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            Abstract
          
        

        
          
            Purpose:
            In declining cities, it is vulnerable to disaster risks due to the complex reasons such as aging of the buildings, decreases in population and slowly development of infrastructure. When making regeneration plans for declining areas, it is necessary to analyze and predict disaster risks. Therefore, this paper aims to predict the potentials of disaster risks in small-scale declining areas in cities that show risks in the future.

          

          
            Method:
            This study predicts potential of disaster risk by using cellular automata. By simulating the heavy rainfall disaster using RCP scenarios, 10-year unit change simulation results for heavy rainfall disaster risk are acquired. After simulating disasters that affect to the heavy rainfall disaster, we applied cellular automata to obtain a 10-year unit disaster risk potential.

          

          
            Result:
            By considering the yearly change values of disaster risk elements in small-scale urban regeneration regions, this study suggests a prediction method of disaster risk potential simulation for heavy rainfall. Our research contributes to the analysis and forecasting of disaster risks in aging small declining areas settings. We expect that the suggested model would be helpful to identify disaster risks and prioritize urgent areas in small decline cities in the future.
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      1. Introduction
      In declining cities, social, economic, and environmental status are changing [1]. When cities are declining, many residents have limited resources and public infrastructure becomes vulnerable [2]. When developing regeneration plans, it is important to analyze current conditions and predict changes in the future. In particular, various studies about analysis and prediction of disaster risks in declining urban areas have steadily increased. We also previously developed disaster risk assessment framework and analyzed disaster risks in small urban areas [3] although other studies usually analyze and predict disaster risk on macro-scale. However, since those previous studies focus on analyzing current status, it is also necessary to predict disaster risks in the future to establish appropriate plans. Therefore, this study aims to predict a change in disaster risk changes by simulating multiple scenarios and use grid-based cellular automata to predict the potential of disaster risks. Based on RCP (representative concentration pathway) scenarios which are climate changes by setting the greenhouse gas emission values and changes in urban planning factors, we seek to simulate disaster risk changes of heavy rainfall in scoring the yearly changed values for 10-year period. When simulating the results of disaster risks, we seek to apply grid based cellular automata to predict potential of heavy rainfall disaster risk. As a result, this study seeks to demonstrate the predicted potential ratings into a grid that represents the target area with heavy rainfall risk. The rainfall disaster risk potential ranks are visualized with images to identify the range of the predictive risk potential.

    

    

  
    
      2. Literature Review
      In urban declining areas, it is vulnerable to various disasters due to a decrease in population and aging of the facilities [4]. It is an important step to analyze and predict disaster risks. Existing studies about disaster risk analysis mainly focused on administrative district units in a relatively large area. Kim and Kim [5] evaluated the vulnerability of disaster at the city level based on the concept of climate change vulnerability. Lim et al. [6] quantified and evaluated the comprehensive disaster diagnosis index for declining areas by city level. Similarly, the comparison and analysis of disaster risks showed that various comparative analysis mainly focused on the national level or city, county, and district levels [7][8].

      Existing studies about predicting disaster risks mainly used several scenarios. Ye et al. [9] established the loss model of disaster risk by simulating a representative natural disaster risk scenario in the landscape area and predicted the average annual loss. Yin et al. [10] simulated the flooded area and the depth of the city with a scenario modeling based on a GIS (geographic information system) approach.

      Additionally, existing studies mainly used scenarios for various regions and conducted a wide range of predictions suitable for regional situations. They sometimes used climate change scenario such as RCP scenarios to make predictions of disaster risks. Lee et al. [11] evaluated the hydrological risk of flood disasters according to 13 climate change scenarios using the designed flood prediction model. Ahn et al. [12] applied the RCP scenario to predict future heavy snowfall and evaluate vulnerable areas.

      Two major limitations exist in those existing studies; 1) their risk prediction mainly focused on macro-scale area and rarely analyzed small areas; 2) since they mainly focused on a large area, it was difficult to identify significant factors in a small area to predict changes in future.

      Therefore, we seek to apply climate change scenarios to disaster prediction in small areas and predict the potential of small grid-based disaster risks. To predict the potential of small grid-based regions, we use cellular automata. Cellular automata was mainly used in studies about urban sprawl or urban growth simulation. After classifying the measurement and type of urban sprawl by period using the cellular automata model, relevant studies analyzed spatiotemporal changes in urban areas [13], and urban growth simulations were also popular by combining machine learning and cellular automata models [14]. By combining spatial analysis and data preparation of change in the future, this study seeks to suggest a method to predict potential of disaster risks in a small declining urban area.

    

    

  
    
      3. Methods
      
        3.1. Research Sites and Data Collecting
        In our previous work [3], we selected three sites for risk assessment. Fig. 1. shows the three sites. The three sites are Daegu, Mokpo, and Seosan. Based on the physical, social and economic degradation of three areas, urban regeneration projects are in processing for those areas [3]. We used four risk indicators of heavy rainfall for each factor. An experiment was conducted in three regions to predict the heavy rainfall risk potential by using the risk analysis results, and the results of predicting the potentials of heavy rain risk in each region were obtained. Fig. 2. shows the research process.
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            Heavy Rainfall Risk Assessment
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            Research Process
          
          

          

        

      

      
        3.2. Risk Simulation by using RCP Scenarios
        To predict future risk potential, this study follows three steps: data collection of current values, data generation of future values, and calculation of future risk potential. To begin with, relevant indicators were selected because those indicators with a value vary over time from 12 risk indicators. In Table 2., hazard and exposure indicators were generated every 10 year to predict changes in disaster risk. To generate relevant indicators every 10 year, the RCP scenarios and changeable factors were used. We utilized the RCP scenario to simulate how disaster risk shifts in small declining areas. The changes in indicators according to the RCP scenario was obtained from the government data that used the most recent greenhouse gas concentration figures from the 5th evaluation report to calculate the climate scenario [15].

        The RCP scenario, which was derived from the IPCC's RCP scenario and adjusted for the Korean context, was used in this study. The representative climate change scenario, the RCP scenario, includes four scenarios. Table 1. shows the descriptions of each scenario. Among them, we chose two RCP scenarios of RCP 4.5 and 8.5 to simulate and predict disaster risks. We simulated hazard factors of heavy rainfall disaster risks by estimating precipitation data according to the RCP scenario by year. We estimated changeable value by year calculated by setting the criteria for the population of vulnerable class trend change and building age (Fig. 3.). The two indicators of exposure factors are indicators that affect built environments and have a 10-year change value.

        
          Table 1. 
				
          

          
            RCP Scenarios Description [16]
          
          

        

        
          
            
              	Scenarios
              	Description
            

          
          
            	RCP 2.6
            	Immediate GHG reduction
(CO2 Concentration 2100 Year: 420ppm)
          

          
            	RCP 4.5
            	Significant realization of GHG reduction
(CO2 Concentration 2100 Year: 540ppm)
          

          
            	RCP 6.0
            	Stabilization of GHG reduction
(CO2 Concentration 2100 Year: 670ppm)
          

          
            	RCP 8.5
            	GHG emission according to current trend
(CO2 Concentration 2100 Year: 940ppm)
          

        

        

        
          Table 2. 
				
          

          
            Risk Indicators for Heavy Rainfall Risk Assessment [3]
          
          

        

        
          
            
              	Factor
              	Rainfall Risk Indicator
            

          
          
            	
              Hazard
            
            	
              H
              1
              : Average Daily Precipitation
              H
              2
              : The maximum annual precipitation per hour Hourly Maximum Precipitation
              H
              3
              : Number of heavy rainfall warnings per decade
            
          

          
            	
              Exposure
            
            	E1: Population of Vulnerable ClassE2: Area of Semi-underground Residence
E3: Building Age (Year)
          

          
            	Vulnerability
            	V1: Impermeability of urban space
V2: Slope of Road (DSM)
V3: Elevation
          

          
            	Management
            	M1: Distance from Drainage Pump
M2: Distance from Trench
M3: Water Facility Existence at Building
          

        

        

      

      
        3.3. Risk Potential Prediction using Cellular Automata
        We calculated the disaster risk potential by adopting the land conversion potential in the cellular automata. Like land conversion potential, disaster risk values that can affect potential were required to obtain disaster risk potential. By applying the 10m grid-based risk assessment, we obtained other five disaster risk results. Five disasters were collapse, fire, snow, heatwave, and wind. When obtaining the results, we conducted a correlation analysis. Heatwave and wind were positively correlated with heavy rainfall disasters (Fig. 4.). When setting neighborhood filters to obtain the risk potential, we performed automated rule detection [17] to set the appropriate neighborhood size and filter values. As a result of the automated rule detection, we obtained the range of 10 m filter and the values, which are an appropriate size of the neighborhood (Fig. 5.).
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            Simulated Results of Building Age (10-year Unit)
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            Graph of Correlation Analysis
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            Setting Neighborhood Filter
          
          

          

        

      

    

    

  
    
      4. Results
      With simulated results of disaster risks and influential neighborhood filters using cellular automata, and calculated the risk potential (RP) of heavy rainfall risk. We got the change values of simulated results for each influenced disaster risk on heavy rainfall risk and the values were multiplied with neighborhood value (N). (Eq. (1)). Therefore, we calculated the risk potential for heavy rainfall every 10 year, 2030, 2040 and 2050.
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      By comparing the results of the heavy rainfall disaster risk analysis in 2020 with the risk potential of 10 years unit until 2050 according to the RCP 4.5 and 8.5, it is found that risk would become more severe. Fig. 6. illustrates the potential for heavy rain risk in Daegu in 10-year units, respectively, according to the RCP scenarios. According to the result by the RCP 4.5 scenario, the risk area is slightly wider than the existing risk area and the range is gradually expanded. According to the result by the RCP 8.5 scenario, the risk area is expanded, and the risk potential of disaster becomes more severe in 2050 due to the influence of precipitation in the 8.5 scenario.

      
        
        

        Fig. 6. 
				
        

        
          Heavy Rainfall Risk Potential (Daegu, Up-RCP 4.5, Down-RCP 8.5)
        
        

        

      

      According to the results in Mokpo in Fig. 7., the potential for heavy rain risk gradually increases year by year. In both 4.5 and 8.5 scenarios, the risk potential increases to a wide range around existing risk areas, and by 2050, the degree of risk also increases significantly.

      
        
        

        Fig. 7. 
				
        

        
          Heavy Rainfall Risk Potential (Mokpo, Up-RCP 4.5, Down-RCP 8.5)
        
        

        

      

      According to the results in the Seosan area in Fig. 8., both the RCP 4.5 and 8.5 scenarios gradually expand their risk potential range, and the degree of risk increases over time every 10 years. In particular, a field survey photo of Area A and Area B in Mokpo of Fig. 9. demonstrate that the risk range can increase and the degree can increase in the area with a high risk of existing disasters as the building ages and the influence of other disaster risk increases.
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          Heavy Rainfall Risk Potential (Seosan, Up-RCP 4.5, Down-RCP 8.5)
        
        

        

      

      
        
        

        Fig. 9. 
				
        

        
          Comparison of High Potential of Heavy Rainfall Area in Mokpo
        
        

        

      

      Thus, these findings demonstrate the potential of disaster risk for specific areas in small declining cities. In particular, theses results demonstrate that it is necessary to establish appropriate plans such as the expansion of reduction facilities and equipment for high disaster risk areas preparing for climate change.

    

    

  
    
      5. Discussion
      In this study, we predicted the potential for heavy rainfall disaster risk. According to the results, it is found that the risk potential gradually widens and expands on those small declining areas in the cases. Potential ranks help visualized potential risks to develop appropriate planning approaches in small-scale declining areas for preparing disasters. Eventually, we developed a novel method for predicting the long-term risk of disasters specific to small areas and demonstrate the changes in disaster risk by spatial unit and disaster type. In addition, according to the results, it is possible to prepare a strategy for reducing disasters from a mid-term to long-term perspective and establish an appropriate urban management system for urban regeneration areas. In particular, this study sought to develop a method to predict disaster potential in small declining areas in the future. The developed model in this study is expected to be useful to establish more specific plans by using the analysis and prediction results of small areas, and helpful to make plans in consideration of various scenarios and impacts by predicting the potential influence of disasters.

    

    

  
    
      6. Conclusion
      This study predicted the risk potential for heavy rainfall disasters in small declining areas. Based on the risk assessment results, we developed a potential prediction model by using cellular automata to find the disasters that are mutually influential. After conducting a disaster risk analysis,	the potential were calculated by cellular automata based on the correlation between other disaster risks. As a result, we demonstrated the potential prediction results in the small declining area, which helps establish countermeasures to prepare for disaster risk. Further studies are expected to conduct by using the results. In addition to the heavy rain potential prediction results, it is possible to predict the risk potential for various disasters and to provide technical support and disaster prevention products for small areas.
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