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Abstract

:

Global warming and environmental changes have resulted in more frequent and extreme weather events, as well as larger-scale disasters around the world. This study presents a disaster risk analysis in Taiwan coastal area using the Climate Disaster Resilience Index (CDRI) and examines the strategies adopted by the coastal residents of Taiwan, through a new concept of “copability” analysis. Based on the results, the majority of the coastal regions fall under the medium-to-low resilient category with the south-western and northern coast of Taiwan as the most high-risk regions posing a high risk to millions of people facing climatic disasters in the future. The coping mechanisms used by local residents are also influenced by the socioeconomic status of the decision-makers as well as the synchronization of disasters. Based on the findings, a 4R management package is developed in which the copability and resilience management strategy are squeezed into four main sectors of resource, reason, roadmap, and respond to work towards a more coordinated management and use of natural resources across sectors and scales. It is advised that all governmental, private, and community actors implement coherent climate risk management measures, accompanied by mitigation initiatives, in order to establish a sustainable level of climate resilience in cities.
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1. Introduction


Urbanization is generally associated with an increase in disaster risk, owing to the rapid growth of the urban population [1]. Natural disasters have intensified and become more frequent in the twenty-first century as a result of climate change’s effects [2]. Climate change challenges are increasingly recognized as a serious threat to the future of the environment and civilization, and improvements are needed to put the world on a climate-resilient path in the future [3]. Climate change mitigation and adaptation are thus required to avoid severe effects of anthropogenic climate change [4] on regions that are “particularly vulnerable” to climate change.



The term vulnerability has been defined in various ways by different scholarly teams. The notions of vulnerability vary so greatly without further elaboration that the phrase becomes multidisciplinary in an almost meaningless manner [5]. Vulnerability has been linked or matched to conditions such as resilience, sensitivity, adaptability, risk, coping capacity, and robustness. Several research have distinguished between biophysical and social vulnerability, despite a lack of agreement on what these terms exactly mean [6,7].



The quantification of climate change risks is crucial to helping a city identify the possible benefits of adapting to climate change and thus take proactive adaptive measures [8]. Many climate change vulnerability assessments link vulnerability to the consequence of hazard exposure, which is a crucial component of the risk-hazards technique. Simultaneously, they emphasize the importance of socioeconomic variables (also known as adaptive or coping capacity) in determining the susceptibility of locations and demographic groups [5].



Meanwhile, there is a growing trend in which climate change resilience is included in development planning and resource allocation. At the World Conference on Disaster Reduction (WCDR), the relationship between climate change and disaster risk reduction was the focus of intense official and informal debates [9]. Furthermore, the ‘Hyogo Framework for Action 2005–2015’ highlighted climate change as one of the risks to the world’s future, and disaster risk management planning as one of the major key areas to address these concerns [10]. Recognizing the need of establishing methodologies and techniques for assessing resilience has grown in tandem with its conceptual evolution [11,12]. Although resilience has been studied extensively, there is still a lack of consistent characteristics or standard metrics that can be used to evaluate the disaster resilience of specific populations or a particular region. Mulligan et al. [13] argued that community is a “multi-layered” concept where they can “function simultaneously across multiple scales” amongst communities. In another study by Almeida et al. [14], the exposure to natural hazards was assessed using four indicators that describe the exposure of Brazilians towards landslides, floods, droughts, and sea level rise. According to their work, vulnerability comprises susceptibility, coping capacity, and adaptive capacity and is measured using 32 factors that reflect a society’s social, economic, and environmental characteristics. Cutter et al. [15] proposed the disaster resilience of place (DROP) model as a conceptualization of natural disaster resilience to present the relationship between vulnerability and resilience and to improve comparative assessments of disaster resilience at the local or community level. An agent-based model was later developed by Yang et al. [16] that simulates flood response preferences and actions taken within individual households to reduce flood losses, highlighting the key role of people in mitigating flood impacts before, during, and after a flood. Using community risk assessments (CRAs) for climate change adaptation was examined in another study by van Aalst et al. [17] where CRA refers to participatory methods for assessing hazards, vulnerabilities, and capacities. All of these initiatives highlight the importance of better understanding the relationships between the causes of climate change risk (hazards, exposure, susceptibility, and adaptability), as well as measurements and policy options for coping with such a risk [3].



Although global awareness has developed in support of programs to promote resilience, existing ways to evaluate and track resiliency have not effectively achieved the required regulatory approval. The quantification of household resilience relies mostly on ‘objective’ indicators, such as the identification of major socioeconomic variables that sustain the livelihoods of individuals. The selection of these elements is also worthwhile and controversial [18,19].



The Climate Disaster Resilience Index (CDRI), established by Kyoto University’s Climate and Disaster Resilience Initiative, is one of the planning tools used in assessing climate disaster resilience across five dimensions: physical, social, economic, institutional, and natural [20].



Although some disaster resilience studies have successfully implemented CDRI, subjective household resilience as a supplemental tool to evaluate resilience has been mainly neglected and the resilience score may not properly represent future risks facing local people. People not only have a realistic view of their strengths, abilities, and limitations but also employ a range of ways to tackle the impact of climate change [21]. According to the urban vulnerability assessment approach, people and individuals in every society are more vulnerable and unable to adapt to climate change. People’s ability to address and cope with potential hazards is influenced by demographic, health, and socioeconomic factors which influence risk mitigation, response, and natural disaster rehabilitation [22].



Individuals, particularly those in vulnerable locations, such as coastlines, use various coping techniques in response to environmental stresses and natural risks. Communities may be subjected to stressful situations that they are unaware of [23]. This is especially important in communities that rely on rainfed farming and other natural resource-based activities. Not only would average climate change have an impact on these areas, but climatic variability, particularly extreme events, could have even a greater impact as well [24].



Significant lessons can be drawn from studying how to cope with increased vulnerability caused by climate change, as well as extreme weather events, such as floods, heavy rainfall, heat, and drought, and how to deal with their hazards, particularly for urban residents in coastal regions with a high sensitivity to natural disasters.



The objective of this research is to add to our current understanding of urban coping strategies by examining the tactics developed and accepted by Taiwanese coastal dwellers, as well as to the discussion of how grassroots coping skills might be used to influence adaptation planning. Understanding these current disaster risk reduction capabilities can assist cities in strengthening their adaptation planning procedures, as they rely on established grassroots governance processes and knowledge systems.




2. Materials and Methods


2.1. Study Area


Taiwan is one of the world’s most vulnerable regions, frequently affected by natural disasters. Typhoons, floods, landslides, droughts, and earthquakes are the most prevalent natural disasters in Taiwan [25,26].



The coastal residential area of Taiwan was chosen as the study’s target area because residents are frequently impacted by natural disasters and climate change, such as storms, sea waves, tides, and sea level rise. The study covered residential coastal districts in Taiwan (Figure 1), where adequate ecological and socioeconomic information exists. The selection was based on their potential risk to climate-induced disasters, as well as their different city structures and population densities.



Water level fluctuations produced by storm surges and typhoon-induced high tides frequently inflict severe damage to Taiwan’s coastal regions [27]. Additionally, numerous communities are located near the coast and face a range of hazards, including coastal flooding [28].




2.2. Socioeconomic Status of Taiwan’s Coastline


Taiwan’s 1319-km-long coastline features a diverse range of topographies, from white sand or darker gravel beaches to coral reefs and rocky coasts, from the gently sloping west coast to the rough east coast [29]. Although Taiwan’s coastline covers only around 3% of its total geographical area, the majority of the population lives along the shore, with 90% of the people living in the west plain [30], where they face a variety of risks, including coastal flooding. Taiwan’s rapid economic expansion has resulted in population growth and a scarcity of suitable land. Coastal land reclamation projects (for example, harbors, recreational parks, and industrial parks) have become more prevalent in recent years. These human actions are widely believed to be the primary cause of modern coastal erosion. As the shoreline recedes landward, storm waves may demolish a natural buffer zone, resulting in the loss of homes and property [31].



Coastal processes are affected by human activities that interfere with natural sediment flow. In Taiwan, tourism is regarded as a natural component of the socioeconomic fabric in many coastal locations as a result of the Taiwanese government’s goal of turning fisheries into tourism [32]. The growing popularity of marine tourism highlights the importance of the coastal and marine environment in providing open space and possibilities for recreation, contemplation, and physical activity [33]. Yet, Taiwan’s coastline is one of the most vulnerable in the world, due to a mix of frequent natural hazards, most notably earthquakes and typhoons, and high levels of coastal development [34].




2.3. Climate Disaster Resilience Index (CDRI)


The Climate Disaster Resilience Index (CDRI) is a management tool for analyzing society’s resilience to climate disasters at various levels. The CDRI analysis uncovered critical information that may be used to guide strategic planning and policy development. The investigation provides effective evidence that may be used to prioritize disaster-prone zones and sectors [35]. Despite the lack of a universal method for assessing disaster resilience, it is mainly characterized by the state of various dimensions of well-being or “rigidity,” such as the physical, social, economic, institutional, and natural aspects of wellbeing. For instance, the infrastructure component refers to a region’s ability to respond to, withstand, and recover from disasters, and physical capability is an integral part of any community resilience architecture. When people are displaced or face a disaster, they need to be able to access food, water, and sanitation, as well as housing, to aid in their recovery [36]. The importance of the social and economic resilience dimension has been widely recognized by the scientific community among all different indicators. Social and economic resilience in coastal regions refers to a community’s ability to live on scarce natural resources when it is generally highly reliant on such resources [37]. While the economic pillar is influenced by post-disaster property loss and the effects of business disruption, the social pillar is influenced by factors related to communications, risk awareness, and preparedness which are linked to a community’s demographics and resources [38]. The institutional dimension, on the other hand, is crucial for informed decision-making and coordinated action [39]. High institutional quality and governance can guarantee that emergency planning, as well as climate change adaptation and resilience measures, are implemented effectively [15,40]. A well-functioning democracy, according to Larsen [41], is positively connected with the amount of societal trust in the system.



Finally, the natural dimension’s resilience is measured in terms of the intensity/severity of natural hazards, the frequency of natural hazards, ecosystem services, natural land use, and environmental policies [20]. Natural disasters that threaten coastal communities vary depending on their location and climatic circumstances. Typhoons (heavy rain), floods, extreme temperatures, and water scarcity are some of the natural disasters that Taiwan may confront. The natural dimension is crucial in shaping the regions and its different zones’ natural resilience.



Each of these dimensions comprises a collection of parameters, each of which contains a variety of variables. Furthermore, these features can be used to evaluate a coastal community’s resilience to climate disasters [30]. CDRI is intended to inform experts and city managers about the current and future susceptibility of their cities to climate disasters. Weights were assigned to aid in the description of CDRI. The Aggregate Weighted Mean Index (AWMI) was calculated using the Weighted Mean Index (WMI) approach (for each dimension). The calculated AWMI of a dimension is the dimension’s CDRI. To start, a rating system was developed, and subjective weights were assigned based on how city officials judged the vulnerability of each feature in comparison with each other. Each dimension (natural, physical, social, economic, and institutional) is associated with a number of variables (Table 1) that are used to compute their respective scores. Resilience patterns and spatial variations of high/low-resilience areas can be studied using this method to enable future planning decisions and the improvement in community resilience in the future [30]. An example of a CDRI variable set of questions is shown in Table 2. Detailed information on CDRI dimensions and assigned variables can be found in [30].




2.4. Coping Ability (Copability)


Coping and resilience are two well-known connected ideas in psychology that refer to how we deal with issues and difficulties and recover from misfortune or adversity [42]. The terms “resilience” and “coping capacity” sound identical at first glance, and that is because their definitions are so similar. However, resilience is a system attribute that can affect either human and natural systems or just one of them. Conversely, coping capacity focuses on the unique abilities and specific strategies used by human systems to contribute to resilience. When a system is resilient, it can withstand a certain amount of stress or change while still maintaining its core structure, functionality, and organization [43]. On the other side, coping capacities are the social and technical skills and strategies of individuals and groups that are directed towards responding to environmental and socioeconomic changes.



Coping strategies are the cognitive and behavioral changes that occur as a result of managing an individual’s distinct external/internal stressors [44]. Building resilience and responding to climate change will necessitate work at numerous levels and across industries. Investing in communities and people most vulnerable to the impacts of climate change will need to be matched by more effective national policies, risk management systems, and response capacity [45]. A competency is the capacity to apply or deploy a collection of related knowledge, skills, and abilities required to successfully perform “important work functions” or activities in a particular work situation. We should assess a city’s resilience in terms of competence: the capacity to do a task successfully or efficiently. Resilience and coping are related but distinct entities in terms of their influence on behavioral changes. Coping refers to cognitive and behavioral techniques for dealing with and managing stressful events or negative and physical repercussions [46], whereas resilience is the adaptive capacity to recover from stressful conditions in the face of adversity [47]. In this study, we also try to explore local inhabitants’ coping mechanisms and behavior in the context of a successful Community idea to deal with stressful conditions both internally and externally (Figure 2).



Coping is typically divided into two types: reactive coping (a reaction to the stressor) and proactive coping (an attempt to avoid future stresses) [48]. With this knowledge, individuals can choose one or a combination of three approaches to dealing with shocks and disasters: problem-solving, seeking social assistance, or avoiding them (ignorance). To broaden the range of possible responses by local communities, we assessed five alternative coping strategies employed by coastal households in the case of extreme weather events (Figure 3). These coping mechanisms were chosen based on the primary coping strategies used by people in distressing situations, preliminary research, and expert-led focus groups. The term “copability” was coined in the current study to refer to both the abilities and capacities of coastal residents to cope with climate-related disasters.




2.5. Data Collection


The primary method of data collecting in this study was through a questionnaire survey, with two distinct sets of questions prepared specifically for the purpose of the study. To begin, a questionnaire survey was distributed to key informants from the respective authorities and scholars involved in the planning and development of cities and disaster risk management for the purpose of conducting a CDRI analysis; and second, a copability questionnaire survey was distributed to coastal households and local residents for the purpose of conducting a coping strategy analysis. A survey questionnaire for CDRI analysis of different components of the area of study was developed with 125 variables (five dimensions × 5 parameters × 5 variables), where each parameter was evaluated using five choices, between 1 = poor and 5 = best, as x1, x2, ..., x5.



Further analysis was carried out in order to understand the strength and weaknesses of each administrative area and their interconnections. In order to acquire some variables, especially physical and nature data, secondary sources, such as semi-structured interviews, focus groups, direct observation, population census reports, government annual documents, and official authorities’ websites were also used. CDRI was then estimated using data from the questionnaire and secondary sources for each study area. In addition, the weighting of the AWMI technique was computed to better understand the resilience of each dimension. A rating scale has been developed and weight subjectively allocated for this purpose on the basis of how the city officials regarded every parameter’s vulnerability using the comparative method. To achieve this, respondents were asked to apply weights to variables and parameters ranging from less important (1) to high importance (5) using a weighting approach (w1, w2, ..., w5) in order to reflect the priorities in the study area and the relevance of the indicators to the local situation. The CDRI of one dimension was the estimated value of the AWMI of that dimension. The final score of each parameter was then calculated, followed by a standardized approach to calculating the final CDRI values:


      ∑   i = 1  n   w i   x i      ∑   i = 1  n   w i    =    w 1   x 1  +  w 2   x 2  +  w 3   x 3  +  w 4   x 4  +  w 5   x 5     w 1  +  w 2  +  w 3  +  w 4  +  w 5     



(1)




where x represents the variable, and w is the assigned weight. Overall, the CDRI values were obtained after averaging each of the five dimensions’ resilience values [30,49].



It is noted that two different sets of data collection procedures were used for this study. One for CDRI analysis and the other for copability assessment to see how the system’s properties (resilience) contributed to the coping capacity of individuals in case of natural disaster. For CDRI analysis, around 385 questionnaire survey responses were received for each coastal side (western coast: Kaohsiung, Tainan, Chiayi, Yunlin, Changhua, Taichung, Miaoli; northern coast: Hsinchu, Taoyuan, New Taipei, Yilan; eastern coast: Hualien, Taitung; and southern coast: Pingtung) from various stakeholders and city officials with diverse backgrounds of all respondents to the survey, of which 32% were local government officials, 47% were scholars and academicians working in relevant departments, 15% were civil society actors, and the rest were other groups, including the private sector. Informed consent was also obtained from all participants included in the study.



Surveyed studies suggest that people choose coping strategies depending on the characteristics and nature of the disaster [50] A stressor can be caused by climate or weather conditions, such as drought or flooding; human health problems, such as illness or the death of a household member; crop insect infestations or animal diseases; or pricing shocks, such as high food/input prices. Whether they occur concurrently or sequentially, shocks result in either a loss of real income [51] through reduced profits, increased consumption expenditures, or asset destruction, or in the death or illness of family members.



This study exclusively looks at climatic shocks and disasters that have a large impact on humans in a specific place. To extract information about household adaptation to climate change disasters, a climate copability study was conducted using questionnaire-based interviews.



For copability assessment sampling, the target population was local people and coastal residents living in western coastal areas (Kaohsiung, Tainan, Chiayi, and Yunlin) based on the CDRI results of the least resilient cities (mostly consist of farmers, workers in fishery industry, and small-scale business proprietor). A multi-stage sampling procedure was used to choose the households. Within each coastal town, three zones were defined based on population density and administrative authority, and 43 houses were chosen using a random stratified sample within each zone. A total of 516 survey data were collected in the research area for copability analysis. Before the interviews, the participants were informed in their native language. As shown in Figure 3, the questionnaire survey addressed several situations for coping mechanisms, such as funding, behavioral change, and material support for infrastructure, food availability, information and technology, and spiritual beliefs. Respondents were asked about the climatic shocks they have experienced in the last five years, as well as the coping strategies they utilized to deal with the consequences of those shocks. Coping mechanisms are described in this study as specific efforts made by the household to control or attenuate, tolerate, minimize, or limit stressful circumstances. In order to decrease the possibility and degree of detrimental effects, most individuals were found to use coping systems both during and after the climate shock. The IPCC [4] states that adaptive capacity refers to the ability or capacity of a system to successfully respond to climate change and variability. It involves both behavioral and resource-related changes, as well as technological advancements. A household may occasionally adopt a variety of strategies to reduce the consequences of climate shocks, and these strategies were frequently tied to the socioeconomic position of the decision-maker. The following considerations will influence the technique for picking the best collection of coping mechanisms: (a) the capability of the family (family size, occupation, education, and age); (b) each family member’s awareness of climate change, as well as coping or adapting methods developed through training or other sources; (c) the severity of the shock: the extent to which the shock has harmed the family’s overall security [52]. Respondents were asked to rate the parameters (choosing a coping strategy for each occurrence) on a five-point Likert scale ranging from 1 (never) to 5 (always).




2.6. Investigating the Impact of Single and Multiple Climatic Disasters on the Selection of Coping Strategies


To mitigate and reduce the impact of disasters on income and asset losses, households will employ a variety of coping strategies. As a result, it is hypothesized that the type(s) of coping methods employed are also influenced by the properties of the events, particularly their idiosyncratic or covariate nature. The coping methods chosen by a household are determined by its objectives as well as its traditions and spiritual beliefs, which are particularly common in rural settings. Zimmerman and Carter [53] argued that households react differently to stressors depending on their asset status. This idea was supported experimentally by Hoddinott [54] utilizing rural Zimbabwe panel data. Asset development is also reported to be crucial for escaping chronic poverty and relieving food insecurity, according to Barrett et al. [55] and Hoddinott [54]. However, Ellis [56] discovered that when households face significant shocks, asset depletion is typically the last resort. Ansah et al. [57] shed fresh light on coping techniques by demonstrating that the coping technique used is reliant on whether the disaster occurs in isolation or in clusters. They discovered that when climate shocks are combined with health, pest, or price shocks, additional consequences emerge that influence households’ coping strategy selection.



The present survey on climate disaster management collects data on Taiwanese coastal residents and coping practices. Different stressors identified by households were classified as typhoons (heavy rain), floods, extreme temperatures, and water scarcity. Faced with these shocks, households described the various methods to be used. As shown in Figure 3, the reported coping techniques were divided into five major groupings.



In testing H1a, we assessed how many shocks can alter the possibility of selecting one of five categories with binary probit models (2) and (3). We explored the link between the number of shocks and the coping mechanism adopted in the probit model 1. (2):


  P  (   C j   )  = 1  |  n , X ) = G  (   b 0  +  b 1  n +  b 2  W +  b 3  X  )     



(2)




where a household’s choice for adopting coping strategy category j is Cj, (j = 1, …, 5), the number of shock categories is (= 0, 1, …, 4), shock characteristics are W, control variables are vector X and G is the cumulative density function (CDF) of the standard normal distribution. In model (1), rejecting b1 = 0 indicates that the number of disasters matters for choosing coping mechanism Cj (H1a).



Then using a probit model (2), we evaluated whether several events have a cumulative influence. This model comprises four dummy variables indicating whether a predefined number of occurrences (dn = 1) or none (dn = 0) has been reported by the family. The category with no disasters (n = 0) is used as the reference. The strength of each event here is considered to be consistent and that households do not face several cases of the same type of disaster.


  P (  C j  = 1  |  n , X ) = G  (   b 0  +  b  11    d 1  +  b  12    d 2  +  b  13    d 3  +  b  14    d 4  +  b 2  W +  b 3  X  )     



(3)







The difference between parameters is checked sequentially, i.e., b12–b11; b13–b12; b14–b13, equal zero. Significant deviations from zero show that exposure to a greater number of disasters has an effect on coping strategy selection. The incremental effect of additional stresses on coping strategy selection can then be assessed by means of model (2) [57].





3. Results and Discussion


The spatial distribution of CDRI scores showed that the majority of the coastal regions fall under the low and medium-to-low resilient category (Figure 4).



Using indicator-based resilience analysis, our study recognized that most high-risk regions are located along the south-western as well as the northern coast of Taiwan particularly Taoyuan and Yilan. We also found some moderate to low resilient regions along Hualien and Taichung.



Typhoon surges, wave set-up, and overtopping, as well as land subsidence, are all specific key challenges along Taiwan’s southwestern coastline, which, along with the region’s high population density, make it less resilient to climate change [58]. Climate change will also have an effect on the wet/dry season in the north in the future, likely resulting in flooding and coastal destruction and increasing vulnerability to its maximum level. In northern Taiwan, heavy rain and societal vulnerability as a result of socioeconomic expansion, household asset accumulation, and population density are key factors affecting the resilience score [59,60].



Additionally, CDRI scores varied among research regions. While the southwest and northern coasts had the lowest resilience levels (low to extremely low scores), other coastal zones rarely demonstrated high levels of resilience. The low resilience of Taiwan’s coastal zones to climate change has a negative impact on not just the marine environment, ecology, and human communities whose economies are heavily dependent on marine activities but also on the country’s economic sustainability. Southwest coastal residents are referred to be the first generation of climate refugees. They are routinely flooded as a result of prolonged land subsidence, storm wave destruction, rising sea levels, excessive rainfall, extensive inundation, and saltwater intrusion. As a result, Taiwan’s southwest coast is particularly vulnerable to climate change [61]. Additionally, both northern subtropical and southern tropical climates are dominated by a northeasterly winter monsoon and a southwesterly summer monsoon. Furthermore, long-distance transit contributes significantly to air pollution and environmental degradation in most of northern Taiwan’s regions [62]. In comparison, being less prone to extreme events and having a lower population density on the eastern coast increases the score for natural and physical dimensions, resulting in a higher total CDRI score in this area.



While the CDRI results indicated a greater degree of diversity in the institutional and economic categories, the overall score ranged from 1.1 for the economics and institutional component (Yunlin) to 4.49 for the physical component (New Taipei), based on analysis and comparison of different dimensions.



Six coastal cities with the lowest overall CDRI scores—Tainan, Kaohsiung, Chiayi, Taoyuan, New Taipei, and Yunlin—were chosen as hot spots for further analysis of various dimension scores and identification of coastal cities’ strengths, weaknesses, limitations, and potential risks in vulnerable zones. While the total CDRI ratings for these hotspots ranged from 2.72 for Yunlin to 3.88 for New Taipei, the majority of regions scored lower on natural dimensions, which is unsurprising given Taiwan’s placement in the IPCC’s high-risk group for climate change. Additionally, Taiwan’s ecology and ecosystem services have suffered severe damage in various spots as a result of the country’s rapid economic growth. Air and water pollution, soil degradation, and deforestation have all become significant challenges [63].



The analysis and comparison of different dimensions in hotspots (Figure 5) revealed that the CDRI scores were more diverse in the institutional and economic categories than in the natural and social dimensions.



Yunlin showed the lowest institutional and economic resilience scores among the least resilient areas. Yunlin County is located in central-southwestern Taiwan and has a subtropical climate. Typhoon-caused floods and debris flows are the most prevalent disasters in Yunlin County, where low-lying plains are especially vulnerable to flooding during heavy rains and typhoon season. Flooding may also occur in some metropolitan townships due to a lack of and/or inefficient drainage infrastructure [64,65]. Furthermore, because of its proximity to the Taiwan Straits, the county has a long history of fish farming as well as being a trading harbor, making the low-lying areas especially vulnerable to natural disasters. Emergency management which is an essential sector in the institutional dimension is largely dependent on the local economic and social conditions and divided into four stages of mitigation, readiness, response, and recovery [66]. The area’s low institutional and economic scores, possibly due to inadequate funding, result in a lack of preparedness, disaster recovery, and response planning [65].



Additionally, Yunlin County is the primary agricultural county in Taiwan. While rising sea levels cause coastal flooding, the coexistence of seawater intrusion and challenges associated with rainwater venting, resulting in significant agricultural and economic losses in central and southern regions, particularly Yunlin County. Furthermore, Yunlin County has been affected in recent years by climate change and artificial groundwater overexploitation, making coastal townships prone to flooding and severe subsidence [67].



On the other hand, New Taipei which is located approximately 200 km above Yunlin, showed the highest economy and institutional score. New Taipei City is a wide municipality that consists of both urban and rural zones, each with its own culture and characteristics [68]. In comparison to Yunlin, where population growth has been negative for over a decade, resulting in an aging society, the New Taipei City government has integrated resources at the local level and improved disaster management through the establishment of a large number of resilient communities [69]. With the global economy migrating steadily toward Asia, New Taipei City’s central location makes it an ideal place for international companies to establish regional or Taiwan headquarters [68]. In addition, New Taipei’s administration is giving more priority today to innovation on its policy agenda, acknowledging its economic capabilities and alleviating social and environmental challenges. Moreover, New Taipei City works closely with Taipei City to increase the political and economic weight of northern Taiwan [68].



Taoyuan received the lowest scores for natural resilience among the studied cities. Autumn and winter in Taoyuan are commonly associated with poor air quality due to the city’s vulnerability to northeast monsoons [70]. Additionally, Taoyuan serves as the gateway to Taiwan, housing the country’s main international airport. Taoyuan City is estimated to have the highest level of synthesized vulnerability in the northern region, which includes biophysical and social vulnerability, where potential flooding, industrial output, and family assets with a high degree of exposure may contribute to low natural and institutional scores [60]. Traditional management policies in this area are believed to have had a wide-ranging impact on socioeconomic issues, including changes in coastal land use patterns, the activation of underutilized fishing ports, and the economic development of coastal settlements [71].



Tainan and Kaohsiung scored similarly on the most of categories, with the exception of institutional when Kaohsiung significantly surpassed Tainan.



Although Kaohsiung has a high disaster rate and significant seasonal variation in rainfall patterns [72], it is a pioneer in Taiwan’s smart city movement, with the city government emphasizing the three “As” (Anytime, Anywhere, Anyone) as the goal of smart government service to its citizens, with any individual able to obtain necessary services at any time [73,74]. The local government is working hard to create a smart city by employing online services, the Cloud sensors, and mobile telecommunications to optimize and improve the life quality of its citizens [75]. On the other hand, Tainan is vulnerable to both extremes—floods and sea level rise, as well as strong typhoons. As a result, the city’s ecosystem’s quality (biodiversity, soil, air, and water quality) is degraded. Additionally, some districts’ aging infrastructure poses a threat to the economy’s resilience and institutional features, making it harder for local governments to meet demand in the event of a crisis [30].



Tainan, on the other hand, is vulnerable to both extremes—floods and rising sea levels, as well as severe typhoons. As a result, the condition of the city’s environment (biodiversity, soil, air, and water) has deteriorated. Furthermore, the aging infrastructure of some districts poses a threat to the economy’s resilience and institutional features, making it more difficult for local governments to meet demand in the case of a crisis [30].



It is noted that the CDRI parameters and variables in the current study are proximal representations of disaster resilience and therefore may not necessarily fully explain the actual resilience levels of real communities. This is one of the limitations of index-based approaches which may pose some management challenges. As only a few of the many disaster-resilience indices have been empirically validated, it is recommended to examine the validity of CDRI in future research to ensure its practical efficacy for other regions and situations. With no validation evidence showing that an index is useful in assessing disaster-resilience levels, policymakers have limited confidence to make investment decisions regarding resilience-enhancement projects [76]. A short collection of empirical-validation studies of disaster-resilience indices are presented in a study by Ji et al. [77] revealing that certain indicators, such as education, income, and place attachment, can be empirically valid, but their explanatory power varies significantly across the two outcome measures of resistant capacity and recovery capacity in the case study of Hong Kong residents.



A copability study was conducted on the cities that were the least resilient (Tainan, Kaohsiung, Chiayi, Taoyuan, New Taipei, and Yunlin). Residents of Kaohsiung were more likely to use structural and technological strategies (e.g., repairing, reconstructing houses with more durable materials, changing farming or aquaculture patterns, installing pumping machines, and early warning systems) than residents of Yunlin, who were more likely to use behavioral and spiritual mechanisms (e.g., worship and evacuation to a safer location) (Figure 6).



In addition, participants were asked to assign a weight to the most effective disaster-prevention technique. Residents of Chiayi and Yunlin believed that financial techniques, such as borrowing money, selling assets, and employing family resources, were more practical, whereas residents of Tainan and Kaohsiung believed that technological and structural operations were more effective (Figure 7). Seniors living alone, limited household assets, and inadequate healthcare are all factors that contribute to socioeconomic vulnerability in Yunlin County’s rural districts. Economic indicators are the most sensitive sector to climate change in this region, as it is primarily reliant on agriculture for the survival of the region’s resource-poor rural population. Furthermore, Yunlin County has experienced negative growth for nearly a decade as a result of long-term labor outmigration [67].



Although the findings revealed that people who reside in low-resilience areas used less efficient coping mechanisms when faced with disasters, these two measures were produced using two separate sets of data from different spatial scales, and so it may be influenced by the scale effect [78]. Nonetheless, this is likely to be more visible in social resilience as other aspects were evaluated more quantitatively and were spread more evenly across a region. According to Yang et al. [78], because of the different spatial scale effects of resilience measures, city-scale data are often more resilient to disasters than smaller-scale data (community or individual scale measurements). As a result, even if parts of a bigger urban system or community residences are destroyed, the major operations of the city can continue to work. This suggests that while a larger urban system is more resilient, a smaller community-scale system might lose all functionalities which consequently affect the coping techniques chosen by households and individuals when facing disasters.



3.1. The Effects of Single and Multiple Disasters on the Selection of Coping Strategies


The results of the probit models (1) and (2) for testing hypothesis H1a are presented in Table 3 and Table 4, respectively. The number of climatic disasters experienced by local residents was significantly associated with all coping techniques except the spiritual approach, probably because those with stronger spiritual convictions would engage in worship, self-regulation, and resource sharing regardless of disaster frequency. The findings showed that as the average duration of a disaster increased, so do the possibilities of adopting financial, behavioral, and structural-based strategies, while the choice of technological techniques was unaffected by disaster duration. Furthermore, the season in which a disaster happened had a significant impact only on the financial coping strategy, presumably because the majority of people in the study have season-dependent income.



Prior to the rainy season, usually from May to September, the majority of coastal residents would construct scaffolding to protect residential structures, shift furniture and appliances upstairs, or repair/rebuild structures using more durable materials. Moreover, as Taiwan’s farming population ages, agriculture can only be supported if farmers earn a living income. Because the majority of Taiwan’s farms are small and family-run, and the peak harvest season occurs in the autumn and winter, disasters that hit during the summer will likely compel residents to shift their strategy toward a more financial-based coping mechanism.



To confirm and quantify the cumulative impact of multiple disasters, we referred to the results of model (2). According to Table 4, experiencing two disasters concurrently greatly increased the possibility of choosing behavioral and structural coping mechanisms, such as relocating to a safe location, storing food and water, and erecting household protective structures. While meeting several disasters increased the possibility of employing the majority of coping strategies, the data indicated that the cumulative effects of disaster encounters had minimal effect on the likelihood of employing financial or spiritual coping strategies. In other words, regardless of the number of disasters, saving and diversifying income sources, as well as worship and self-regulation, can assist to lessen the damage. When there were more than two concurrent disasters, the difference in strategy selection became less important, though. Similarly, all other coping mechanisms, with the exception of technological mechanisms, demonstrated no significant difference between two to three concurrent disasters and more than three concurrent disasters, implying that when at least three concurrent disasters occur, a technology option is chosen.



Rational households would first prefer to deal with shocks using their available savings. Multiple shocks (especially more than two concurrent disasters) had a negligible incremental effect on the chance of these mechanisms being adopted. Similarly, those who adhered to spiritual beliefs employed worship and self-regulation to lessen the effects of disasters, regardless of the number of disasters occurring concurrently.



As Corbett [79] and Ellis [56] discussed when households are faced with disasters, they prefer low-cost policies, such as secured belongings, and the use of sandbags/concrete blocks as dykes over more expensive methods, such as changing cropping patterns, installing pumping machines, or early warning systems.




3.2. Conceptual Framework for Disaster Management


“The only constant is change” is a well-known phrase from Heraclitus, a late sixth-century BC Greek philosopher best known for his philosophy of change [80]. Indeed, life is continuously in a state of change and evolution. Climate change consequences are evident in a wide range of sectors and areas of society, including human health, agriculture and food security, water supply, transportation, energy, and ecosystems.



Calculating the risk of climate hazards involves an understanding of the region’s resilience and the community’s coping methods (copability). Although Taiwan ranked seventh in the 2017 United Nations Climate Change Conference in Germany [81] in terms of climate change impact countries, this study shows that Taiwan’s west coast has a major share of the high-risk locations where the storm surges, sea level rises, and shoreline erosion are possible. Priority should therefore be given to flood mitigation measures in these vulnerable regions in order to properly limit the hazard impact. Additionally, future research should use the Analytic Hierarchy Process (AHP) to estimate the weights of individual components to highlight the relative relevance of contributing variables in various domains [82]. Additional social aspects, such as hospitals, disabled care, and nursing homes should be incorporated in the computation, as well as a higher spatial resolution, to increase the accuracy of the technique.



Collective action capability, a high level of social capital (for example, strong community interactions), a strong community competency (including local government institutions and processes), and a robust infrastructure are all characteristics of climate-resilient communities. Resilience is not a one-size-fits-all personality trait. It encompasses everyone’s learned and formed behaviors, beliefs, and actions. The 4R package concept is offered in light of the current study’s findings, in which the resilience management strategy is organized into four key sectors: resource, reason, roadmap, and respond (Figure 8). In practice, it establishes a conceptual framework for studying and comprehending the interactions between the natural environment and human activities, as well as promoting more coordinated natural resource management and use across sectors and scales.



3.2.1. 4R Package: Resource


The first critical element in developing disaster management plans is to assess available and accessible resources, which are reliant on both natural and human-derived capital to varying degrees. While it is vital to protect natural resources from human activities, communities have demonstrated their ability to collaborate for the long-term benefit of those resources. Social capital is described as the importance placed on social interactions and social norms, the quantity of which affects an organization’s sustainability. People are more likely to accept collective acts in informal groupings because they feel others will join in as well [83]. It is critical to invest in both biophysical and social capital resources while making decisions, managing them, and strategizing.




3.2.2. 4R Package: Reason


Recommendations should not be made without a discussion of the probable consequences of failing to implement them (and lessons learned). This way, decision-makers can be fully apprised of the potential cost of inaction if the next natural hazard becomes a national disaster. Simply said, recommendations should not be issued without awareness of the ramifications of their non-implementation [82]. Following that, education will include both training recommendations and follow-up cautions.




3.2.3. 4R Package: Roadmap


Additionally, resilience might be described as the capacity to withstand extreme future threats successfully. Mapping a country’s resilience is crucial because it enables planners and policymakers to identify areas of greatest risk [84]. A roadmap, on the other hand, will be unsuccessful at expressing vision and strategy unless the detailed planning process and scope of action for each dimension have been thoroughly considered, validated, and agreed upon. This action-oriented approach is critical to the success of resilience-building across its various stages of development. Utilizing disaster resilience indices can aid in establishing each region’s strengths and weaknesses, as well as the level of effort required to facilitate hazard planning and urban resilient structure.




3.2.4. 4R Package: Respond


The Water–Energy–Food Nexus has evolved into a powerful model for explaining and addressing the complexity and interconnectivity of the world’s resource systems. Although the nexus idea clearly depicts the complex and interconnected nature of our global resource systems [85], the major role of people in the three-dimensional nexus has largely been overlooked. While each city management team is responsible for developing their own adaptation, mitigation, coping, and response plans, local residents are likely to be the most impacted and resource-scarce if they are to respond effectively to climate change. Understanding how historical climate change implications impacted local residents—in this example, coastal—and how societies responded or failed to adapt can provide important insights into how to adapt to similar or equivalent consequences in the future [84]. To select the “best” climate change plan, decision-makers and stakeholders must first establish the social values and selection criteria to be used [86].




3.2.5. Interdependency of 4R Package, Resilience, and Copability


The 4R package emphasizes a “conceptual management approach” that aims to enhance resilience while also increasing the efficiency of coping mechanisms during extreme weather events. In other words, resilience is characterized by the system’s contributions to the success of people’s coping mechanisms in the face of climate change [87]. Additionally, according to the proposed 4R package, optimal indicators of resilience (natural, social, institutional, economic, and physical) are not only theoretically related to the risk experienced but also to people’s chosen coping styles and skills in emergencies. It is important to recognize that a focus on resilience does not exclude mitigation activities, particularly when evaluated through the lens of community resilience [88,89]. Indeed, when individuals are aware of collective resources for adaptive response to extreme weather and the broader goals of climate change mitigation, competing individual and collective interests can be balanced. For example, perceived social cohesion has been linked to disaster preparedness [90,91]. On the other side, extreme weather events and climatic disasters provide an opportunity to strengthen and build new social bonds [92]. By increasing empathy and identification with fellow victims [93], shared experiences of such adversity might promote pro-social behavior, improve well-being, and enable those affected by climate change to respond more effectively.






4. Conclusions


The current study used the Disaster Risk Index and coping ability analysis to identify possibly high- and low-risk sites along Taiwan’s coast. The Yunlin area was found to be the most vulnerable, facing economic, ecological, social, and institutional risks. Additionally, it was demonstrated that the households of this area had inadequate coping skills in the event of a crisis. The overall findings of the current study have been supersized as follow:




	
The majority of the coastal regions in Taiwan fall under the low and medium-to-low resilient categories.



	
For people living in low-resilience sites, chosen coping methods were also less successful mostly due to financial and social constraints when dealing with stressful events.



	
While behavioral and structural coping mechanisms were more likely to be applied when presented with two to three disasters at the same time, a technology-based approach was used when at least three disasters occur simultaneously.



	
A comprehensive conceptual model for disaster management has been proposed that includes interconnections of resilience and copability analysis.








The lack of empirical validation of CDRI parameters as well as the presence of spatial scale effect is among the limitations and challenges of the current study which may influence the efficiency of management strategies in the future. It is thus recommended to conduct a more comprehensive survey taking the resilience and coping ability into account to reduce the temporal and spatial scale effect and propose more efficient management alternatives. The successful management strategy considers the communities’ abilities to withstand, absorb, and recover from disasters while improving wellbeing in the context of resilience.
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Figure 1. Geographic location of Taiwan and the study area (shadow zones). 
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Figure 2. A successful community will be aware of all of its abilities, have realistic capacities, and be skilled in its delivery. 
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Figure 3. Coping strategies adopted by coastal households during extreme weather events. 
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Figure 4. Overall Climate Disaster Resilience Index (CDRI) analysis of coastal regions. 
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Figure 5. CDRI dimension scores in Tainan, Kaohsiung, Chiayi, Taoyuan, New Taipei, and Yunlin. 
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Figure 6. Coping scores achieved by coastal residents of the least resilient cities. 
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Figure 7. The most important coping strategies recommended by coastal households in (a) Kaohsiung, (b) Tainan, (c) Chiayi, and (d) Yunlin to deal with extreme weather events. 
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Figure 8. Comprehensive conceptual model (4R package) for disaster management and its connection with resilience and copability. 
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Table 1. List of variables considered in CDRI five dimensions.
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	Dimension
	Parameters





	Physical
	Electricity, Water, Sanitation, Accessibility of roads, Housing



	Social
	Population, Health, Education and awareness, Social capital, Community preparedness

during a disaster



	Economic
	Income, Employment, Household assets, Finance and savings, Budget and subsidy



	Institutional
	Knowledge dissemination, Institutional collaboration, Mainstreaming of disaster risk reduction, Effectiveness of crisis management, Good governance



	Natural
	Intensity of natural hazards, Frequency of natural hazards, Ecosystem services, Land use, Environmental policies










[image: Table] 





Table 2. A sample of the Climate Disaster Resilience Index (CDRI) questionnaire survey.
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Please Rate How Effective the Following Accessibility of Roads Indicators Are in Your Area

	
Very Poor

	
Poor

	
Medium

	
Good

	
Very Good






	
1.1.1 The percentage of land transportation network in different streets in the city during natural disaster

	
①

	
②

	
③

	
④

	
⑤




	
1.1.2. The percentage of paved roads in the city during natural disasters.

	
①

	
②

	
③

	
④

	
⑤




	
1.1.3. The efficiency of fixing damaged roads during and after a natural disaster.

	
①

	
②

	
③

	
④

	
⑤




	
1.1.4. To what extent the traffic situation in your area after a natural disaster (such as intense rainfall) is handled effectively.

	
①

	
②

	
③

	
④

	
⑤




	
1.1.5. To what extent the roadside-covered drains are equipped.

	
①

	
②

	
③

	
④

	
⑤




	
Weight factor: Please rank the variables between 1 and 5 (5 = most important, 1 = least important)




	
1.1.1

	
1.1.2

	
1.1.3

	
1.1.4

	
1.1.5
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Table 3. Statistical relationship between disaster characteristics and coping strategy selection.
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	Variable
	Behavioral
	Structural
	Technological
	Financial
	Spiritual





	No. of disasters
	0.011 *
	0.025
	0.028
	0.037
	0.162



	Duration of disasters
	0.042
	0.001
	0.095
	0.001
	0.029



	Season of the disasters
	0.083
	0.412
	0.103
	0.047
	0.371







* p-value < 0.05 were considered statistically significant.
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Table 4. Marginal and combined effects of disaster frequencies and coping strategy.
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	Scenario
	Behavioral
	Structural
	Technological
	Financial
	Spiritual





	I. One disaster vs. two disaster
	0.011 *
	0.025
	0.071
	0.047
	0.162



	II. Two disasters vs. three disasters
	0.032
	0.001
	0.085
	0.073
	0.099



	III. Three disasters vs. four disasters
	0.083
	0.412
	0.003
	0.129
	0.201







* p-value < 0.05 were considered statistically significant.
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