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The study aims to analyze the correlation between decisions on location, construction style, 

function, and building height in residential areas and an earthquake-resilient urban approach 

using multivariate linear regression analysis. The selected study area is Sahinali Neighborhood 

in the city center of Nigde, impacted by in the Kahramanmaras Earthquake Sequence (the 7.8 

and 7.5 Mw earthquakes) in Turkey on February 6, 2023. Findings reveal that site selection is 

the most crucial factor influencing earthquake damage vulnerability, followed by building 

function, layout, and number of floors. The results emphasize that city-scale decisions made 

through zoning plans directly influence the development of an earthquake-resistant city. 

Keywords: 

urban resilience, earthquake 

vulnerability, regression analysis, Nigde, 

Turkey 

1. INTRODUCTION

Urban resilience refers to a city's resilience to natural and 

man-made disasters and its flexibility to cope with the impacts 

of these disasters [1-3]. Urban resilience is related to a city's 

physical infrastructure, social structures, governance, and 

socio-economic factors [3-5]. 

Earthquakes have a direct impact on the city as they lead to 

loss of life and destruction of property and infrastructure. 

Measures taken against earthquakes and efforts to alleviate the 

problems that may be experienced after earthquakes are 

addressed within the scope of the disaster-resilient city 

approach in the field of urban planning [6-8]. The resilience of 

cities, home to over half of the world's population, is 

demonstrated by their ability to adapt to the rapid pace of 

contemporary physical, social, and economic developments 

while minimizing vulnerability to unplanned events. By 

accurately identifying risks related to disasters, it becomes 

feasible to implement precautionary measures in cities, 

particularly in areas highly susceptible to such events. The 

present century has witnessed a rise in uncertainties for urban 

centers. The imperative to anticipate potential challenges that 

urban systems might face places a significant responsibility on 

the field of urban planning [6, 9-12]. 

A resilient urban planning approach necessitates addressing 

the natural and constructed physical environment of the entire 

city in a multidisciplinary manner. Zoning plans are the 

primary tool for Turkey to foster resilient cities through urban 

planning [13-15]. Through technical and legal means, zoning 

plans are designed to determine how many individuals will be 

located in a certain area, their occupations, recreational 

activities, and the social and cultural resources that will be 

available. based on these large-scale decisions, the essential 

choices taken for the implementation of the zoning plans can 

be enumerated as: site selection, construction form, function, 

and the number of floors [13].  

The study aims to analyze the correlation between decisions 

on location, construction style, function, and building height 

in residential areas and an earthquake-resilient urban approach 

using multivariate linear regression analysis. In this study, 

answers to the following questions are sought: 

·Is there a significant correlation between decisions in

urban planning—specifically, the selection of residential 

areas, building layout, structural function, and the number of 

floors (height)—which are crucial aspects of urban planning 

and outcomes of zoning plans, and vulnerability to 

earthquakes when considered variables as indicators? 

·If so, to what extent?

·Which indicator exhibits a stronger correlation with

vulnerability to earthquake damage? 

2. MATERIAL AND METHOD

2.1 Nigde as a case study 

The seismic events that took place on 6 February 2023, 

namely the Kahramanmaras Pazarcık earthquake measuring 

7.8 Mw and the Ekinozu earthquake measuring 7.5 Mw, 

occurred within a six-hour interval and is regarded as highly 

devastating seismic occurrences in the history of Turkey’s 

disaster incidents. These calamities tragically resulted in the 

loss of an estimated 50.000 lives [16]. Due to the magnitude 

of the earthquake, the ten provinces in Turkey were initially 

identified as the directly affected areas: Kahramanmaras, 
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Gaziantep, Malatya, Diyarbakir, Kilis, Sanliurfa, Adıyaman, 

Hatay, Osmaniye, and Adana. However, as a result of the 

damage assessment performed after the severe disaster, the 

Disaster and Emergency Management Authority (AFAD) 

recommended the expansion of the scope of the affected 

regions [17]. Consequently, Elazig, Bingol, Kayseri, Mardin, 

Tunceli, Batman, and Nigde Provinces were declared as 

disaster affected areas on April 3, 2023. Of this, Nigde was 

selected as the focus area for this study [17]. Nigde, situated 

in the Central Anatolia Region, is home to approximately 

365.000 inhabitants (Figure 1). 

Figure 1. Geographical location of Nigde 

Despite being located in a geographically low-risk area for 

earthquakes compared to the entirety of Turkey, Nigde has a 

complex geological history, and historical records indicate that 

it has experienced moderate-scale earthquakes over time. 

(Figure 2) [9, 18, 19]. Upon examining current studies on the 

city center of Nigde Province, it is evident that some areas are 

geologically unsuitable for settlement, vulnerable to 

earthquakes, and pose a high risk for residential areas due to 

the characteristics of the ground [9, 20]. 

Figure 2. Turkey earthquake hazard map [21] 

Nigde suffered structural damage at the building level after 

the disaster on February 6, 2023 [22]. Subsequently, the 

Turkish Mineral Research and Exploration Administration 

(MTA) updated and released a map of active fault lines (Figure 

3), indicating the presence of three fault lines surrounding 

Nigde in the north (Derinkuyu), northeast-southwest (Ecemiş), 

and northwest-southeast (Tuz Gölü) directions [23]. Hence, it 

can be asserted that Nigde is also situated in an earthquake-

prone region. 

According to damage assessment studies conducted by the 

Ministry of Environment, Urbanization, and Climate Change 

after the earthquake, out of the 1.972 buildings in the Central 

District and its surrounding villages and neighborhoods, 178 

were severely damaged, 157 were moderately damaged, and 

681 slightly damage [24].  

Based on field studies, the Sahinali Neighborhood in the 

Central District of Nigde was chosen as the investigation area 

due to its high concentration of heavily damaged buildings 

requiring immediate demolition. Sahinali Neighborhood is 

located in the northeastern part of Nigde Province's central 

district, along the Kayseri Road (Figure 4). Covering an area 

of 137.8 hectares, it is the fourth largest neighborhood in terms 

of population (7.999 people) and the fifth largest in terms of 

area (1.245 km²) in Nigde Province center [25]. 

Figure 3. Updated map of fault lines in Turkey [23] 

Figure 4. Geographical location of Sahinali Neighborhood 

in Nigde 

In Environmental Plan Analytical Report prepared by Nigde 

Municipality in 2010, it was noted that 41% of the Central 

District of Nigde Province is geologically unsuitable for 

settlement, 27% can be inhabited with precautions, and the 

remaining 32% is suitable for settlement. Like much of the city 

center, Sahinali Neighborhood is situated in a geologically 

hazardous area characterized by alluvial soils [26]. 

A total of 286 buildings were assessed in Sahinali 

Neighborhood. Among these, 8% (24) were severely damaged 

(Figure 5), 3% were moderately damaged, and 10% (29) were 

slightly damaged [24]. 

Out of the 286 buildings in the sample, 32% are situated in 

the stream bed, while the remaining 68% are located in other 

areas. The neighborhood exhibits three different types of 

construction forms: adjacent, separate, and block layouts. 

Specifically, 27% of the buildings were constructed in 

adjacent layout, 25% in separate layout, and 48% in block 

layout. Regarding building usage within the neighborhood, it 

has been observed that some buildings served as residential 
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and commercial purposes, with residential functions in top 

floors and ground floors dedicated to commercial activities. 

The analysis indicates that 20% of the examined buildings are 

primarily residential, while 80% are predominantly residential 

buildings with ground-floor commercial spaces. Additionally, 

the analysis of the number of floors reveals that the sampled 

neighborhood encompasses buildings with varying floor 

heights. As a result, the breakdown indicates that 3% of the 

buildings have 1-2 floors, 14% have 3-4 floors, 49% have 5-6 

floors, 17% have 7-8 floors, 12% have 8-9 floors, and 5% have 

10 floors or more. 

Figure 5. Examples of severely damaged and evacuated 

buildings in Sahinali Neighborhood (Original) 

2.2 Method 

2.2.1 Data collection tools 

The study's data were obtained through the e-government 

platform and the Nigde Municipality City Guide Application. 

The "Damage Determination Inquiry and Appeal Procedures" 

menu provides data on the neighborhood, street name, 

building number, and building damage status and is publicly 

available through the Ministry of Environment, Urbanization, 

and Climate Change [24]. The City Guide Application 

facilitated the acquisition of up-to-date satellite photos, the 

number of floors, and zoning status data based on the 

neighborhood, street name, and building number [27]. All data 

used for the study were retrieved from the relevant sources on 

April 20, 2023, while fieldwork was conducted between May 

1 and 10, 2023. 

As the chosen data collection instrument, publicly 

accessible platforms open to all have been favored. This 

deliberate choice aims to facilitate the broad dissemination of 

the study's content, methodology, and findings. The 

parameters within the study have been derived from online 

platforms serving as the primary data collection source. The 

preference for these data sources is attributed to their status as 

official records shared post-disaster. Despite the imperative of 

including the building age parameter in the study, given the 

locale's status as one of the oldest neighborhoods and the 

municipality's archival challenges concerning pre-1990 title 

deed records, its incorporation proved unfeasible. Recognizing 

potential conflicts and errors in data obtained through searches 

based on building numbers, on-site verification was 

concomitantly conducted through fieldwork. Consequently, 

owing to constraints in both time and human resources, the 

examination was limited to the neighborhood displaying the 

highest degree of damage. In this context, it becomes evident 

that the municipality is ill-prepared in the context of collecting, 

classifying, and digitizing data pertinent to structures, 

particularly concerning their resilience to disasters. 

2.2.2 Data analysis method 

The study employed the multivariate linear regression 

analysis method, also known as multiple regression analysis, 

which is a statistical analysis technique aiming to explain a 

dependent variable using multiple independent variables [28]. 

It is performed to determine the presence of significant 

relationships between the dependent and independent 

variables, as well as to quantitatively measure the effect of the 

independent variables on the dependent variable [29-31]. 

While we cannot predict the exact timing of earthquakes, we 

do have the opportunity to proactively take precautions and 

minimize damage by establishing parameters for constructing 

disaster-resistant cities. In this study, the justification for 

employing the Multiple Regression Analysis method lies in 

clarifying the relationship between the parameters derived 

from development plans and the damage status of buildings. 

Multiple regression analysis has been extensively used in 

earthquake-related studies, including predictions, damage 

reduction strategies through various indicators, vulnerability 

detection, and the development of more resilient structures and 

cities. Researchers such as Godschalk et al. [32], Bostenaru 

Dan and Armas [33], Rahman et al. [34] and Mitsova [35] have 

emphasized the use of multivariate regression analysis to 

enhance the design and policy-making processes in urban 

planning related to natural disasters. They have demonstrated 

the relationships between disaster-resilient urban 

infrastructure, superstructure development, and earthquake 

damage using this method. Similarly, Li [36], Jia and Yan [37], 

Bostenaru Dan and Armaş [38], Yariyan et al. [39], and 

Saputra et al. [40] have utilized multiple regression analysis to 

identify the factors influencing earthquake damage within the 

field of engineering and create earthquake vulnerability 

indices. 

In the dataset utilized for this study, there is one dependent 

variable and four independent variables. The dependent 

variable is the structural damage status, while the independent 

variables are being located in the stream bed, construction 

form, function, and the number of floors. The subcategories of 

the variables group are presented in Table 1. 

Table 1. Variables and subcategories used in the analysis 

Variable Type Subcategories 

Dependent Variable: Structural 

Damage Status 

-No Damage

-Slight Damaged

-Moderate Damaged

-Severe Damaged

Independent Variable: Being 

in a Stream Bed 

-In a Stream Bed

-Other

Independent Variable: 

Construction Form 

-Adjacent

-Separated

-Block

Independent Variable: 

Structure Function 

-Residential

-Residential and Commercial

Independent Variable: 

Number of Floors 

-1-2

-3-4

-5-6

-7-8

-9-10

-More than 10
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In light of this information, the regression hypothesis 

established in the study is as follows: 

H0: β1=β2=⋯=βp=0 

H1: At least 1 βj≠0 

H0: None of the independent variables predicts the 

dependent variable. 

H1: At least one of the independent variables significantly 

predicts the dependent variable. 

Data were analyzed using IBM SPSS Statistics 26 software. 

3. FINDINGS AND DISCUSSION

To predict the building damage status, the multivariate 

linear regression analysis was conducted using the variables of 

being located in the stream bed, construction form, function, 

and number of floors. As a result of the analysis, a significant 

regression model was obtained, F(4, 281)=48.96, p<0.001 and 

40% of the variance in the dependent variable (R2adjusted= 

40) was explained by the independent variables (Table 2).

The R2 value of 0.40 is statistically significant and the

increase in this figure can be attributed to a higher number of 

variables and meaningful relationships that elucidate the 

dependent variable. This study was conducted using 

parameters present in development plans, which are publicly 

accessible after an earthquake. It is essential to highlight that 

the study measures the significance level of these variables and 

assigns them a ranking. 

Accordingly, the independent variable of being in the 

stream bed significantly and negatively predicts structural 

damage, β=-49, t(281)=-9.25, p<0.001, pr2=0.233.  

The other independent variable, construction form, 

positively and significantly predicts structural damage, β=20, 

t(281)=4.19, p<0.001, pr2=0.06. 

The independent variable, function, positively and 

significantly predicts structural damage, β=16, t(281)=3.36, 

p<0.001, pr2=0.04. 
The last independent variable, the number of floors, 

positively and significantly predicts structural damage, β=21, 

t(281)=4.09, p<0.001, pr2=0.056. 
In this context, the regression equation: 

Y = β0 + β1X1 + β2X2 +⋯+ βpXp (1) 

can be formulated as follows: 

Structural Damage Status=1.143-0.85×Being in the Stream 

Bed+0.21×Construction Form+0.36×Building 

Function+0.17×Number of Floors. 

This Eq. (1) is visualized in Figure 6, illustrating the results 

of the multiple regression analysis. 

Table 2. Multiple regression analysis results for predicting 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 
t Sig. 

95.0% Confidence 

Interval for B 
Correlations 

Collinearity 

Statistics 

B Std. Error Beta 
Lower 

Bound 

Upper 

Bound 

Zero-

Order 
Partial Part Tolerance VIF 

(Constant) 1.143 0.296 3.860 0.000 0.560 1.725 

Stream bed -0.848 0.092 -0.448
-

9.254 
0.000 -1.029 -0.668 -0.531 -0.483 

-

0.424 
0.895 1.117 

Number of 

floors 
0.169 0.041 0.210 4.095 0.000 0.088 0.250 0.423 0.237 0.188 0.797 1.255 

Construction 

forms 
0.210 0.050 0.200 4.192 0.000 0.111 0.308 0.274 0.243 0.192 0.921 1.085 

Function 0.364 0.108 0.165 3.360 0.001 0.151 0.577 0.178 0.197 0.154 0.872 1.147 

*Dependent Variable: building damage conditions

**p<.001 

Figure 6. Visualization of multiple regression analysis 

976



 

4. CONCLUSION AND SUGGESTIONS 

 

After the earthquake sequence on February 6, 2023, in 

Kahramanmaraş,Turkey, the neighborhood with the highest 

number of heavily damaged buildings in Niğde Province, 

located in the affected area, was selected as the study area.The 

study's outcomes effectively addressed the research questions 

guiding the research. It has been established that a significant 

correlation exists between selected variables and the 

earthquake vulnerability of structures. The findings 

underscore the substantial influence of site selection, 

identifying it as the most critical factor in earthquake 

vulnerability. Specifically, in neighborhoods situated in 

geologically hazardous areas, choosing a location in the stream 

bed was found to have a direct and negative impact on 

structures across all parameters. The study emphasizes that 

decision-making regarding site selection surpasses the 

importance of other parameters in determining structural 

vulnerability. 

The next parameter that exhibited the greatest influence on 

vulnerabilities was the building's function. It was determined 

that using the ground floor for commercial purposes, while 

having residential units on the upper floors, increases the risk 

compared to using the building solely for residential purposes. 

The function parameter is followed by the construction form. 

It was observed that the most damage-sensitive building layout 

parameters were block, adjacent, and separated. This 

underscores the need to reevaluate small-scale parcels through 

land arrangements in seismic-risk areas during planning, 

aiming to avoid block or adjacent forms as much as possible. 

As for the last parameter, the number of floors exhibited the 

weakest relationship with vulnerability. While the number of 

floors in a building has a significant relationship with damage 

vulnerability in the analysis, it can be interpreted that this 

parameter is important, but its significance among all 

parameters is relatively low. 

Following the assessment of building damages, the study 

also examined the existing zoning plans for areas with heavily 

damaged structures. 

Figure 7 presents an example of a 1/1000 scaled 

implementation zoning plan, approved on 05.10.2021, 

illustrating the zoning plan for a parcel where a heavily 

damaged building is located in Sahinali Neighborhood. The 

figure highlights that a zoning permission was granted for a 6-

floor, separated structure with residential and commercial use.  

Furthermore, the same plan reveals that the zoning permit 

for the parcel located in the stream bed, heavily damaged after 

the earthquake, allows for up to 16 floors (Figure 8). The 

figure demonstrates that while the current street texture 

consists of 4-5 floor residential buildings, the new zoning plan 

permits the entire street and the connected street to be used for 

residential and commercial purposes. 

 

 
 

Figure 7. Example of the current zoning plan on the parcel 

where a heavily damaged building is located 1 

 
 

Figure 8. Example of the current zoning plan on the parcel 

where a heavily damaged building is located 2 

 

The examination of examples following the earthquake 

disaster in the province has revealed the need for a revision of 

existing zoning plans. It has been identified that current 

decisions should be reassessed in light of their potential to 

induce vulnerability. This underscores the importance of urban 

policies and, once again, emphasizes the necessity of 

preparing city plans based on scientific data. 

This study sheds light on the critical significance of 

decisions related to the location of residential areas, function, 

construction form, and the number of floors (height) 

concerning earthquake vulnerability. Contrary to prevailing 

public views, the findings underscore the importance of 

making informed decisions based on a disaster-resistant urban 

planning framework rather than relying solely on building-

specific decisions, legislation, and regulations. Furthermore, 

while building height initially influences earthquake risk 

perception, especially concerning preferences for living 

spaces, it has been determined that the utilization of the ground 

floor and its location within the parcel and neighboring parcels 

carry greater significance. Hence, achieving a disaster-

resilient city necessitates a primary focus on urban-scale 

approaches and the formulation of zoning plans aligned with 

these strategies. It is expected that these findings, being the 

first in the field of urban planning, will provide valuable input 

for future studies, encompassing additional parameters and 

addressing large-scale settlement. 
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