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Abstract: The earthquake is considered one of the most devastating disasters in any area of the world due to its potentially destructive force. Based on the various earthquake-related parameters, the risk assessment is enabled in advance to prevent future earthquake disasters. In this paper, for providing the shelter space demands to reduce the damage level and prevention costs, an earthquake risk assessment approach is proposed for deriving the risk index based on multiple spatial parameters in the gridded map. The proposed assessment approach is comprised of pre-processing, methodology model, and data visualization. The risk index model derives the earthquake risk index by multiple spatial parameters including indexes of earthquake, danger, shelter, and building for blocks in the quantitative gridded map. The parameters are provided based on mathematical models and combined with the risk index that presents the earthquake risk assessment result for each block. Therefore, the gridding approach is proposed to provide the elements of the risk assessment area that are used in the spatial parameters. The gridded map is developed for the selected area to visualize risk index parameters associated with each risk zone. Based on the derived result of the proposed earthquake risk index model, emergency shelter requirements are provided according to the risk index for each location, which supports safety measures in advance to prevent future earthquake disasters.

Keywords: Risk analysis; risk index; earthquake; shelter demand; data analysis

1  Introduction

In recent years, reducing earthquake risk and improving capacities is one of the main concerns of the global disaster management authorities to respond to the potential impacts of earthquakes [1–3]. The impacts of earthquake disasters continue to increase all around the world, so most experts are agreed to focus on post-event response, which has become more effective and efficient to plan safety measures [4]. The earthquake activity suddenly occurred, where residents are not alerted to prevent a natural disaster. Hence, it often causes huge damage to buildings, fatalities, and economic loss. Different strategies can be considered into account to mitigate earthquake disasters based on risk assessment models. The risk mitigation measures and planning of safety measures for the earthquake disasters in advance have gained interest in both scientific and practitioner communities to prevent earthquake disasters. The Risk Index (RI) analysis model is an important way to reduce fatalities and economic loss. Both risk analysis and management are used to analyze and survey the effects caused by the earthquake and also propose estimation approaches to reduce human causalities and economic losses [5–7]. The initial estimation of the emergency shelter demands, building damages, potential fatalities based on the earthquake capacity, and the area is one of the major pre-requisites for the administration and ensuring safety measures. Because all these estimation indexes are used as important tools in earthquake disaster rescue operations, which can be effective and useful for an immediate response and long-term measures [8,9]. The approach is effective to plan and estimates the earthquake shelter index in advance to reduce the damage caused by the earthquake disasters and also ensure safety measures to prevent residents [10]. Before, the disasters unfold, identification and provision of the areas for emergency shelter and the population capacity are important to improve response processes [11–13]. Nevertheless, most of the disasters are difficult to prevent although a huge amount of data is available.

Different analysis and estimation models have been developed to estimate the earthquake risk in advance to prevent the natural disaster based on the vulnerability of building and post-earthquake data to assess and estimate human life losses [14–17]. A vulnerability index-based model was developed to estimate damages caused by the earthquake disaster, such as social and economic damages [18]. An earthquake fatalities assessment method developed to analyze and estimate the potential fatalities based on affected parameters [19]. Another study presented in [20], that proposes a model to plan shelter demands based on the historical earthquake data to prevent the earthquake disaster. The proposed approach is focused on developing an earthquake risk index model based on multiple parameters to estimate Risk Index (RI) in advance to reduce fatalities and economic loss. Earthquake formation is one of the most complex geological phenomena, which occurs on the surface of the earth due to the following parameters, such as tectonic movements inside the earth's crust, volcanic eruptions, and the change of soil [21]. All of these earthquake causes can damage buildings or collapse of buildings, loss of human life or human injuries, and extensive economic loss, etc. The earthquake disaster also affects natural environmental conditions, known as earthquake environmental effects (EEEs) [22]. Considering all these effects caused by the earthquake disaster can damage property, loss of life, and also alter the natural environment as well [23]. Therefore, it is required to develop a risk index model to estimate the earthquake risk index, which would enable the administration and local communities to ensure safety measures in advance to prevent earthquake disasters.

In this paper, we propose an earthquake risk assessment approach to derive the earthquake risk index based on multiple parameters, such as earthquake index, danger index, shelter index, and building index for providing the shelter space demands to reduce the damage level and prevention costs. The earthquake dataset contains post-earthquake data, such as earthquake, shelter, damage, and danger data. The main objective of the proposed model is to define four different parameters to estimate the risk index associated with each parameter according to its high related hazards to plan shelter requirements. First, the earthquake index is defined to assess the risk index of the earthquake occurrences in advance based on historical data of the local province. Second, the danger index is defined to assess tremendous damage and potential fatalities caused by the extreme earthquake occurrences in the selected area in the past, which allows administration and communities to prepare safety measures in advance. Third, the shelter index is defined based on the following parameters, such as area and capacity to estimate the demand for shelters provided by the earthquake administration. Fourth, the building index is defined to assess the damage capacity of the buildings caused by earthquake disasters to estimate economic loss and shelter capacity. Based on the proposed model, the risk index associated with each parameter can be assessed, estimated, and visualized. The quantitative gridded map in the study area was developed to visualize risk zones and also visualize risk index parameters based on risk zones to estimate the risk index for each risk zone.

The rest of the paper is structured as follows. Section 2 presents the introduction of existing works and background information related to the proposed earthquake risk index model. Section 3 presents the proposed earthquake risk index model data preprocessing, parameters definition and details of the risk index model. Section 4 presents the earthquake dataset and its parameters. Section 5 presents the implementation and experimental results of the proposed earthquake risk index model based on multiple parameters using the gridded map. Section 6 concludes the proposed model and future directions are also discussed.

2  Related Works

In this section, we present the literature review and background study for the assessment of the earthquake risk index based on the historical earthquake dataset. Different analyses and estimations models have been developed for the assessment of earthquake risk. Most research studies used empirical analysis methods to estimate and assess the risk for the earthquake data [24–26]. In this study, our main focus is to analyze earthquake data for risk index based on multiple risk index parameters, i.e., earthquake index, danger index, shelter index, and building index. In [27], the authors proposed an earthquake model to assess the earthquake risk of the Blida city (Algeria) using a Graphical Information System (GIS). The author used the Vulnerability Index (VI) method to calculate vulnerability indexes of the buildings using software known as the Vulnerability Index Program (VIP) [28]. The rates of damage are also determined and calculated for the defined scenario, which emphasizes VI of the selected cities [29]. The damages caused by the earthquake were assessed using seismic vulnerability functions. Also, the authors performed a spatial analysis to visualize highly vulnerable zones to locate the following parameters geographically, i.e., building structures and their topology, the total number of floors, and rates of damage. In another similar study presented in [30], the authors developed several models for earthquake data analysis and estimation of earthquake damage rates and also investigated vulnerability for the limited area of Iran through statistical methods.

In [31], the authors developed a GIS-based multicriteria analysis model to assess and analyze urban vulnerability index to earthquakes through a spatial analysis method. In this work, areas with high vulnerability zones were located and then found differences between high vulnerability and other areas within a defined urban region. Based on these differences, the relative importance of the ecological factors improved. In another similar study presented in [32], the authors developed a holistic model for assessing earthquake risk and determining safety measures for risk reduction to support decision-makers and risk disaster management in urban areas. In this work, the authors introduced a new indicator known as the Integrated Earthquake Safety Index (IESI) to measure the safety level of the earthquake and then analyze and assess the impacts of the applicable intervention on risk. To evaluate the safety level for defined urban regions, the authors assessed and analyzed all contributing elements or parameters such as hazard, vulnerability, and response time based on defined local conditions and IESI values are determined for each urban region zone. Also, many earthquake risk assessment solutions are proposed such as Earthquake Disaster Risk Index (EDRI) [33] that is used for estimating risk based on seismic hazards and vulnerability, and SYNER-G project [34] that considers vulnerability and loss as well as socio-economic parameters to deliver the risk assessment. ith sufficient data, the relevant software packages, such as Risk-UE [35] and SELENA [36] are enabled for estimating the seismic risk and its impacts. Yeh et al. [37] proposed an approach to provide the determinants of the earthquake risk based on seismic hazard, exposure of population and fragile buildings, and demographic and socioeconomic vulnerability that result in all components have an explicit impact on the specific dimension for the earthquake risk.

Moreover, in further work, the authors proposed a comprehensive methodology to estimate the relative seismic risk among urban zones using less data and information through the definition of new evaluation approaches [38]. In [39], the authors proposed an earthquake disaster risk index that can be considered as a pioneer model to apply to all major seismically active cities of the world. The model is comprised of comprehensive approaches based on multiple perspectives of risk and vulnerability. However, in [40], the proposed model is not sufficient for reflecting the real seismic potential of a city fully because various parameters are not considered such as capacity. However, the parameter capacity is addressed in [41–44] for the earthquake risk assessment based on resiliency parameters. In another study presented in [45], the authors presented a model to assess the factors influencing levels of potential fatalities from various types of natural hazards using the Disaster Risk Index (DRI) to monitor the evolution of risk and also assessing and classifying countries based on high risk. The authors also used GIS to model all four natural hazards, such as floods, earthquakes, cyclones, and droughts, with the population distribution model to extract human exposure. The ML-based framework is proposed to assess and analyze post-earthquake structural safety. In this work, the authors introduced the concept of response and damaged patterns to generate robust data in a systematic way for post-earthquake building analysis. The authors used the incremental dynamic analysis to evaluate the damage capacity of the buildings. The authors used ML techniques to map the patterns to the structural safety state of the building based on defined threshold values.

3  Proposed Earthquake Risk Index Model

This section presents the proposed methodology of the earthquake risk index model. For providing the earthquake risk index, a novel earthquake risk index model is developed to estimate the risk index based on multiple parameters using a gridded map. The following parameters are considered and evaluated to estimate the earthquake risk index, such as earthquake index, danger index, shelter index, and building index. The proposed earthquake RI model is provided through the steps including the collection of earthquake dataset, data preprocessing, modeling risk index based on parameters, and data visualization. The hierarchical architecture of the proposed earthquake RI model is presented in Fig. 1.
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Figure 1: Hierarchical architecture for the proposed earthquake data analysis

The main objective of the proposed model is to assess and estimate the earthquake risk index based on historical data to allow administration and communities to prepare safety measures in advance to prevent damages (e.g., potential fatalities, economic loss, buildings collapse, etc.) caused by the earthquake disasters. It would also allow the administration authorities to estimate emergency shelter requirements in advance, which aims to minimize construction costs and maximize the coverage area to prevent potential fatalities and other damages caused by earthquake disasters. The quantitative gridded map in the study area is also developed to visualize risk zones and also visualize risk index parameters based on risk zones to estimate risk index for each risk zone.

3.1 Data Preprocessing

After the collection of the earthquake dataset, it is required to preprocess the raw dataset into an appropriate form for further processing [46–48]. In this work, we identified and re-moved outliers and other encoded strings to clean the dataset for further processing. We performed the following steps to clean and remove irrelevant data features to increase the reliability of the data set. For the data preprocessing, we removed all irrelevant and static features from the raw data to include only the most promising features of the dataset. We identified and removed duplicate records from the dataset. Also, missing values attributes are identified and used central tendency (mean, median) as a standard measure to fill missing values [49]. All irrelevant and static attributes (features) are removed to reduce processing costs and increase the reliability of the dataset.

Data fusion is an important process to retrieve and combine data from multiple heterogeneous data sources to produce accurate, consistent, and valuable information than that provided by any single data source [50]. The complete integration of the data from different sources provides trusted and unified data. The main objective of the data fusion process is to integrate data from multiple sources to produce consistent and unified data. In this work, we integrated data (data fusion) from multiple sources to increase the accuracy and consistency of the dataset. The following data are integrated, such as earthquake, building, danger, and shelter data, to prepare a unified dataset for further processing. This work focuses on investigating and developing data fusion of features and decision levels for earthquake risk index models.

To select approximate risk zone coordinates, all those earthquake records are removed, which don't have location coordinates values. Finally, the approximate location coordinates are selected to visualize the RI through risk zones based on a developed gridded map.

3.2 Parameters for Risk Index Model

After the preprocessing of the earthquake dataset, it is required to define and analyze RI parameters such as earthquake index, danger index, shelter index, and building index. The proposed earthquake model estimates the RI associated with each parameter according to its high related hazards.

Fig. 2 shows the proposed gridded map for the earthquake risk index that evaluates the risk of a block in the gridded map. The proposed model used the Local province of the Republic of Korea as an example to develop a scenario. Therefore, we develop a quantitative gridded map for the selected area to visualize risk zones and risk index parameters associated with each risk zone on the map. The cartesian coordinates are used to define locations in gridded maps. Gridlines are used to assign a unique number to each grid (location) on a map based on location coordinates. In this work, we developed a gridded map to visualize risk zones and also associated risk index parameters on the map. The following points Pn, Ps, Pw  and Pe   are the edge anchors which represent the location of north, south, west, and east in the experimental area. The latitude and longitude of Pn, Ps, Pw  and Pe   are respectively, (33.15, 126.11), (33.492, 126.11), (33.15, 126.9332) and (33.492, 126.9332).
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Figure 2: Proposed gridded map for earthquake risk index

Eq. (1) presents parameters of scale and indexes for elements of the gridded map. The gridded map is divided into 1000 blocks, which cover the entire experimental area. In vertical, the map is divided into 20 parts and divided into 50 parts in horizontal.

j∈Z,0≤j≤M−1,i∈Z,0≤i≤N−1,M=20,N=50(1)


where j  and i are integers to indicate indexes of P which presents anchors of blocks, M and N are used for defining the scale of the gridded map. Based on M and N, j and i are defined where    j is ranged between 0 to 19 and i is ranged between 0 to 50.

For calculating points of the blocks in the gridded map, P(j,i) is defined in Eq. (2). The anchors of a block are defined in the Eqs. (3)–(6) which are included in the P(j,i).

Pj,i{P1(yj,xi),P2(yj,xi),P3(yj,xi),P4(yj,xi)}(2)

P1(Ps→y+(Pn→y−Ps→y)M×j,Pw→x+(Pe→x−Pw→x)N×i)(3)

P2(Ps→y+(Pn→y−Ps→y)M×(j+1),Pw→x+(Pe→x−Pw→x)N×i)(4)

P3(Ps→y+(Pn→y−Ps→y)M×(j+1),Pw→x+(Pe→x−Pw→x)N×(i+1))(5)

P4(Ps→y+(Pn→y−Ps→y)M×j,Pw→x+(Pe→x−Pw→x)N×(i+1))(6)


where “P1”, “P2”, “P3” and “P4” are corners which are comprised of y and x. The property y presents latitude, and property x presents longitude on the map. For the “P1”, “P2”, “P3” and “P4”, the y is calculated through y of “Ps” and “Pn” with the vertical range M and index j. The x is calculated through x of “Pe” and “Pw” with the horizontal range N and index i.

For calculating the center of a block, “C” is calculated based on P. The center C is defined through Eqs. (7) and (8). Each center of a block is calculated through Eqs. (9) and (10).

Cn,n∈Z,0≤n≤M×N−1(7)

Cj,i(yj,xi)(8)

Cj,i((P1→yj+P2→yj)/2,(P1→xi+P4→xi)/2)(9)

Cj,i(Ps→y+(Pn→y−Ps→y)M×(j+12),Pw→x+(Pe→x−Pw→x)M×(i+12))(10)


where n is an integer and given a value between 0 and M  ×  N−1 to index the C. The C is comprised of y and x which are presents values of latitude and longitude of the center of a block. The C is defined by the anchor points of a block that is centered by the C. The final formula of the latitude is Ps→y+(Pn→y  −Ps→y)M  ×(j+12) and longitude is Pw→x+(Pe→x  −Pw→x)M  ×(i+12) for the C(j,i) which is the center of  P(j,i).

Fig. 3 depicts the risk index model structure. The risk index model structure consists of the following four indexes, such as earthquake index, danger index, shelter index, and building index. The earthquake index model is used to define earthquake index based on the following two parameters, such as earthquake level and C(j,i). Whereas; earthquake level represents the magnitude of the earthquake and C(j,i) represent the total number of dangerous locations. The danger index model is used to define the danger index based on the total number of dangerous locations to prevent extreme earthquake occurrences, which caused tremendous property damage, loss of life, and injuries can be mapped in advance. The Shelter index model defines the shelter index to analyze shelter demands in advance to prevent earthquake disasters. The shelter index model uses the following parameters, such as shelter area, shelter capacity, and P(j,i) to define the shelter index. The Building index model is used to define a building index using the following parameters, such as building coordinates (latitude and longitude), building area, and the total capacity of the building.
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Figure 3: Proposed risk index model structure

For calculating risk index multiple elements including earthquake, danger, shelter, and building, Eqs. (11)–(15), are proposed based on parameters of proposed elements.

Eq. (11) is used for calculating earthquake index where the location of the earthquake and block centers are used with the level of earthquake. Earthquake Index is calculated as the sum of distance and seismic intensity from one point to several earthquake points near Local Island. Here, the earthquake index is inversely proportional to the distance to the earthquake location and is directly proportional to the seismic intensity. The higher level of the earthquake and the smaller distance of block center and earthquake locations affect the earthquake index to be increased. Therefore, the equation of earthquake index is defined through the divine of earthquake level and distance. The total sum of the divined values is given to the earthquake index of a block.

EarthquakeIndex=∑k=1CountofEarthquake(Eq)Points⁡(EarthquakeLevel1+(C→y−Eqk→y)2+(C→x−Eqk→x)2)(11)

Eq. (12) is used for calculating the danger index that is given by the count of danger locations. The Danger Index is the number of risk points included in a particular area. Here, the more risk points included within a zone, the larger the risk index and the smaller each risk. Here, the danger point refers to a place to be a risk factor in case of an earthquake such as an LPG dealer, a gas station, or a hazardous substance office, and the raw data of the risk point index is converted into a value between 0 and 1 through normalization.

DangerIndex=CountofDangerLocations(12)

Eq. (13) is used for calculating the shelter index which is given by the total sum of area and capacity. The Shelter Index is calculated by summing the total area and capacity of all shelters contained within a specific area. The area and capacity of the shelter are proportional to the shelter index, and the raw data of the shelter index are converted from 0 to 1 through normalization.

ShelterIndex=CountofShelterLocations(13)

Eq. (14) is used for calculating the building index, which is derived by summing up the total area of the evaluable buildings and the capacity of human resources in the event of an earthquake within a certain area. Here, the area of the evacuated building and the number of people is proportional to the evacuated building index, and the raw data of the evacuated building index are converted from 0 to 1 through normalization.

BuildingIndex=∑k=1CountofBuildingPoints⁡(Areak+Capacityk)(14)

Eq. (15) is used for calculating the risk index that is comprised of indexes of earthquake, danger, shelter, and building. The earthquake risk index can be calculated by adding the earthquake index and the risk point index, which are negative factors to the earthquake, and then adding the positive shelter index and the evacuation building index. The larger the earthquake risk index, the higher the risk of an earthquake, and the lower, the lower the earthquake risk. Therefore, for the safety of citizens in the event of an earthquake, it is possible to determine whether to add evacuation in a specific area through the earthquake risk index. The higher values of earthquake and danger indexes affect the risk index to be increased. Instead, higher values of shelter and building indexes affect the risk index to be decreased.

RiskIndex=EarthquakeIndex×α+DangerIndex×β−ShelterIndex×γ−−BuildingIndex×δ(15)

4  Data Presentation of Parameters

This section presents data processing and presentation phases. For developing earthquake risk index model, we collected the earthquake dataset from the Local province, the Republic of Korea. The following dataset contains earthquake data from 2000 to 2019. The map is processed into a grided map that include blocks to represent the locations. Each block center is comprised of location coordinates, such as latitude and longitude. The location coordinates are used to represents each defined block center in the gridded map. The block centers are used along with earthquake levels to calculate the earthquake index. The location coordinates are also used to calculate the distance between defined block centers. A block with a small distance can affect the earthquake index to be increased.

Fig. 4 presents coordinates data of earthquake locations. The earthquake and center of the block are defined based on location coordinates, such as latitude and longitude. The red circle indicates the location of the earthquake, and the black circle indicates the center of the block. It can be observed that earthquake locations have the highest frequency in the selected area. Both locations of earthquake and center of block values are used to calculate earthquake index. The earthquake locations and smaller distance of the center of the block affect the earthquake index to be increased. The earthquake level (magnitude scale) is defined based on two different criteria, such as potential fatalities and economic loss. In this work, the following statistical measures are used, such as minimum, maximum, and average. The minimum level of the earthquake for the proposed earthquake risk index is 1.1, and the maximum level of the earthquake is 5.8. In our collected dataset, the average value of the earthquake level is 2.6.

Fig. 5 presents coordinates data of dangerous locations. Each danger location is defined based on location coordinates. The dot is used to represents the center of the block. The danger index is calculated by counting all danger locations in the selected area. The overall count of the danger locations in the selected area leads to calculating the danger index to prevent future earthquake disasters in advance.
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Figure 4: Coordinates data of earthquake locations
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Figure 5: Coordinates data of dangerous locations

Fig. 6 presents the coordinates data of shelter locations. Each shelter location is visualized based on the location coordinates, such as latitude and longitude. The higher values of the shelter index affect the overall risk index to be decreased. In the shelter area dataset, the minimum value of the shelter area is 500-meter square, and the maximum value is 485,643-meter square. The average value of the shelter area is 18,408-meter square. These values are used to provide a statistical representation of the shelter area values, which can help in a better understanding of the dataset. We identified and removed all outliers from the dataset for increasing the reliability of the dataset. Based on statistical measures, it is found that the minimum, maximum, and average values of the shelter area are 500-meter square, 50000-meter square, and 10,868-meter square, respectively. These values are used to provide a statistical representation of the shelter area values, which can help in a better understanding of the raw and preprocessed dataset. The shelter capacity is defined according to the total area occupied by the population. The presented statistical measures are utilized, such as minimum, maximum, and average. The minimum, maximum, and average values of shelter capacity are 152, 147165, and 5577, respectively. The shelter capacity is defined according to the total area occupied by the population. In this work, we used statistical measures to analyze shelter capacity values based on preprocessed data for removing outliers from the data. The minimum, maximum, and average values of the shelter capacity are 152, 15152, and 3293, respectively.
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Figure 6: Coordinates data of shelter locations

Fig. 7 presents the coordinates data of building locations. Each building location is visualized based on the location coordinates, such as latitude and longitude. The higher values of the building index effect and decrease the overall risk index. In our collected dataset, the minimum, maximum, and average values of the building area are 132, 1962, and 638-meter square, respectively. The building capacity values are defined based on the total number of people. Based on statistical analysis, it is found that the minimum, maximum, and average values of the building capacity are 40, 594, and 197, respectively.
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Figure 7: Coordinates data of building locations

5  Implementation and Experimental Results

This section presents experimental results, experimental and implementation environment for the proposed earthquake risk index model. We performed different analyses on the earthquake dataset to analyze and estimate the risk index to prevent the earthquake disaster. The real dataset is considered and examined to estimate the risk index based on multiple parameters using the gridded map to visualize each location with associated risk. The following risk index model parameters are evaluated based on the historical earthquake data, such as earthquake index, danger index, shelter index, and building index. Based on these parameters, we calculated the risk index in advance to ensure safety measures to prevent future earthquake disasters.

Each earthquake-affected location of the selected area is visualized on Google map using location coordinates, such as latitude and longitude. All these locations are classified and categorized into three different groups based on the earthquake frequency (total number of occurrences), such as the most dangerous, medium, and low. It can be observed that the most dangerous locations and their associated frequency are highlighted with the red marker, while the yellow marker indicates the medium level of the earthquake locations and their respective frequency values. All the nearby earthquake locations of the selected city are marked according to the risk associated with them. It can be seen that most earthquake locations are situated in the nearby ocean.

For providing the risk index, a gridded map is presented for the selected city to visualize risk zones based on location coordinates, such as latitude and longitude. Fig. 8 presents the implementation result of risk zones based on a gridded map. The developed gridded map consists of 1000 grids, where each grid represents a risk zone location and also risk parameters (such as earthquake risk, danger risk, building, and shelter risk) associated with it. It can be very useful for earthquake management to analyze and visualize risk parameters associated with each grid (a location) to ensure safety measures to prevent future earthquake disasters. The seismic risk index ranges from −0.8 to 1.33 in a total of 1000 small districts of 20x50 on the map. The top six earthquake risk areas are among the center of the map and right-side areas.
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Figure 8: Implementation result of risk zones based on a gridded map

The EI is used to assess the risk index of earthquake occurrence based on previous data of the particular area. We defined EI to assess earthquake occurrences based on historical data of the local province for ensuring safety measures in advance. Fig. 9 presents the experimental results of the earthquake index. It can be observed that the EI value for each sequence number has greater than 725. As the sequence number increases, the value of the EI also increases. There is a strong relationship exists between sequence numbers and EI values.

The DI is developed to assess the extreme earthquake occurrences that caused tremendous damage, potential fatalities, and building collapse can be mapped ahead of time, which allows communities to prepare for potentially dangerous conditions. Fig. 10 presents the experimental results of the DI. The DI is defined as the overall count of the dangerous locations in the selected area. It can be observed that some sequence numbers have the highest DI value as compared to others. The higher values of the DI affect the risk index to be increased.
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Figure 9: Experimental results of earthquake index (EI)
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Figure 10: Experimental results of danger index (DI)

The SI is used to assess the requirements of shelters provided by the government. Fig. 11 presents the experimental results of the SI. The SI is defined based on the following two parameters, such as area and capacity. The higher values of the shelter index affect the risk index to be decreased.
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Figure 11: Experimental results of the shelter index (SI)

The building index is defined to assess the damage capacity of the buildings caused by earthquake disasters to estimate economic loss and shelter capacity to prevent earthquake disasters. Fig. 12 presents the experimental results of the BI. The higher values of the BI affect the risk index to be decreased. The smaller values of the BI effect and increase the risk index.
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Figure 12: Experimental results of building index (BI)

Fig. 13 describes the experimental results of the RI. The proposed approach estimates the risk index based on all four defined parameters. It can be seen that the risk index value is very low for the initial sequence numbers. It can also be observed that some sequence numbers, such as 528th to 559th, have higher values of the risk index. Based on risk index results, administration authorities can plan and ensure safety measures to prevent damages caused by the earthquake. The higher value of the risk index is expected to require additional shelter as compared to the smaller value of the risk index. The higher value of the risk index alarmed the administration and local population to ensure safety measures in advance to prevent future damages caused by the natural phenomena. The risk index can be utilized to plan and optimize emergency shelter requirements to facilitates the affected population effectively.
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Figure 13: Experimental results of the risk index (RI)

6  Conclusions and Future Directions

This paper proposes a novel earthquake risk index model for estimating risk index based on multiple parameters, such as earthquake index, danger index, shelter index, and building index using a gridded map. This work used and analyzed a real earthquake dataset of the Jeju island, the Republic of Korea, to estimate the earthquake risk index to help government authorities and local communities to ensure safety measures to prevent future earthquake disasters. In this paper, we also developed a gridded map to visualize risk zones and risk index parameters associated with each risk zone. Based on analysis results, it is found that a higher level of the earthquake, a smaller distance of block center and earthquake locations affect the earthquake index to be increased. It is also found that higher values of earthquake and danger indexes affect the risk index to be increased. Whereas; higher values of shelter and building indexes affect the risk index to be decreased. The higher value of the risk index alarmed the administration and local population to ensure safety measures to prevent earthquake disasters. The proposed model allows the meteorological administration to plan shelter requirements and other safety measures to prevent earthquake disasters. It also helps visitors to identify all risky locations in advance using tremendous damage caused by the earthquake in the past.

As the future directions, the performance of the proposed model can be enhanced by considering more datasets and features. This work can be extended by integrating machine learning techniques to predict the future occurrences of the earthquake to plan safety measures to prevent earthquake disasters. We consider deep learning approaches to derive the risk index for satisfying the shelter demands to prevent future earthquake disasters.
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