluations at the neighborhood scale are relatively scarce. Moreover, it has been argued that public 
authorities often define and address decay areas in city centers primarily through physical 
construction problems [5]. This approach makes it difficult to assess decay areas in terms of their 
social, economic, and spatial dimensions and may delay the early identification of emerging problems 
as well as the development of preventive interventions for areas at risk of decline. 

This study addresses the limited approaches in the literature concerning how urban decay can 
be quantified and how such quantification can be integrated into spatial analysis processes. Today, 
not only structural deterioration but also spatial and social decline has emerged as a critical urban 
issue. These areas are characterized not only by physical degradation but also by weakened urban 
vitality and reduced social interaction [6]. However, the concept of urban vitality is generally defined 
through densely populated, central, and active areas, and its inverse relationship with decay areas 
has received limited attention. This gap indicates both a theoretical and methodological deficiency. 
Although Cellular Automata (CA), as a computational design tool, has been widely used to examine 
urban change patterns, existing studies mainly focus on measurable parameters such as physical 
transformation and land use [7]. Research that holistically incorporates human-centered socio-
cultural parameters within the framework of urban vitality remains limited. Accordingly, this study 
aims to construct a parameter matrix based on socio-cultural, physical, and economic data derived 
from the intersection of urban vitality and regionalism approaches, and to develop a neighborhood-
scale Cellular Automata model based on this matrix. 

The primary objective of this study is to develop an evaluation system that analyzes urban decay 
not only in terms of physical deterioration but also through the intersection of urban vitality and 
regionalism approaches, adopting a human-centered perspective encompassing economic, social, 
physical, and cultural dimensions. To this end, indicators identified through a literature review were 
quantified using a decision matrix and integrated into a Cellular Automata (CA) model. 

The proposed approach provides an indicator-based decision-support framework that enables 
the analysis of spatial patterns of urban decay and potential risk areas at the neighborhood scale prior 
to design and planning processes. In this respect, the study aims to contribute to data-driven, 
measurable, and context-sensitive evaluations in urban regeneration and intervention practices. 

2. Literature Review 

The concepts of urban decay and urban vitality represent two opposing yet complementary 
dimensions of urban space. Urban decay is generally defined through negative processes such as 
physical deterioration, economic decline, and social disintegration, whereas urban vitality focuses on 
positive attributes including intensity of use, level of social interaction, and continuity of public life. 
Although these two concepts are often addressed under separate headings in the literature, the 
reciprocal relationship between decay processes and the weakening of vitality has been discussed 
only to a limited extent. 

However, urban decay areas are not merely spaces characterized by physical deterioration; they 
also emerge as environments where urban vitality declines and social interaction weakens. Similarly, 
reductions in vitality indicators can often be interpreted as early signs of emerging decay processes. 
For this reason, addressing urban decay and urban vitality together enables a more comprehensive 
understanding of urban problems, encompassing not only their outcomes but also the spatial and 
social dynamics that give rise to them. 
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2.1. Urban Decay and Urban Vitality in Urban Studies 

While cities continuously and independently renew themselves Lefebvre [8], societies, spaces, 
regions, and even entire cities that fail to regenerate become focal points of decline. Although the 
concept of “urban decay” is often perceived primarily as physical deterioration and the formation of 
obsolete spaces, it fundamentally reflects a socio-economic condition [9]. In rapidly growing cities, 
new developments often conceal impoverished, neglected, and disorderly areas. These areas, which 
urban residents tend to avoid and gradually attempt to eliminate, are defined as “urban decay” [4,10]. 
Urban decay refers to spaces that undergo morphological transformation as a result of losing their 
functions and negatively affecting urban identity [5]. Problems arising from poor planning at the 
neighborhood or district scale, as well as voids created by various other factors, are defined as urban 
voids [11]. Areas that become vacant and lose their economic vitality often turn into abandoned and 
distressed environments. These spaces are typically occupied by low-income residents or migrants 
seeking affordable housing [4]. Urban vacancy has become one of the most prevalent urban issues 
today, affecting cities and specific neighborhoods differently depending on local conditions [12]. 
Doron [13] argues that urban voids are never truly empty; rather, they possess historical layers, are 
used by different groups, and exist as suspended spaces. 

Over time, vandalism in such areas may increase crime rates and erode social cohesion [14]. 
According to the “broken windows” theory, visible disorder in public space may contribute to more 
serious crimes and deepen urban decline [15]. Urban decay thus encompasses multidimensional 
processes involving social, economic, and physical regression [16]. 

Urban decay thus encompasses multidimensional processes involving social, economic, and 
physical regression [17,18]. Slums are typically characterized by physically deteriorated 
environments, high population density, and social isolation [19]. The concept of the ghetto intersects 
social and spatial exclusion and was first defined by sociologist Louis Wirth [20], who emphasized 
the distinct social life of marginalized communities. In contrast, suburbs emerged as planned 
responses to rapid industrial urbanization, often shaped by state policies [21].  

Although these concepts reflect forms of socio-spatial segregation, they differ from one another. 
Urban decay areas are distinct from slums that emerge as a result of urban housing shortages [22]. 
Residents of urban decay areas often live primarily for survival, without expectations of full 
integration into the broader urban system. In contrast, slum areas have been described as places 
where hope begins. Individuals migrating from rural to urban areas often do so in pursuit of better 
opportunities in health, education, and employment, striving to improve their living conditions [21]. 
Nevertheless, slums and decay areas share adverse living conditions, such as poor building quality 
and aesthetics, inadequate infrastructure, insufficient public amenities (parks, schools, hospitals), and 
social isolation from the broader urban context. Residents of these areas frequently experience 
economic, social, cultural, political, and spatial exclusion. Factors such as youth, low educational 
attainment, migrant status, prolonged unemployment, lack of social security, and economic 
insecurity intensify feelings of exclusion. When such characteristics become concentrated within a 
neighborhood, a broader sense of marginalization may emerge, often accompanied by deepening 
poverty processes [23].  

As urbanization accelerates globally, housing shortages continue to grow, triggering socio-
spatial segregation [22]. Ghettos are characterized by distinctive social structures formed through 
ethnic, political, or religious exclusion. Slums result from rapid internal migration and informal 
construction, whereas suburbs emerge as planned residential areas, often shaped by state policies 
and post-colonial migration processes [21,24]. Unlike ghettos and suburbs, slums are distinguished 
by residents’ efforts to claim permanence and gradually improve their living conditions [21]. Thus, 
slums denote unplanned and necessity-driven settlements, ghettos reflect exclusion-based spatial 
segregation, and suburbs represent voluntary or policy-driven separation. In such areas, processes 
such as population decline, building aging, and housing inadequacy may lead to urban decay [25]. 
As residents relocate from historic city centers to areas offering better living conditions, central 
housing stock may become vacant, leading to physical deterioration, functional decline, and value 
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loss. Urban decay consequently results in declining property values, unemployment, crime, and 
security concerns, ultimately exerting negative long-term impacts on national economies [4,26].  

Arabacıoğlu and Yılmaz [27] argue that when the unique identity and urban fabric of a city 
cannot be preserved, decay areas undergo physical deterioration, become obsolete, and are 
eventually forgotten. Decay areas may arise at building, regional, or urban scales and evolve through 
layered stages of existence, impact, collapse, abandonment, and eventual transformation [9]. Işıkkaya 
emphasizes that three stages—stagnation, obsolescence, and aging—must sequentially occur for an 
area to be considered a decay zone. Political and economic crises further intensify these processes, 
while legal interventions often remain insufficient to fully resolve them. Aytaç [28] conceptualizes 
the formation of decay areas through four stages: physical aging, deterioration, obsolescence, and 
ultimately urban regeneration. 

Although individual studies emphasize different variables, most approaches converge on the 
notion that economic and functional weakening precede physical and social deterioration. Some 
decay areas may eventually enter a revitalization phase. As illustrated in Figure 1, decay areas emerge 
through identifiable stages and may develop at structural, regional, or urban scales. Initially, the 
physical form and social processes interact dynamically; however, as this interaction weakens, 
stagnation occurs. Over time, changing social, economic, and physical conditions lead to building 
aging and population decline, marking the obsolescence stage. With further deterioration of the 
physical environment and disintegration of the social fabric, the area enters collapse and eventual 
abandonment. Urban regeneration may reintegrate such areas into the city, breaking the cycle of 
decline and fostering renewed social cohesion and sense of place [29].  

 

Figure 1. The formation process of decay areas. 

Urban vitality holds critical importance for urban life. The health, social, economic, and 
environmental values of a place collectively reflect its overall quality. Vitality, beginning at the street 
scale, directly influences urban quality of life [30]. Jacobs [31] argued that isolated and lifeless urban 
spaces devoid of human presence were being produced and introduced the concept of “eyes on the 
street” in The Death and Life of Great American Cities as a sociological framework. She defined urban 
vitality as the diversity of activities and intensity of human presence in specific spaces such as streets 
and sidewalks. By emphasizing sidewalks as the primary elements of urban life, Jacobs suggested 
that pedestrian activity and visual surveillance from building windows contribute to street safety. 
She maintained that a vibrant and well-functioning city requires density (of people and buildings), 
diversity (a mix of old and new buildings and mixed uses), interaction, and permeability [31]. In large 
urban areas, promoting diversity, improving accessibility, and minimizing spatial voids are essential 
to encourage pedestrian activity and foster safe, high-quality built environments. 

Lynch, in Good City Form, identified vitality as one of five fundamental dimensions of a good 
city, alongside sense, fit, access, and control. He considered vitality a primary condition for sustaining 
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quality of life, relating it to the extent to which urban environments support human needs and 
capabilities. A safe environment enables diverse activities and enhances overall well-being [32]. Maas 
[33] conceptualized urban vitality through three components: people in public space, their activities, 
and the physical environment in which these activities occur. He associated vitality with diversity, 
uniqueness, social interaction, and the scale and diversity of pedestrian populations. Montgomery 
[34] argued that urban vitality emerges from the interaction between people’s activities and the 
diversity of urban functions, forming the foundation for sustainable and safe cities. Gehl [35] 
emphasized that social activities in public space positively influence urban environments, defining 
vitality as the presence of everyday street life. Jin [36] demonstrated a strong relationship between 
urban morphology and vitality through spatial regression analysis. More recently, Paköz and Işık 
[37] examined the relationship between vitality, healthy environments, and density during the 
COVID-19 period, highlighting the importance of functional diversity. Eloah et al. [38] suggested that 
urban vitality can be analyzed computationally in relation to place quality and urban morphology. 

Urban vitality is examined in some studies under three main dimensions—social, economic, and 
cultural—while others also include environmental vitality. Rapidly growing cities and increasingly 
complex urban structures demonstrate that urban vitality is influenced not only by physical 
environmental factors but also by social and cultural dynamics. For this reason, urban vitality is 
currently regarded as an abstract yet complex concept encompassing multiple dimensions, including 
social, economic, and cultural components [39]. Creating vitality in urban areas contributes to 
improving residents’ quality of life and promoting sustainable urban development. Accordingly, 
urban vitality holds significant importance for urban planning, development, and governance. It has 
been widely studied across disciplines such as urban studies, geography, sociology (human–space 
interactions, street life, and social dynamics), urban planning, economics, culture, and ecology 
[40,41]. This multidisciplinarity underscores the complexity of measuring urban vitality. Diverse 
human activities occurring at different times shape urban functions, which in turn sustain the 
dynamic character of urban areas and support their progression. The formation of a vibrant urban 
environment depends on well-designed urban morphology, appropriately developed urban 
functions that respond to residents’ needs, and a variety of opportunities that encourage active 
participation [40].  

The disappearance of factors that sustain urban vitality may create conditions conducive to 
urban decay. Within the scope of this study, the urban vitality literature suggests that decay areas are 
closely associated with very low levels of vitality. While vitality reflects dynamism and activity 
within an area, it simultaneously reveals degrees of stagnation and inactivity. Due to its abstract 
nature, measuring urban vitality remains challenging. Indicators of vitality reflect whether an area 
can be considered “vibrant” based on the interaction among various urban components. Ensuring 
vitality therefore requires spatially operationalizable parameters. In this context, recent analytical 
approaches in urban vitality research have been examined. The measurement criteria, applied 
methods, case study contexts, and scales of analysis used in each study were systematically classified. 
This process clarifies how measurable vitality indicators have been operationalized and provides the 
analytical foundation for the decision matrix developed in this research. 

Jacobs and Montgomery identified key built environment characteristics influencing urban 
vitality, including mixed land use, building density, small block sizes, and intersection density [31]. 
Beyond these earlier criteria, recent studies demonstrate that vitality measurement indicators have 
diversified and vary according to scale. Following Warnke’s [42] area-based study, vitality 
assessments have been conducted at multiple scales—from city-wide analyses to neighborhood-level 
investigations—highlighting the increasing importance of scale-sensitive approaches in vitality 
research. 

2.2. Indicator-Based Approaches for Urban Analysis 

As presented in Table 1, a comprehensive review of recent case studies was conducted to identify 
approaches addressing urban decay, urban vitality, and contemporary analytical methods. As a 
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result of this screening process, 21 urban vitality studies were selected and examined in detail. The 
studies were classified according to the criteria employed, the methods applied, and the scale of 
analysis. Most of the reviewed studies utilized measurement criteria aimed at identifying the 
relationship between urban form and urban vitality. These criteria were applied in various case 
studies using different methodological approaches. Numerous studies have demonstrated the 
connections between urban vitality and functional structure, urban morphology, population density, 
and economic characteristics. The findings emphasize that distance, accessibility, density, building 
typology, and diversity constitute key spatial variables influencing urban vitality [36,39,40,43–49].  

Table 1. Overview of methodological fragmentation in urban decay and vitality studies. 

Criteria Considered Method Scale 
Physical, Social   Spatial data analysis City 

Physical, Economic Space Syntax Neighborhood 
Physical Fuzzy evaluation algorithm Region 

Physical, Cultural, Economic BPNN (Backpropagation 
Neural Network) 

City 

Physical, Cultural, Economic MGWR Analysis Street 
Physical Deep learning Neighborhood 

Physical, Economic 
Learning Machine (RF, 

GBRT, SML) City 

Indicator-based approaches in the evaluation of urban areas are addressed through various 
methods, including index-based assessments, multi-criteria decision-making techniques, spatial data 
analyses, deep learning, and machine learning. While these approaches contribute to the 
quantification of urban phenomena, they often produce static evaluations and address the spatial 
interactions among indicators only to a limited extent. Moreover, in many of these studies, where 
physical indicators tend to dominate, the holistic integration of social and cultural dimensions into 
the modeling process remains limited. At the neighborhood scale, however, local socio-economic, 
physical, and cultural conditions play a decisive role in shaping urban processes. The literature 
emphasizes the importance of considering criteria such as data availability, spatial applicability, and 
contextual relevance in the selection of indicators [47,50]. In this context, the indicators derived from 
the literature in this study were evaluated through a context-sensitive approach. Criteria that were 
not suitable for the research area, could not be spatially represented, or were incompatible with the 
model structure were eliminated to establish the final set of parameters. This process aimed to enable 
meaningful and comparable spatial analyses at the neighborhood scale. 

3. Methodology 

During the selection process of parameters to be used in the Cellular Automata model, a 
literature-based decision matrix was developed. This matrix enabled the systematic identification of 
variables to be integrated into the model. Since urban decay and urban vitality processes are 
governed by different dynamics, the criteria were evaluated through two separate decision matrices 
within the scope of this study. 

As illustrated in Figure 2, urban decay and urban vitality criteria identified in the literature were 
first grouped into four categories and analyzed according to their frequency of occurrence. The most 
frequently cited criteria were then listed. However, it was anticipated that a selection approach based 
solely on frequency would not sufficiently address the spatial requirements of the model. Therefore, 
the identified criteria were further evaluated using a decision matrix method based on five 
assessment criteria: theoretical validity, data accessibility, spatial applicability, model compatibility, 
and impact level. Frequency of occurrence in the literature was incorporated into the matrix under 
the criterion of theoretical validity. In this way, indicators demonstrating both strong representation 
in the literature and high compatibility with the Cellular Automata framework were selected as 
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model parameters. As a result of the evaluation based on these five criteria, a final set of high-scoring 
indicators was established. This final set defines the parameters to be used in the Cellular Automata 
model.  

 
Figure 2. Parameter determination process. 

3.1. Literature-Based Indicator Identification 

Urban decay within the scope of the literature review, the frequency with which each criterion 
was repeated in each study was analyzed, and the most frequently used parameters were determined 
based on transition frequency. In this context, 20 studies conducted on decay areas in the literature 
were examined, and according to the analysis: 

• Poor physical order and facade quality was the most common parameter, appearing in 18 
different sources. This parameter refers to elements such as abandoned buildings, facade 
deterioration, and lack of maintenance in the physical category.  

• Deterioration in quality of life was mentioned in 14 different sources. This parameter, in the 
social category, refers to a decrease in urban satisfaction and an increase in the tendency of the 
people living in the area to move away from the area.  

• Low public space ratio and poverty were mentioned in 13 different sources. Low public space 
ratio is in the physical category; it shows the importance of spatial planning. The poverty 
parameter is in the economic category; it also indicates that there are many households receiving 
social assistance due to the low income level of the people in the region.  

• Unemployment rate, lack of social interaction (social segregation/exclusion), building 
maintenance status, low housing value, crime rate and security issues, loss of place identity or 
cultural alienation, high emigration (migration), and low level of social solidarity 
(neighborhood) parameters were evaluated as priority criteria, appearing 8-12 times in different 
sources. 

• The decline in industrial employment rates and the neighborhood-segregating effect of 
transportation infrastructure (railway lines, etc.) are the least recurring criteria, appearing in 
only four different sources. Upon examination, these criteria are found in the literature 
depending on the region where the fieldwork was conducted. 

As a result of this analysis, an objective analysis was performed based on the level of acceptance 
in the literature, rather than just the validity of the parameters to be used in the model. As a result, 
Table 2 brings together the reasons emphasized by different studies under these four categories, 
showing that the urban decay approach is a holistic process formed at the intersection of economic, 
social, physical, and cultural factors. 
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Table 2. Frequency of Parameter Occurrence in Urban Decay Literature (n = 20). 

Category Indicator Frequency 
Economic Poverty 13 
Economic Unemployment Rate 12 
Economic Decline in industrial employment rate 4 
Economic Low housing value 9 
Social Lack of Social Interaction (Social 

Segregation/Exclusion) 
10 

Social Crime rate/Security issues 9 
Social High external migration (Migration) 8 
Social Deterioration in quality of life 14 
Physical Low ratio of public space 13 
Physical Building maintenance status 10 
Physical Poor physical order and facade quality 18 
Physical Transport infrastructure's effect of 

dividing neighborhoods (railway lines, 
etc.) 

4 

Cultiral Loss of place identity or cultural 
alienation 

9 

Cultiral Low level of social solidarity 
(neighborhood)  

8 

* [4,5,10,11,15,18,19,25–27,51–60]. 

Recent case studies have been limited to a detailed screening aimed at identifying urban decay, 
urban vitality, and current methods, and 21 urban vitality studies related to the subject have been 
identified and examined. The urban vitality measurement criteria used in the studies were analyzed 
and classified according to the research methods and scale. Of the 21 studies, 6 were examined at the 
city scale, 4 at the regional scale, 3 at the historic district scale, 4 at the neighborhood scale, 3 at the 
street scale, and 1 at the block scale. The studies generally used measurement criteria aimed at 
determining the relationship between urban form and urban vitality. These criteria were applied in 
case studies using different methods. The link between urban vitality and function, morphology, 
population density, and different aspects of the economy was revealed in many studies. Research 
emphasizes that distance, accessibility, density, building typology, and diversity are important 
spatial variables that determine urban vitality [36,39,40,43–49]. 

The frequency with which the measurement criteria identified in the detailed literature review 
on urban vitality are used to demonstrate their importance in the concept of vitality is shown in Table 
3. [61] were not included in the evaluation because their review study contained conceptual 
explanations, and the evaluation was based on 20 studies. According to this analysis: 

• Land use diversity was the most common parameter, appearing in 12 different sources. This 
parameter, in the physical category, refers to the diversity in the spatial distribution of different 
types of use in an area, such as residential, commercial, public space, industrial, etc.  

• Commercial density and quality appeared in 11 different sources. This parameter, in the 
economic category, refers to commercial spaces, and quality can be measured by the number of 
stores, ratings, and user reviews.  

• POI (point of interest) density is found in 10 different sources. This parameter refers to the 
density of service, commercial, and recreational areas in a region.  
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• The parameters of activity intensity in the economic category, activity intensity in the social 
category, and target accessibility (walkability) in the physical category are included in 9 different 
sources. In addition, the parameters of building density, building size diversity, road density, 
public transport accessibility in the physical category, and cultural facility density/diversity in 
the cultural category are evaluated as priority criteria as they are found in 8 different sources. 

• Real estate values/housing prices, street usage behaviors, population characteristics, building 
age diversity, active facades and permeability, distance from boundary gaps, cultural activity 
density, and cultural symbols parameters appear in 1-5 sources and are the least recurring 
criteria. When these criteria are examined, they are found in the literature depending on the area 
where the fieldwork was conducted. 

Table 3. Frequency of Parameter Occurrence in Urban Vitality Literature (n = 20). 

Category Indicator Frequency 
Economic Commercial density and quality 11 

Economic Activity density 9 
Economic Property values/Housing prices 2 
Social Activity density 9 
Social Street use behaviors 3 
Social Population characteristics 4 
Physical Building density 8 
Physical POI (Point of Interest) density 10 
Physical Land use diversity-function 12 
Physical Building age diversity 3 
Physical Building size diversity 8 
Physical Active facades and permeability 1 
Physical Road density 8 
Physical Public transportation accessibility 8 
Physical Destination accessibility (walkability) 9 
Physical Distance from boundary gaps 2 
Cultiral Cultural facility density, diversity 8 
Cultiral Cultural activity density 5 
Cultiral Cultural symbols 1 

* [36,38,39,41,44–49,62–71]. 

3.2. Construction of the Decision Matrix 

This study determines the parameters using a multi-criteria evaluation method based on five 
criteria [72]. The five criteria used to determine the criteria in the decision matrix were obtained from 
both literature and application-based studies. A systematic evaluation was conducted regarding the 
literature validity of the criteria [4,59] data accessibility, and suitability for the modeling process 
[47,50]. 

1.Theoretical validity indicates how valid the criteria are in the urban decay and urban vitality 
literature. Concepts with high scores have a strong recognition in the literature. The scoring of this 
criterion was obtained from an analysis of frequency of occurrence in the literature.  

2. Data accessibility relates to the availability of data for the criterion and the reliability of the 
data. Data obtained from sources such as municipalities, TÜİK, or open data sources are highly rated.  

3. Spatial applicability refers to whether the criteria can be modeled or analyzed at the cellular 
level. Data that can be converted into a cell or grid format has high applicability.  
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4. Model fit indicates the extent to which the criteria can be integrated into the Cellular Automata 
model. Variables determining cell state have high scores. 

5. Impact level indicates the criterion's power to determine the urban decay and urban vitality 
process. Criteria that directly affect (trigger or slow down) decay and vitality have a high impact 
level. 

The five different evaluation criteria used in the decision matrix are evaluated on a scale of 1 to 
5, where 1 is weak and 5 is strong. When making the evaluation, the limits of the score ranges were 
determined based on the literature and are shown in Table 4. Each criterion is scored according to 
these limits, increasing the objectivity of the decision matrix. In this context, urban decay and urban 
vitality decision matrices have been prepared. 

Table 4. Decision matrix criteria evaluation guide. 

Criterion Description Scale (1-5) 
Theoretical Validity Frequency of occurrence in 

literature 
1 = low frequency, 5 = high 
frequency 

Data Accessibility Availability and reliability of 
data 

1 = no data, 5 = directly 
measurable 

Spatial Feasibility Suitability for grid-based 
spatial modeling 

1 = not spatially measurable, 5 
= directly grid-compatible 

Model Compatibility Relevance to CA transition 
rules 

1 = weak relation, 5 = directly 
linked 

Impact Level Strength of influence on 
decay/vitality processes 

1 = negligible, 5 = determinant 

The urban decay and urban vitality decision matrix; as shown in Table 5, a scale of 1-5 points 
was applied based on five criteria—theoretical validity, data accessibility, spatial adaptability, model 
fit, and impact level—to be used in parameter selection, and importance weights (Wi) were 
calculated. The total score was obtained using the weighted sum method, commonly used in multi-
criteria evaluation, according to the formula below [72]. 

𝑆𝑆 =  �𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊
5

𝑖𝑖=1

 

                                       Wi= pi/Σpi 
Accordingly; 
S = Total suitability score of the parameter 
Wi = Importance weight assigned to the i^(th) criterion 
Xi = Scaled score obtained by the parameter from the i^(th) criterion (1–5) 
n = Number of criteria (n=5) 
pi= Importance score 
The total suitability score of a parameter represents the numerical equivalent of the indicator's 

importance and level of fit with the model. This approach has made the relative importance and level 
of fit with the model of each indicator numerically comparable. Thus, the importance level of the 
parameters has been made comparable.  

After evaluation, parameters with a total suitability score of 4 or higher were accepted as 
parameters that would contribute to the cellular automata model and were included in the analysis 
model. Accordingly, in the urban decay matrix, the parameters are ranked in order of importance as 
follows: S2- crime rate/security issues, F1- low public space ratio, F3- low physical order and facade 
quality, F4- the neighborhood-separating effect of transportation infrastructure (railway lines, etc.), 
and F2- building maintenance status. When examining the urban vitality matrix, the order of 
importance is F3-Land use diversity-function, E1-Commercial density and quality, S1-Activity 
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density, F6-Active facades and permeability, F9-Target accessibility (walkability), F2-POI (Point of 
Interest) density, F1-Building density, and K1-Cultural facility density and diversity. Thus, a total of 
13 parameters were selected: 5 negative (depression) and 8 positive (vitality) parameters. These 
parameters are categorized as 1 economic, 2 social, 9 physical, and 1 cultural. 

Table 5. Final Indicator Set Based on Decision Matrix Evaluation. 

Indicator Category Decay Score Vitality 
Score 

Selected 

Poverty Economic 3,625 - no 
Unemployment Rate Economic 3,705 - no 
Decline in industrial employment 
rate 

Economic 
2,818 

- no 

Low housing value Economic 3,947 - no 
Lack of Social Interaction (Social 
Segregation/Exclusion) 

Social 
2,818 

- no 

Crime rate/Security issues Social 4,739 - yes 
High external migration 
(Migration) 

Social 
3,133 

- no 

Deterioration in quality of life Social 3,947 - no 
Low ratio of public space Physical 4,454 - yes 
Building maintenance status Physical 4,052 - yes 
Poor physical order and facade 
quality 

Physical 
4,428 

- yes 

Transport infrastructure's effect of 
dividing neighborhoods (railway 
lines, etc.) 

Physical 

4,111 

- yes 

Loss of place identity or cultural 
alienation 

Cultural 
3,133 

- no 

Low level of social solidarity 
(neighborhood)  

Cultural 
2,818 

- no 

Commercial density and quality Economic - 4,545 yes 
Activity density Economic - 3,947 no 
Property values/Housing prices Economic - 3,4 no 
Activity density Social - 4,428 yes 
Street usage behaviors Social - 3,142 no 
Population characteristics Social - 2,846 no 
Building density Physical - 4,052 yes 
POI (Point of Interest) density Physical - 4,1 yes 
Land use diversity-function Physical - 4,739 yes 
Building age diversity Physical - 3,142 no 
Building size diversity Physical - 3,705 no 
Active facades and permeability Physical - 4,222 yes 
Road density Physical - 3,705 no 
Public transportation accessibility Physical - 3,888 no 
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Destination accessibility 
(walkability) 

Physical - 
4,2 

yes 

Distance from boundary gaps Physical - 3,75 no 
Cultural facility density, diversity Cultural - 4,052 yes 
Cultural activity density Cultural - 3,588 no 
Cultural symbols Cultural - 2,2 no 

Based on the urban decay literature, 5 out of 14 criteria were identified; based on the urban 
vitality literature, 8 out of 19 criteria were identified through decision matrices and integrated into 
the Cellular Automata (CA) model. In this context, the final set of criteria to be transferred to the CA 
model has been prepared and is shown in Table 6.  

Accordingly; 
The crime rate/security issue parameter is a critical indicator in terms of the causes of decline 

and its spatial reflection, as it has the highest total score [26]. This parameter was evaluated by 
examining official crime records, spatial crime densities, the area's surveillance camera coverage, and 
lighting levels through field observation. The land use diversity parameter has the highest total score 
and is a decisive criterion for vitality in the region. This parameter refers to the diversity of functions 
such as residential, commercial, service, and recreational [71]. The Commercial Density and Quality 
parameter directly affects the economic and social structure of the area and refers to the number, 
diversity, and accessibility of commercial structures in the area [39]. The low public space ratio 
parameter refers to the ratio of parks, green spaces, and public open spaces to the total area in a region 
[60]. The physical order and facade quality parameter refers to the spatial assessment of problems 
such as lack of maintenance, material deterioration, and discontinuity of facades in buildings when 
evaluated through the street silhouette [27]. The activity density parameter refers to activities such as 
social interaction, pedestrian mobility, and frequency of use occurring in an urban area. The active 
facades and permeability parameter refers to the level of interaction between building facades and 
pedestrians in the street silhouette and the continuity of pedestrian movement in spaces [38]. The 
target accessibility (walkability) parameter refers to the capacity of individuals to reach basic 
functions used in daily life quickly and without interruption [70]. The transportation infrastructure's 
neighborhood-dividing effect parameter refers to the degree to which busy roads and railway lines 
disrupt a region's spatial integrity and interrupt pedestrian mobility [27]. The POI (Point of Interest) 
density parameter indicates the spatial density of commercial, social, cultural, and service functions 
in an urban area [71]. The building maintenance condition parameter indicates the physical condition 
and maintenance level of structures in the area [11]. The building density parameter represents the 
density of structures in an area [26]. Density values were determined by calculating the number of 
buildings and floor area in each grid cell using satellite images, zoning plans, and field observations. 
They were scored from 1 (very low building density) to 5 (very high building density) and integrated 
into the model. The parameter is positively correlated and represents urban vitality. The cultural 
facility density and diversity parameter indicates the number and functional diversity of spaces such 
as libraries, museums, cultural centers, theaters, and art studios in the urban area [38]. 

Table 6. Selected Indicators and Operational Definitions. 

Indicator Categor
y 

Directi
on 

Scor
e 

Measurement 
Approach 

Scale (1-5) 

Crime rate/Security 
issues 

Social - 
4,739 

Official crime records 
and spatial density 

1 = low risk, 5 = high 
risk 

Land use diversity-
function 

Physica
l 

+ 4,739 Land-use mix 
analysis per grid cell 

1 = single use, 5 = 
mixed use 
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Low ratio of public 
space 

Physica
l 

- 
4,454 

Ratio of public/open 
space per cell 

1 = high ratio, 5 = 
low ratio 

Commercial density 
and quality 

Econo
mic 

+ 
4,545 

Count and diversity 
of commercial units 

1 = none, 5 = high & 
diverse 

Activity density Social + 
4,428 

Pedestrian and 
activity observation 

1 = very low, 5 = 
very high 

Poor physical order 
and facade quality 

Physica
l 

- 
4,428 

Visual condition 
scoring 

1 = well maintained, 
5 = deteriorated 

Active facades and 
permeability 

Physica
l 

+ 4,222 Ground-floor activity 
continuity 

1 = low, 5 = high 

Destination 
accessibility 
(walkability) 

Physica
l 

+ 4,2 
Network-based 
accessibility index 

1 = low, 5 = high 

Transport 
infrastructure's effect 
of dividing 
neighborhoods 
(railway lines, etc.) 

Physica
l 

- 

4,111 

Presence of major 
transport barriers 

1 = none, 5 = strong 
division 

POI (Point of 
Interest) density 

Physica
l 

+ 4,1 Spatial density of 
points of interest 

1 = low, 5 = high 

Building 
maintenance status 

Physica
l 

- 
4,052 

Building condition 
assessment 

1 = good, 5 = poor 

Building density Physica
l 

+ 
4,052 

Building footprint 
per grid cell 

1 = low, 5 = high 

Cultural facility 
density, diversity 

Cultura
l 

+ 
4,052 

Number of cultural 
facilities per cell 

1 = low, 5 = high 

3.3. Celluar Automata (CA) Model Structure 

Generative systems, which are part of contemporary design applications, enable the creation of 
new and original design alternatives. Generative systems create design alternatives through features 
such as evolution, reproduction, and crossbreeding. These systems have the ability to generate 
complexity, the complex and interconnected relationship between organisms and their environment, 
the ability to self-maintain and repair, and the ability to create new structures, behaviors, outcomes, 
or relationships [73]. In this context, generative systems in computational design offer different rule-
based models for deriving complex spatial patterns. These systems include: Shape Grammars are a 
method used to express architectural form, in which design variations are generated by directly 
computing through sets of rules for shapes [74]. L-Systems are a system that models the growth logic 
of plant forms in nature and particularly produces fractal designs [75]. Swarm Intelligence and Multi-
Agent Systems aim to measure complex behaviors performed by independent agents, particularly 
those based on movement, interaction, and orientation [76]. Genetic Algorithm is a computational 
system that seeks to find the best option in the selection, mutation, and evolution cycle to produce 
solutions to optimization problems [77]. 

Cellular automata (CA) is a system of cells on a regular or irregular grid that develops according 
to a set of rules and time intervals, guided by the state of the neighboring cells around a cell [78]. It is 
a model that represents the grid-based spatial structure of the urban fabric, its neighborhood 
interactions, and the transformation process it undergoes over time. It allows for the systematic 
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simulation of spatial parameters such as urban decay and urban vitality based on cell states. 
Therefore, CA was selected as the most suitable generative system for this study because it is 
compatible with the process of recurring change and development in the city over time and allows 
for the transfer of multi-criteria decision-making outputs to cellular behavior on the grid. 

4. Study Area and Model Definition 

4.1. Study Area Description 

The CA model will be applied in the Semsi Tebrizi Neighborhood, located between Istanbul 
Street, Mevlana Street, Sultan Veled Street, and Ankara Street in the historic city center of Konya, as 
shown in Figure 3. The Şemsi Tebrizi Neighborhood, selected for fieldwork within the scope of this 
study, allows for the simultaneous observation of urban vitality and decay processes within the same 
area. It was chosen as the study area due to its diverse range of uses, organic street fabric, and high 
pedestrian traffic. Although the neighborhood has cultural attractions, there are significant spatial 
differences in terms of physical environmental quality and functional continuity. In this context, it 
provides a suitable ground for testing the cellular automata model's decay and vitality states through 
neighborhood interactions. The study area covers approximately 600 m × 600 m. It has been converted 
into a regular grid structure consisting of 15 m × 15 m cells to provide input for the cellular automata 
model. This creates approximately 1500 cells. This number of cells has been determined to distinguish 
between facades, buildings, and streets.  

 
Figure 3. Konya Semsi Tebrizi Neighborhood. 

4.2. Model Definition 

The decision matrix resulted in a total of 13 parameters, both positive and negative. These 
parameters were converted to a standardized 1–5 scale to illustrate the model's operational logic and 
integrated into the cellular automata framework. Scale values were defined to represent low and high 
vitality/collapse states. Accordingly, a value of 1 indicates a very low vitality and high collapse state, 
while a value of 5 indicates a very high vitality and low collapse state. Figure 4 shows the integration 
of the indicators determined by the decision matrix into the cellular automata model developed in 
the Rhino–Grasshopper environment. 
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Figure 4. Workflow of the cellular automata model showing the integration of selected indicators in the Rhino–
Grasshopper environment. 

Each cell produces a single state for 13 parameters. The average score is defined as S1 for 1.0-2.0, 
S2 for 2.0-3.5, and S3 for 3.5-5.0. Within the scope of the study, transition rules are defined as follows: 
when the average vitality level of neighboring cells exceeds certain threshold values, the cell 
transitions to a higher state; when it falls below the thresholds, it regresses to a lower state. Rules are 
determined based on the average state of neighboring cells to realistically represent interaction 
between cells, time-spanning transformation, and the urban process. In this context, there are three 
different situations:  

• If a cell's neighbors are predominantly S3, the cell is pulled up. 
• If its neighbors are predominantly S1, the cell moves down. 
• If it is intermediate in S2 weight, the cell state is maintained. 

Following this rule logic, the model was run over five successive generations (t0–t5), and the 
relative changes in cell states were observed. Figure 5 shows the spatial distribution obtained in the 
final generation. On the map, yellow, red, and green cells represent medium-level transition areas, 
depression concentrations, and vitality foci, respectively. 
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Figure 5. Spatial pattern distribution formed during the t0–t5 process within the cellular automata model (red: 
collapse, yellow: transition, green: vitality). 

This study aims to integrate the indicators determined by the decision matrix into the cellular 
automata model and to present the spatial analysis logic. The algorithmic and structural design of 
the model has been completed, and the indicator set can be integrated into the grid-based system. 
However, within the scope of this study, the parameters have not been calibrated with field data. The 
model provides an open framework for application and validation with context-specific data sets. 

5. Results 

The model was run over generations t0–t5 to examine relative spatial changes in cell states. In 
each generation, the composite state values of cells were recalculated based on neighborhood effects 
and indicator densities, and spatial patterns were observed. 

The final generation map presented in Figure 5 shows distinct clustering at the neighborhood 
scale. Red cells represent depression clusters, green cells represent vitality foci, and yellow cells 
represent transition zones. When examining the spatial distribution, it is seen that the decline areas 
are concentrated in specific foci and have a gradual effect on the cells surrounding these areas. 
Similarly, positive clusters have formed in areas with high vitality indicators, and it has been 
determined that these cells show spatial continuity with neighboring areas. 

The distribution obtained reveals that the indicators interact spatially not only through 
individual values but also through neighborhood relationships. Thus, the model provides an 
analytical framework that makes visible the relative distribution of fragility and vitality trends at the 
neighborhood scale. 

6. Discussion 

This study addresses urban decay and urban vitality as opposing yet interrelated processes and 
proposes a methodological framework that quantifies this dual structure through an indicator-based 
decision matrix and transfers it into the spatial domain using a cellular automata model. In the 
literature, urban decay is generally examined through physical deterioration, while urban vitality is 
often assessed through indicators of density and centrality. By integrating economic, social, physical, 
and cultural dimensions, this study develops a more comprehensive evaluation approach. 

The primary contribution of the proposed model lies not only in identifying indicators but also 
in integrating them into a spatial grid system and transforming them into an interactive, cell-based 
analytical framework. This approach makes the relative distribution of vulnerability areas and 
vitality nodes visible at the neighborhood scale, offering an analytical basis for planning and design 
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processes. Rather than producing a predictive growth simulation, the model is positioned as a 
decision-support tool that reveals the spatial co-effect of indicators. 

However, within the scope of this study, the model has not been calibrated with context-specific 
field data. Therefore, the resulting spatial distributions do not claim temporal validation but aim to 
demonstrate the operational logic of the method. Future research integrating local datasets and 
conducting comparative applications across different neighborhoods will be essential to enhance the 
model’s generalizability and validation. 

In this respect, the study contributes to making urban decay and vitality processes measurable 
and spatially operational and proposes a methodological approach for integrating computational 
design tools into neighborhood-scale decision-support mechanisms. 

8. Patents 

This section is not mandatory but may be added if there are patents resulting from the work 
reported in this manuscript. 
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