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Mapping Urban Vitality and Decline Indicators Using Cell-Based GIS?

Kentsel Canlilik ve Cokiintii Gostergelerinin Hiicre Tabanh CBS ile Haritalanmasi

ABSTRACT

Urban vitality and urban decay are key factors that directly influence a city’s physical, social, economic, and cultural structure.
Analyzing these factors and converting them into quantitative data ensures that planning decisions and urban renewal processes are
more reliable. The aim of this study is to develop a practical method for quantifying and spatially mapping indicators of urban
vitality and decay at the grid cell level using Geographic Information System (GIS)-based methods. The study area is the Semsi
Tebrizi Neighborhood in the Selcuklu district of Konya Province. This neighborhood measures approximately 600 x 600 meters.
Using a grid system, 1,783 cells measuring 15 x 15 meters were defined within this area. As part of the research, three selected
indicators active facade ratio, target accessibility, and point of interest density were analyzed using QGIS software. Appropriate
spatial analysis methods were applied for each parameter, and the resulting data were scored on a scale of 1 to 5 for
standardization. Spatial maps were created based on the scores obtained. The maps highlight spatial variations within the study
area and identify regions that stand out in terms of urban vitality and decline. The method developed enables the joint evaluation of
different data types within a cell-based analysis system. In conclusion, this study presents a methodological framework based on a
GIS-based cell-scale analysis approach that serves as an effective method for quantifying and mapping indicators of urban vitality
and decline, and can be applied in similar studies in other cities in the future.
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OZET

Kentsel canlilik ve kentsel ¢okiintii, kentin fiziksel, sosyal, ekonomik ve kiiltiirel yapisini dogrudan etkileyen énemli bilesenlerdir.
Bu bilesenlerin sayisal verilere doniistiiriilecek analizlerinin yapilmasi, planlama kararlariim ve kentsel doniisiim siireglerinin daha
giivenilir olmasini saglamaktadir. Bu ¢alismanin amaci, kentsel canlilik ve ¢okiintii gostergelerinin Cografi Bilgi Sistemleri tabanli
yontemlerle hiicre dlgeginde sayisallastirilmasi ve mekansal haritalanmasina yonelik uygulanabilir bir yontem olusturmaktir.
Caligma alan1 olarak Konya ili Selguklu il¢esinde bulunan Semsi Tebrizi Mahallesi se¢ilmistir. Bu mahalle yaklasik 600 X 600
metre biiyiikliigiindedir. Bu alanda grid sistemi ile 15 X 15 metre boyutlarinda 1783 hiicre elde edilmistir. Arastirma kapsaminda
aktif cephe orani, hedef erisilebilirligi ve ilgi ¢ekici nokta yogunlugu olmak tizere se¢ilmis ti¢ farkli gosterge QGIS yazilimu
kullanilarak analiz edilmistir. Her parametre ig¢in uygun mekéansal analiz yontemleri uygulanmis ve elde edilen veriler
standartlastirilmak tizere 1 ile 5 arasinda puanlandirilmistir. Elde edilen puanlar dogrultusunda mekansal haritalar olusturulmustur.
Uretilen haritalar, calisma alanindaki mekansal farkliliklari ve kentsel canlilik ile ¢okiintii kapsaminda &ne ¢ikan bélgeleri ortaya
koymaktadir. Gelistirilen yontem, hiicre tabanli analiz sisteminde farkli veri tiirlerinin bir arada degerlendirilmesine imkan
saglamaktadir. Sonug olarak bu ¢alisma, CBS tabanli hiicre 6lgekli analiz yaklagiminin kentsel canlilik ve ¢okiintii gostergelerinin
sayisallagtirilmasi ve haritalanmasinda etkili bir yontem olarak gelecekte farkli kentlerde benzer ¢aligmalarda uygulanabilecek
metodolojik bir ¢cergeve sunmaktadir.

Anahtar Kelimeler: Kentsel canlilik, Kentsel ¢okiintii, Cografi bilgi sistemi (CBS), Mekansal gostergeler, QGIS, Hiicre tabanli
analiz.

! This study was derived from an ongoing doctoral dissertation conducted at the Graduate School of Natural and Applied Sciences, Necmettin
Erbakan University.
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1. INTRODUCTION

Cities have a dynamic structure that continuously changes with their social, economic, and physical
characteristics (Lefebvre, 1973). The differentiation of these characteristics over time leads to an increase
in vitality in some areas, while causing urban decay in others. Urban vitality is expressed through
characteristics such as the intensive use of public spaces, pedestrian mobility, and active street use,
whereas urban decay is defined by indicators such as physical deterioration and loss of function (Jacobs,
1961; Lee et al.,, 2021). The accurate identification and analysis of urban vitality and urban decay
indicators are important for the development of sustainable planning and design decisions. Geographic
Information Systems (GIS) are frequently used in urban research to analyze different types of spatial data.
Liu et al. (2017) utilized Geographic Information Systems (GIS) in the data acquisition process for
scenario-based predictions of land use. GIS-based analyses enable urban indicators to be comparable
through the digitization, standardization, and spatial mapping of point, line, and polygon data.

In the literature, numerous indicators have been proposed for identifying urban vitality and urban decay
(Chen et al., 2024; Eloah et al., 2025; Z. Wang et al., 2024; Wei & Wang., 2024). However, studies
focusing on transforming these indicators into cell-based numerical data appear to be limited. In a study on
urban vitality and urban decay indicators, these indicators were evaluated within the framework of cellular
automata using a matrix-based indicator identification method, and their applicability at the neighborhood
scale was demonstrated (Giiner & Biiyiiksahin, 2026). The aim of this study is to develop an applicable
method for the cell-based generation, standardization, and mapping of selected parameters in the QGIS
environment. Giiner and Biiyliksahin (2026) identified 13 parameters as the final indicator set. Among
these parameters, the active facade ratio, target accessibility, and points of interest (POI) were selected for
use within the scope of this study. In this context, the findings are intended to provide a practical GIS
workflow that can be used in similar urban analysis studies. QGIS, an open-source and free GIS software,
was used in the study.

2. MATERIALS AND METHODS

The study area is Semsi Tebrizi Neighborhood, located in the historical city center of Konya and shown
within the red boundaries in Figure 1. This neighborhood provides an opportunity to evaluate urban vitality
and urban decay processes together. It was also selected as the study area due to its diverse land-use types
and high pedestrian density. The study area has an irregular geometry covering approximately 600 x 600
meters (Gliner & Biiyiiksahin, 2026).
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Figure 1. Konya Semsi Tebrizi Neighborhood (Giiner & Biiyiiksahin, 2026)

The method used in the study is presented in Figure 2. The study area was first transformed into a grid
system to enable the analysis of spatial data. To represent spatial variations, the area was divided into a
regular grid consisting of 15 m x 15 m cells. The specified spatial resolution was selected to identify
variations at the neighborhood and street scales. The selected resolution enables the model to reflect spatial
characteristics at the frontage scale as well as accessibility relationships. As a result of converting the study
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area into a grid structure, a total of 1783 cells were obtained (Giiner & Biiyiiksahin, 2026). The data
acquisition stage was then carried out. The data used in the study were obtained from different sources.
Building, road, and land-use data within the study area were obtained from OpenStreetMap and the zoning
plan of the study area. Active facade data were prepared in the AutoCAD environment based on field
observations and satellite imagery. The destination points used in the destination accessibility (walkability)
analysis were created based on public-use destinations within the study area. Points of interest (POI)
density data were obtained from the OpenStreetMap database, verified using Google Maps, and organized
according to the purpose of the study. All data obtained in the study were subjected to various GIS-based
spatial analyses using QGIS. During the analyses, where open-source data were insufficient for particular
parameters, the existing zoning plan and digital CAD data were used to improve spatial accuracy.
Depending on the data type, point-distance analyses, spatial join operations, reclassification procedures,
and attribute table-based calculations were performed. Individual scores were generated for each of the
1783 cells in the grid system, and the analysis results were standardized to a 1-5 scoring scale. The scale
values were defined to represent low and high levels of urban vitality and decay. Accordingly, a score of 1
represents very low vitality and high urban decay, whereas a score of 5 represents very high vitality and
low urban decay. Finally, the resulting scores were mapped, completing the spatial analyses of the
parameters.

QGIS

Creating a Grid System
Importing zoning plan and
AutoCAD data into QGIS

Preparation of Raw Data

Field observation, Zoning
plan, Google Maps, Linking Data to the Grid
Konya City Information
System, Local government
data, AutoCAD Scoring

i | |

Mapping

Figure 2. Method for preparing and mapping spatial data
3. GENERATION OF PARAMETERS

In this study, the analysis was conducted using three different parameters representing urban vitality and
urban decay. As shown in Table 1, the parameters were evaluated in terms of data type, data source, GIS
analysis method, and standardization method. Appropriate spatial analyses were applied to each parameter,
and the results were scored on a scale of 1-5 to obtain comparable scores. The resulting scores were
classified using the Jenks Natural Breaks method, and spatial maps were produced.

Table 1. Method for prepearing and mapping spatial data

Indicator Data Type Data Source CBS Analysis Method (QGIS) Scoring Method
Active facade ratio Line Field Observation and AutoCAD Calculation of the Line Length Jenks Natural
Ratio Breaks
Destination accessibility . . . . Jenks Natural
(walkability) Point Public Use Centers Distance Analysis Breaks
POI (Point of Interest) . . . . Jenks Natural
density Point Google Maps and OpenStreetMap Grid-Based Density Analysis Breaks

3.1. Active Facade Ratio

The active facade ratio parameter represents the interaction of building facades within the study area with
public space through active uses. The parameter was determined by calculating the ratio of the active
facade length to the total facade length within each cell. A higher ratio indicates a stronger functional
relationship between the street and the building, thereby representing a higher potential for urban vitality.
The process used to generate the active facade ratio parameter is presented in Figure 3.
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For the generation of this parameter, the total facade layer and the active facade layer were prepared as line
data in AutoCAD. The total facade layer represents all building facades within the study area that interact
with streets, squares, and avenues, whereas the active facade layer represents ground-floor facades that
directly interact with public space through entrances, shop windows, or other uses that support pedestrian
activity and interaction. In this context, facades of commercial units associated with public use, actively
used sections containing the entrances of public and cultural buildings, and the main entrances of religious
buildings were classified as active facades.

The prepared total facade and active facade layers were transferred to QGIS, and the Intersection operation
was applied separately to both layers. Through this process, the layers were overlaid with the grid
consisting of 1,783 cells, and the lines were divided according to the boundaries of each grid cell and
associated with the corresponding cell ID. Since multiple line segments could occur within a single grid
cell as a result of this process, the lengths of the line segments were aggregated using the Statistics by
Categories tool.

For each cell, the active facade ratio was calculated by dividing the total active facade length by the total
facade length, resulting in values ranging from 0 to 1. The resulting active facade ratios were classified into
five categories using the Natural Breaks (Jenks) classification method to preserve the natural breaks in the
data distribution. Accordingly, the 1-5 scoring scale was defined as follows: 0.0000-0.1255 represents a
very low active facade ratio; 0.1255-0.3536 represents a low active facade ratio; 0.3536-0.5855 represents
a moderate active facade ratio; 0.5855-0.8571 represents a high active facade ratio; and 0.8571-1.0000
represents a very high active facade ratio. The resulting active facade parameter scores enabled spatial
comparisons to be conducted at the individual cell level. Higher values of the active facade ratio were
considered positive in terms of urban vitality.
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Figure 3. Parameter Generation Process for the Active Facade Ratio
3.2. Destination Accessibility (walkability)

Destination accessibility (walkability) refers to the ease with which people can reach places and
destinations that they frequently use in their daily lives. In urban areas, shorter walking distances to
destinations increase spatial accessibility and encourage greater use of urban space. In areas located farther
from destinations, accessibility decreases, which may negatively affect urban vitality. The process used to
generate the destination accessibility (walkability) parameter is presented in Figure 4.

To generate this parameter, spatial data for the destinations identified within the study area were prepared
in the GIS environment. The parameter considered destinations that influence daily life, have high user-
attraction potential, and support urban mobility within the study area. In this context, selected destinations
related to healthcare, education, culture, tourism, accommaodation, public services, bus stops, and religious
buildings were used. Not all buildings were included in the analysis; instead, destinations with high user-
attraction potential, a guiding role in urban movement, and a significant influence on accessibility at the
neighborhood scale were selected. Accordingly, hospitals, educational buildings, cultural and art centers,
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public institutions, important historical buildings, tombs, mosques, selected accommodation facilities, and
certain commercial functions providing services at the regional scale were defined as destinations.

Subsequently, the nearest destination was identified for each cell in the grid system representing the study
area, and the distances between the cell centers and the destinations were calculated. Thus, the accessibility
distance to the nearest destination was obtained for each cell. The resulting distance values were converted
into a five-level scoring system based on walking accessibility. Accordingly, the 5-1 scoring scale for the
destination accessibility (walkability) parameter was defined as follows: a distance of 0-25 m represents
very good accessibility, 26-50 m represents good accessibility, 51-75 m represents moderate accessibility,
76-100 m represents poor accessibility, and distances greater than 100 m represent low accessibility.

Higher scores were assigned to cells located very close to destinations, while scores decreased as the
distance from destinations increased. In this way, the parameter was standardized to directly represent the
level of accessibility. Higher values were considered positive in terms of urban vitality, whereas lower
values were considered indicators of risk in terms of urban decay.
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Figure 4. Target Accessibility Parameter Generation Process
3.3. Point of Interest (POI) Density

Point of Interest (POI) density represents the spatial distribution of functions, destinations, and functional
uses that support everyday life in urban space. Areas with a high concentration of POIs increase user
activity, support functional diversity, and contribute to maintaining urban vitality. In contrast, areas with a
limited number of POIs may experience lower levels of activity, making urban decay more evident. The
process used to generate the POI (Point of Interest) density parameter is presented in Figure 5.

To generate this parameter, OpenStreetMap data, centroid points derived from polygon data, and POls
manually added through field surveys were combined into a single dataset. The dataset included hospitals,
schools, libraries, pharmacies, banks, ATMSs, restaurants, cafés, bus stops, places of worship, museums,
hotels, public institutions, as well as bakeries, supermarkets, clothing stores, shoe stores, cosmetics stores,
and mobile phone retailers. These functions were identified as key land-use types representing functional
diversity and spatial attraction within the study area. The resulting data were organized according to the
boundaries of the study area and prepared for analysis.

When point counts were performed using the 15 x 15 m grid system employed in the study, the cells were
found to be predominantly concentrated at values of 0 and 1. Therefore, to represent the surrounding
influence of POIs more realistically, a 30 m influence zone was created around each point. These influence
zones were overlaid with the grid system, and the number of POI influence zones intersecting each cell was
calculated. Thus, a POI density value was obtained for each grid cell.

The resulting density values were divided into five classes using the Natural Breaks (Jenks) classification
method to preserve the natural breaks in the data distribution. Accordingly, the 1-5 scoring scale was
defined as follows: 0-2 represents very low POI density, 2-10 represents low POI density, 10-21
represents moderate POI density, 21-34 represents high POl density, and 34-53 represents very high POI
density. Lower scores were assigned to cells with low POI density, while scores increased as POI density
increased. In this way, the parameter was standardized to represent the spatial density of functional
attraction points within the study area.
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1) Merged layer 2) Intersection with the Grid System
Figure 5. Point of Interest (POI) Parameter Generation Process
4. FINDINGS

The scores obtained from the generation of the parameters were classified using the Jenks Natural Breaks
method, and maps showing their spatial distribution were prepared. The resulting maps are presented in
Table 2. For the active facade ratio parameter, high scores represent areas with a high active facade ratio,
where pedestrian activity is supported and the interaction between public space and buildings is strong.
Low scores, on the other hand, indicate areas where passive facades are dominant, street life is limited, and
interaction with public space is weak. For the destination accessibility (walkability) parameter, high scores
represent areas located within short walking distances of destinations and with high levels of accessibility.
Low scores indicate areas located farther from destinations and characterized by lower levels of
accessibility. For the POI (Point of Interest) density parameter, high scores represent areas with a high
diversity of services and a high concentration of attraction points. Low scores indicate areas where points
of interest are limited.

Overall, high scores across all three parameters represent spatial characteristics that support urban vitality,
whereas low scores represent areas associated with a higher risk of urban decay. The resulting maps
enabled spatial differences within the study area to be identified on a cell-based basis and allowed the
indicators to be evaluated in a comparable manner.

Table 2. Maps showing the spatial distribution of the parameters

Active Facade Ratio Map Destination  accessibility  (walkability) | POI (Point of Interest) density Map
Map

=
¥ H H V_H-H
) SR ) :
e | P | B ) s i
(1: low active facade ratio, 5: very high | (1: low accessibility, 5: wvery good | (1: very low POI density, 5: very high POI
active facade ratio) accessibility) density)
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5. CONCLUSION

In this study, a method was developed for the cell-based generation and mapping of the active facade ratio,
destination accessibility (walkability), and Point of Interest (POI) density parameters selected from urban
vitality and urban decay indicators using Geographic Information Systems (GIS)-based methods. Within
the scope of the study, different types of data were evaluated within a common analysis framework in
QGIS, standardized, scored on a scale of 1-5, and mapped.

The findings demonstrate that the cell-based GIS approach enables different spatial indicators to be
evaluated comparatively within the same unit of analysis. The active facade ratio, destination accessibility
(walkability), and Point of Interest (POI) density parameters clearly revealed spatial differences within the
study area and contributed to the identification of areas that stand out in terms of urban vitality and urban
decay. Furthermore, integrating different data types using a common coordinate system and a standardized
scoring method enabled consistent comparisons among the parameters.

The proposed method is not limited to this study area and offers a flexible G1S-based approach that can be
applied to different cities with similar data infrastructures. The study is considered to contribute to the
literature by providing an applied method for the digitization and spatial evaluation of indicators used in
urban analyses. In future studies, the method can be further developed by incorporating additional
indicators and different spatial analysis techniques, allowing it to be used more comprehensively in
decision-support processes.
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