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            Abstract
          
        

        
          
            Purpose:
            Declining cities are vulnerable to disasters due to a decrease in population, a decrease in the number of businesses, and the aging of buildings. Residents of declining areas are susceptible to disaster risks, and from an urban planning perspective, it is necessary to identify various disaster risks before establishing regeneration plans for declining areas in various cities. Thus, this paper aims to analyze the risk of disasters in small-scale declining areas in cities that reflect the weights for each disaster risk indicator.

          

          
            Method:
            This study calculates disaster risk according to the IPCC disaster risk assessment framework. Based on field surveys and spatial statistics, the collected data are integrated into the grid according to the small-scale declining area to classify the grades and obtain risk scores. Next, after evaluating the importance of each risk indicator through expert advice, the disaster risk is analyzed by assigning weights using AHP analysis. In the developed model, a disaster risk analysis was conducted using weights for each disaster risk factor.

          

          
            Result:
            As a result, the quantified evaluation results were displayed in a 10 m grid for each city. The results of considering the weights for each risk indicator were obtained, and the risk of heavy rainfall and snow disasters specific to each region were obtained. It is expected to use the developed methods in this study as a disaster risk analysis for a small declining area in a city.
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      1. Introduction
      A declining city is an area that is physically and economically lagging and in decline [1]. These cities may be exposed to various risks due to population decline and lack of social infrastructure and are vulnerable to disasters [2].

      It is important to analyze disaster risk from a planning perspective because cities exposed to disasters experience setbacks in urban regeneration and planning. Research on disaster risk analysis has been steadily progressing ever since. In 2014, the Intergovernmental Panel on Climate Change (IPCC) in the United Nations proposed a disaster assessment framework model to evaluate the sustainability of urban spaces regarding climate change [3]. This evaluation model was used when analyzing a macroscale urban area. In the past, disaster risk was analyzed by city, county, and local administrative districts, e.g. gu units in Korea, but it is difficult to understand disaster risk for specific areas within the city in the analysis of an entire city [4]. In particular, it can be of great help in terms of urban regeneration and urban planning if the risk of disasters in these small declining areas is identified first.

      This paper aims to develop an evaluation model for heavy rainfall and snow disaster risk analysis for a small declining area in urban areas. Based on the IPCC evaluation framework and existing studies [3, 5], disaster risk indices were collected, weights were calculated through the analytic hierarchy process (AHP) analysis after consulting with experts, and disaster risk analysis was performed for declining areas. The risk assessment of the research site is expressed in the form of numerical scores calculated using the developed model. Subsequently, the scores are allocated onto a grid representing the target area with risk assessment. Finally, the heavy rainfall and snow disaster risk scores are visualized using an image.

    

    

  
    
      2. Literature Review
      Urban decline due to high unemployment and poverty, housing degradation, and urban infrastructure decay is characterized as the geographical concentration of social, economic, and environmental issues in major cities [6]. The term "urban decline" refers to an urban transition that includes population and employment losses, social isolation, deprivation, and, in some cases, physical degradation [7]. Since urban decline makes the city physically and economically vulnerable, disasters can have a significant impact on the whole city.

      The IPCC suggested a framework for disaster vulnerability in 2014 [3]. This framework has presented a risk assessment framework model including social factors. Wang et al. [8] and Visser et al. [9] used the risk assessment framework model to analyze disaster impacts, vulnerability and climate change. The Ministry of Land, Infrastructure and Transport (MLIT) in South Korea also used the IPCC framework for disaster risk assessment in the urban planning process. By analyzing the current and future vulnerabilities, a comprehensive urban disaster vulnerability framework and indicators for the disaster analysis of the entire city were presented [10]. Existing disaster risk studies mainly analyzed the entire city in a macroscale. Lee et al. [11] compared vulnerability analysis and risk assessment methods for flood disasters by comparing yearly results. Disaster vulnerability factors were compared and analyzed focusing mainly on vulnerability, targeting the whole country [12], and potential risks were analyzed using regional heavy snow characteristics. [13]. Won et al. [14] analyzed the factors for the occurrence of heat-related diseases in declining cities and examined the factors of heat wave disasters vulnerabilities to climate change.

      Previous studies focusing on declining areas and urban regeneration analyzed vulnerable areas to cope with climate change from the perspective of urban regeneration. Jang and Kim [15] proposed that urban regeneration considering a green community helps resolve complicate urban programs in urban decline and climate change. Park et al. [16] analyzed safety vulnerabilities by selectively applying disaster risks and safety indicators. Yu and Yeo [17] selected climate and energy indicators for responding to climate change in addition to indicators such as population and economic factors for selecting urban regeneration activation areas. While those previous studies focused on wide, large areas, Park et al. [5] analyzed the risk of heavy rain for declining areas at the microscale. However, because weights were not considered when performing the risk analysis, it was hard to apply by other regions.

      Therefore, this study seeks to develop a risk assessment method to analyze a declining small area that is more critical to those who live there by risk assessment criteria with appropriate weights.

    

    

  
    
      3. Methods
      
        3.1. Research Site
        The research sites are the small districts of three declining cities. The three sites have been designated as an urban regeneration area by the Ministry of Land, Infrastructure and Transport in South Korea. The three regions are a) Indongchon Maeul in Daegu Metropolitan City, b) Manho-dong area in Mokpo City, and c) Yangyujeong Maeul in Seosan City (Fig. 1.). Three areas were selected for the implementation of urban regeneration projects based on physical as well as social and economic decline [18].

        
          
          

          Fig. 1. 
				
          

          
            Research Sites (a, b, c)
          
          

          

        

        In the three regions, there were social declines, such as a decrease in population and in the number of businesses. Additionally, we determined that there was deterioration in the buildings and facilities, as shown in Fig. 2.

        
          
          

          Fig. 2. 
				
          

          
            Buildings and Facilities of Manhodong, Mokpo-si
          
          

          

        

      

      
        3.2. Data Collecting
        In this study, risk assessment factors were classified based on the IPCC disaster risk assessment framework [3]. There are four risk assessment factors: 1) hazard, 2) exposure, 3) vulnerability, and 4) management [3]. Next, three indicators were selected for each risk assessment factor based on the Ministry of Land, Infrastructure and Transport's disaster vulnerability assessment criteria, related works, and a field survey of the research area in accordance with the disaster risk analysis and evaluation of small-scale declining areas (Table 1.). Each risk factor referred to the existing statistical and spatial data and on-site investigations in consideration of its specificity so that it can be used appropriately for disaster risk assessment in small-scale declining areas, and is optimized for the situation of the study site. The rainfall risk indicators were based on a previous study [5], and we considered the heavy snow risk indicators for the distinct characteristics of the research area.

        
          Table 1. 
				
          

          
            Risk Indicators for Heavy Rainfall and Snow Assessment
          
          

        

        
          
            
              	Factor
              	Heavy Rainfall Risk Indicator
            

          
          
            	Hazard
            	H1: Daily Precipitation [19]1)H2: Hourly Maximum Precipitation [19]1)H3: Number of Heavy Rainfall Warning [19]1)
          

          
            	Exposure
            	E1: Population of Vulnerable Class (6 years old or younger to 65 years old or older) [20]1),2)E2: Area of Semi-underground Residence [20]1),2)E3: Building Age (Year) [20]2)
          

          
            	Vulnerability
            	V1: Impermeability of urban space [21]2)V2: Slope of Road (DSM) [20]2)V3: Elevation [22]2)
          

          
            	Management
            	M1: Distance from Drainage Pump [23]2),3)M2: Distance from Trench3),4)M3: Water Facility Existence at Building3),4)
          

          
            	Factor
            	Heavy Snow Risk Indicator
          

          
            	Hazard
            	H1: Daily Amount of Snowfall [19]1)H2: Average of Annual Snowfall (>=5cm) [19]1)H3: Number of Cold Wave Watch Warning [19]1)
          

          
            	Exposure
            	E1: Population of the Area [20]1),2)E2: Population of Vulnerable Class [20]1),2)E3: Building Age (Year) [20]2)
          

          
            	Vulnerability
            	V1: Slope of Road (DSM) [20]2)V2: Structure Types of Buildings [20]2)V3: Road Accessibility [20]2)
          

          
            	Management
            	M1: Distance from Snow Removal Base [24]2),3)M2: Distance from Calcium chloride Storage Box3),4)M3: Shadow Area by Amount of sunshine / Sunshine Radiation Quantity3)
          

        

        
          
            1) Statistical Data-Based Processing
          

          
            2) Spatial Data-Based Processing
          

          
            3) Self Development
          

          
            4) On-Field Survey
          

        

        

      

      
        3.3 Risk Assessment
        In this study, risk indicators of disaster were collected based on a 1 m grid. The collected risk indicators are scored in 10 levels from 0.1 to 1.0. Additionally, in the case of the hazard factor, which has different data with values by month, five years of data were collected. After collecting the raw data, we scored 10 levels from 0.1 to 1.0 and classified them based on the maximum and minimum values of five years of data. Next, the score was calculated as a five-year average value after the corresponding score was assigned to each monthly risk indicator [5].

        Additionally, other indicators of each risk assessment factor were calculated at equal intervals following a linear classification by deriving maximum and minimum values, and then scores for each evaluation factor were integrated into a 10 m grid to divide the scores into 10 levels (Fig. 3.). Fig. 4. shows an example of 10-level score division process using building age (year) data of heavy rainfall exposure factor. After the processes of scoring and integration, we can get 10 m grid scoring result. Fig. 5. shows the example result of the rainfall indicator building age (year) on a 10 m grid of Daegu.

        
          
          

          Fig. 3. 
				
          

          
            Risk Assessment Scoring Process
          
          

          

        

        
          
          

          Fig. 4. 
				
          

          
            Example of Score Classification with Risk Indicators Data
          
          

          

        

        
          
          

          Fig. 5. 
				
          

          
            Building age (year) Scoring on 10m grid of Daegu
          
          

          

        

      

      
        3.4 AHP Weight Analysis
        In this study, AHP analysis was conducted by expert advice for a precise and regionally specific disaster risk analysis. AHP analysis is a technique for selecting alternatives by setting criteria and comparing alternatives by criteria [25]. As an evaluation scale for pair comparison, [How important is Item B based on Item A?] or [How important is Item A is based on Item B?] was evaluated according to a 9-point scale (Fig. 6.). The reason for using the AHP analysis was to reflect the opinions of experts to perform a more precise and regionally specific disaster risk assessment index by assigning weights to each index within the element.

        
          
          

          Fig. 6. 
				
          

          
            AHP Evaluation Scale
          
          

          

        

        A survey was conducted with 10 experts, and the scored survey results were digitized using Python. The result is obtained as a numerical value that can be applied as a weight to the formula to calculate the risk. Table 2. shows the numerical values of weights.

        
          Table 2. 
				
          

          
            AHP Weights of Indicators for Heavy Rainfall and Snow
          
          

        

        
          
            
              	Factor
              	Heavy Rainfall Risk Indicator AHP Weight
            

          
          
            	Hazard
            	WH1: Daily Precipitation
            	WH2: Hourly Maximum Precipitation
            	WH3: Number of Heavy Rainfall Warning
          

          
            	0.10454389
            	0.56353642
            	0.3319197
          

          
            	Exposure
            	WE1: Population of Vulnerable Class
            	WE2: Area of Semi-underground Residence
            	WE3: Building Age (Year)
          

          
            	0.40709839
            	0.30483895
            	0.28806267
          

          
            	Vulnerability
            	WV1: Impermeability of urban space
            	WV2: Slope of Road (DSM)
            	WV3: Elevation
          

          
            	0.53036934
            	0.27429871
            	0.19533194
          

          
            	Management
            	WM1: Distance from Drainage Pump
            	WM2: Distance from Trench
            	WM3: Water Channel (Facility) Existence at Building
          

          
            	0.46773961
            	0.26212639
            	0.270134
          

          
            	Factor
            	Heavy Snow Risk Indicator AHP Weight
          

          
            	Hazard
            	WH1: Daily Amount of Snowfall
            	WH1: Average of Annual Snowfall(5cm or More)
            	WH3: Number of Cold Wave Watch Warning
          

          
            	0.41084389
            	0.43716072
            	0.15199539
          

          
            	Exposure
            	WE1: Population of the Area
            	WE2: Population of Vulnerable Class
            	WE3: Building Age(Year)
          

          
            	0.16425738
            	0.30000938
            	0.53573325
          

          
            	Vulnerability
            	WV1: Slope of Road(DSM)
            	WV2: Structure Types of Buildings
            	WV2: Road Accessibility
          

          
            	0.45211154
            	0.30782338
            	0.24006508
          

          
            	Management
            	WM1: Distance from Snow Removal Base
            	WM2: Distance from Calcium chloride Storage Box
            	WM2: Shadow Area by Amount of sunshine / Sunshine Radiation Quantity
          

          
            	0.18495777
            	0.35303477
            	0.46200746
          

        

        

      

    

    

  
    
      4. Results
      Based on a previous research [5], we obtained the sum of the values of each risk factor scored on a 10 m grid(Hi, Ei, Vi and Mi). Next, the values were multiplied by the AHP weight value(WHi, WEi, WVi and WMi) and applied to the IPCC disaster risk assessment framework model to calculate the total disaster risks (Eq. 1).
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      As a result, we obtain the risk assessment score models of heavy rainfall Fig. 7. shows the heavy rainfall risk score, and Fig. 8. shows the heavy snow risk score for each research site.

      
        
        

        Fig. 7. 
				
        

        
          Heavy Rainfall Risk Assessment (July)
        
        

        

      

      
        
        

        Fig. 8. 
				
        

        
          Heavy Snow Risk Assessment (January)
        
        

        

      

      Fig. 7. shows the results of the heavy rainfall risk assessment model for July. As the hazard factor differs by month, the results also vary by month. We selected the heavy rainfall risk scores of July as a representative month result that has the highest score.

      Fig. 8. shows the scores of the heavy snow risk assessment model for January. As the hazard factor of heavy snow also differs by month, the results vary by month, similar to the rainfall disasters. Representatively, we selected the highest risk scores of the January result when considering the seasonal characteristics.

      Fig. 9. shows the highest and lowest risk of heavy rainfall by each site. In Fig. 9a. and 9c., the risk of heavy rainfall is high in area A and E due to the narrow and sloping alleyways, whereas area B and F with flat land and sufficient facilities for reduction have a low risk. In Mokpo (see Fig. 9b.)), the risk of heavy rainfall is high in area C. Commercial facilities and old residential buildings with insufficient installation of water channel facility are located in area C. The park located at a high altitude (Area D) has a low risk of heavy rainfall. According to the results, it is suggested to make appropriate preparation and facility inspection for old facilities and sloping narrow ways to prepare for the heavy rain period.

      
        
        

        Fig. 9. 
				
        

        
          Analysis of Heavy Rainfall Risk Assessment Results (a - Daegu, b - Mokpo, c - Seosan)
        
        

        

      

      Fig. 10. shows the highest and lowest of heavy snow in three sites. Area A, C and E where steep slopes and old facilities exist show high risk of heavy snow. However, area B, D and F with a wide road and large amounts of reduction facilities (snow removal tools) have the low risk of heavy snow. To prepare for the heavy snow, it is suggested to make appropriate arrangement of reduction facilities, such as Calcium Chloride, snow removal tools etc. in high risk area.

      
        
        

        Fig. 10. 
				
        

        
          Analysis of Heavy Snow Risk Assessment Results (a - Daegu, b - Mokpo, c - Seosan)
        
        

        

      

      As a result, these findings demonstrate the disaster risk for specific declining areas in a city. Moreover, this study shows that disaster risk can be different in small areas and is relatively comparable.

    

    

  
    
      5. Discussion
      In this study, we calculate risk assessment scores of heavy rainfall and snow in small declining areas by applying weights of risk indicators. According to the results, this study shows that the risk of heavy rainfall and snow disasters can differ even in a small declining area. Additionally, risk is higher in vulnerable facilities and deteriorated buildings. Given the results of the study, the risk assessment score can be useful to establish the strategy for regeneration projects and disaster preparation. We identified small areas that need appropriate strategies in narrow alleys and steep slopes, such as reduction facilities.

      The developed model can solve the limitations of previous studies. 1) This model specializes in a small declining areas. Unlike previous studies that focused on the analysis at the macroscale level (ex. Si, Gun and Gu), this study can be used to analyze microscale levels. 2) This model enables risk assessment with the types of disasters and region-specific analysis by applying weights for each indicator.

    

    

  
    
      6. Conclusion
      This paper establishes a risk assessment model for heavy rainfall and snow disasters in a small declining area in a city by using the AHP weight of disaster risk indicators. After selecting indicators for each risk assessment factor in the range of a 1 m grid, the scores were classified into a grid in the range of a 10 m grid. A model for evaluating the risk of disasters in declining areas was proposed from a microscopic perspective rather than a macroscopic analysis. Consequently, the risk assessment result for a small area was evaluated with a numerical score multiplied by weight and visualized on a 10 m grid. The results of this paper are applicable to establishing regeneration projects in declining cities that are vulnerable to disasters.

      The results of this study can be used to improve further research. The integrated results of the risk assessment score in a 10 m grid with the AHP weight of risk indicators can be expanded to various kinds of disasters. Moreover, a risk assessment model applying weight by regional disaster type is necessary to focus on the various regions and disasters.
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