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The daily precipitation data (20-20 o’clock) of 66 meteorological stations from 1981 to 2020 were collected. According to the definition of rainstorm day and rainstorm process, 614 non-typhoon rainstorm processes data were obtained after removing the typhoon rainstorm processes data. Combined with the topographic data, the geological disaster points data and the social economic data, this study established an indices system from four aspects: disaster-causing factors, disaster-formative environment, disaster-affected bodies, and disaster prevention and mitigation abilities. Based on the analytic hierarchy process, the entropy method and the correlation coefficient analysis method, the combination weighting was assigned to carry out the non-typhoon rainstorm disaster risk assessment. The results show that the spatial pattern of the comprehensive risk of non-typhoon rainstorm in Fujian Province is completely different from that of typhoon rainstorm in this study area. It shows a gradually increasing trend from the eastern coastal area to the mountainous area in the northwest. The risk areas above middle were observed in the northwestern Fujian and the narrow coastal area of southeastern Fujian. Risk of most of the areas between the two mountain ranges in the middle and northwest of Fujian was relatively lower. The disaster-causing factors were the dominant risk factors of non-typhoon rainstorm. The spatial pattern of non-typhoon rainstorm hazard is obviously affected by the topography of Fujian Province. The comprehensive risk pattern of a specific historical non-typhoon rainstorm case is significantly different from that of the general comprehensive risk of non-typhoon rainstorm disasters. In terms of historical cases, most of the higher-risk and high-risk areas of non-typhoon rainstorm cases were generally small, and were concentrated in northwestern Fujian, but the comprehensive risk pattern of different cases was significantly different.
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1 INTRODUCTION
The intensity and frequency of various natural disaster events have increased due to the recent climate change (Chen et al., 2022; Li et al., 2021; Chan et al., 2021; Li et al., 2020; Shang et al., 2019). The rainstorm flood disasters account for about 40% (Zhou et al., 2019). Consequently, developing effectively methods of rainstorm disasters risk assessment and zoning has increasingly attracted the attention of relevant scholars and government departments, and has become a hot research issue (Zhou et al., 2019; Xie and LiuXu, 2022a; Huang et al., 2022; Qiu et al., 2022; Xu et al., 2022). Located on the southeastern coast of China (Figure 1), Fujian Province is among the provinces worst affected by rainstorm disasters. There are two main types of rainstorms affecting Fujian Province, the typhoon rainstorm and the non-typhoon rainstorm. This study carries out risk assessment research for non-typhoon rainstorm disasters.
[image: Figure 1]FIGURE 1 | Location of study area and meteorological stations.
There have been many research results on the risk of rainstorm disaster. Ma et al. (2021) established risk assessment model based on a set of index system including regional vulnerability, adaptability and restorability of cities and weighted clustering assessment to realize the risk assessment of urban rainstorm and flood disaster. Wu et al. (2021) established an indicator system for urban rainstorm flooding based on an urban element analysis and determined the relative importance of the indicators based on the RF algorithm to identify the urban rainstorm flood disaster-sensitive indicator. Li et al. (2020) used the Bohai Rim, China, as a case study, and studied the risk of rainstorms under different return periods. Zhou et al. (2019) systematically reviewed the research history and the achievements of research progress on risk assessment of heavy rainfall and flood disasters in China. Chen et al., 2019b established the cloud matter-element model by coupling the cloud model with the matter-element analysis method, and assessed the risk of urban rainstorm disasters in Nanjing from 2011 to 2016. Wang et al. (2019) established a rainstorm disaster risk assessment model and conducted a graded assessment, and analyzed its impact on agriculture. Li et al. (2019) assessed the risk of rainstorm and flood disasters based on the hazard grades/indices in Qinghai Province. Xu et al. (2018) studied the climate change characteristics of rainstorm and risk assessment of rainstorm rainfall in Jinshan of Shanghai in recent 60 years. In recent years, there are also many studies on the types and characteristics of rainstorm disasters. Jou (2020) reviewed the non-typhoon heavy rain research in Taiwan for the past 30 years. Chen et al. (2019) and Lin et al. (2017) divided the rainstorms in the southeastern coastal areas of China into the rainstorms that occurred in the pre-flood season from April to June and the typhoon rainstorms that occurred from July to September according to the time nodes, and carried out rainstorm flood researches based on the classification. These studies provide rich experience, theories and methods for rainstorm disaster risk assessment. However, most of the rainstorm disaster risk assessments did not distinguish different rainstorm types. In fact, the climatic characteristics of different types of rainstorms are obviously different, and the risk patterns are significantly different. On the other hand, researches have shown that the southeastern coastal areas of China are affected by typhoons from April to October (Ye, 2015). Typhoon rainstorms may occur in the pre-flood season, and the frontal rainstorms may also occur in typhoon season (Ying et al., 2011; Zhao et al., 2020). Therefore, the classification of typhoon rainstorm and non-typhoon rainstorm based on time node is not reasonable.
Consequently, distinguishing typhoon rainstorms from non-typhoon rainstorms scientifically and reasonably, and carrying out risk assessments based on different types of rainstorm disasters can improve the pertinence of risk prevention, which is of great significance for disaster prevention and mitigation departments. This study collected rainstorm data from 66 major meteorological stations in Fujian Province from 1981 to 2020. According to the influence time of each typhoon every year, the non-typhoon rainstorm data was obtained by excluding the typhoon rainstorm data. Combined with the ground basic data, the non-typhoon rainstorm disaster risk assessment was carried out. The objectives were to: 1) focus on the impact of non-typhoon rainstorms and discuss the risk assessment methods of non-typhoon rainstorms, 2) analyze the characteristics of non-typhoon rainstorms hazard, the sensitivity of disaster-formative environment, the vulnerability of disaster-affected bodies and the ability of disaster prevention and mitigation, 3) obtain the spatial pattern of non-typhoon rainstorm risks. The outcome of this study can provide effective scientific support for decision-making of disaster prevention and mitigation departments.
2 DATA AND METHODS
2.1 Data source
As shown in Table 1, it lists the main data and their source. The non-typhoon rainstorm data come from the Fujian Climate Center. According to the definitions of rainstorm day and rainstorm process in the Provisional Regulations on Disaster Weather Forecasting Services in Fujian Province issued by the Science, Technology and Forecast Division of Fujian Meteorological Bureau, that is, a rainstorm day refers to at least three stations with daily rainfall exceeding 50 mm and a rainstorm process refers to a weather process with more than one consecutive rainstorm day. The daily precipitation data (20-20 o’clock) of 66 meteorological stations (Figure 1) from 1981 to 2020 were collected. The rainstorm processes data were extracted based on the definitions of rainstorm day and rainstorm process. According to the influence time of each typhoon every year, 614 non-typhoon rainstorm processes data were obtained after removing the typhoon rainstorm processes data. The basic information and disaster data of non-typhoon rainstorm cases that have affected Fujian Province during 1981–2020 come from Climatological Bulletin of Fujian Province (2001–2020) and the Climate of FUJIAN (Second Edition) (Lu and Wang, 2012). The topographic data of Disaster-formative environment is a 30 m resolution DEM generated from the 1:100000 topographic map of Fujian Province. The geological disaster points data come from the website of Fujian Provincial Department of Natural Resources, and the geological disaster points density is obtained by statistical analysis and calculation with town level administrative region as the basic unit. Most of the data related to the vulnerability of disaster-affected bodies and ability of disaster prevention and mitigation come from the 2021 Fujian Statistical Yearbook and the 7th National Census Bulletin of nine prefecture-level cities in Fujian Province, China.
TABLE 1 | Data source.
[image: Table 1]2.2 Methods
2.2.1 Indices system
According to the disaster system theory (Shi, 2002; Shi et al., 2014), disaster risk is the result of the comprehensive effect of disaster-causing factors, disaster-formative environment and disaster-affected bodies. Based on the study on disaster mechanism of non-typhoon rainstorm and the characteristics of disaster-formative environment and disaster-affected bodies in Fujian Province, the characterization indicators of non-typhoon rainstorm disaster risk were selected from four aspects: hazard of the disaster-causing factors, sensitivity of the disaster-formative environment, vulnerability of the disaster-affected body and disaster prevention and mitigation ability.
Disaster-causing factor is the direct cause of disaster. It is a universal natural phenomenon that is generally unavoidable and difficult to change. Hazard analysis of disaster-causing factor is the basis of risk assessment. Its core is studying the characteristics of the spatiotemporal conditions, probability, and intensity of disaster-causing factors, and then obtaining the hazard results. The spatiotemporal conditions refer to determining the time span and spatial scope of the impact of the disaster-causing factors. Therefore, this study analyzed the hazard of the disaster-causing factors based on the intensity and spatiotemporal scope analysis of non-typhoon rainstorms.
The disaster-formative environment refers to the natural environment in the area affected by rainstorm, which has regional differences. The overlay of different disaster-formative environments, different disaster-causing factors and different disaster-affected body will produce different types of disasters. The more sensitive the disaster-formative environment is, the greater the risk of disasters. Among the influencing factors of disaster-formative environment, the most important are terrain factors. The changes of terrain factors will cause a series of changes in other elements such as hydrology, climate, soil and vegetation. Therefore, the sensitivity analysis of terrain factors can be used to reflect the sensitivity of non-typhoon rainstorm disaster-formative environment. Consequently, this study selected the elevation, slope, terrain relief and the density of potential geological disaster points to analyze the sensitivity of the non-typhoon rainstorm disaster-formative environment in Fujian.
The disaster-affected body refers to the human socio-economic system in the rainstorm disaster affected area. Its characterization indicators include population density, wealth accumulation, crop sown area, urban morphological characteristics and infrastructure conditions. The combination and spatial distribution of their quantity and quality are the main causes of rainstorm disasters. The vulnerability of non-typhoon rainstorm disaster-affected bodies refers to the characteristics of disaster-affected bodies that are easily damaged and injured by rainstorm. The greater the vulnerability value, the weaker the ability of the disaster-affected body to resist the impact of rainstorm disasters, and the greater the risk. On the contrary, it shows that the stronger the ability of the disaster-affected body to resist the impact of rainstorm disasters, the smaller the risk. This study analyzed the vulnerability of non-typhoon rainstorm disaster-affected bodies in Fujian Province based on the analysis of population and social economy.
The main purpose of disaster prevention and mitigation is to reduce the loss of life and property caused by disasters. The ability of disaster prevention and mitigation is also reflected in the prediction before disaster, the response and rescue when disaster occurs, and the recovery and reconstruction after disaster. According to the National Comprehensive Disaster Prevention and Mitigation Plan (2016–2020) and the Emergency Response Law of the People’s Republic of China, combined with the actual situation of Fujian Province, this study selected relevant indicators from three aspects: the monitoring and early warning capabilities, emergency response and rescue capabilities and post disaster recovery ability to characterize the disaster prevention and mitigation ability of non-typhoon rainstorm disasters.
In summary, twenty-four indices from four aspects were selected to characterize the risk of non-typhoon rainstorm disaster (Table 2).
TABLE 2 | Indices system of the non-typhoon rainstorm disaster risk assessment of Fujian Province, China.
[image: Table 2]2.2.2 Index weight-determination method
Commonly used index weight-determination methods include subjective weighting and objective weighting. Subjective weighting method determines the weight of each index by scoring according to the importance of index. It includes cycle scoring method, binomial coefficient method, analytic hierarchy process, etc. Since this method determines the weight by individual judgment of experts, it has greater randomness when there are many indicators. Objective weighting method uses the objective information reflected by each index to weight, such as correlation coefficient weighting method, entropy method, etc. Although this method can reflect the amount of information of each index, it cannot benefit from the knowledge and experience of decision-makers (Sahoo et al., 2016). Considering that the combination weighting method gives each index a different weight based on the data characteristics and empirical judgment, provides additional insights into overcoming the one-sidedness of a single subjective or objective weighting method (Xie et al., 2022b), and has been commonly employed (Tian et al., 2020; Xie and LiuXu, 2022a; Xie et al., 2022b; Wu et al., 2022). Therefore, this study used the combination weighting method to determine the index weight. Using the idea of analytic hierarchy process (AHP) for reference, the importance degree was judged in the first-level indicators layer with less classification, and the weights were determined by AHP, while the weights of the second and third-level indicators layer were determined by the correlation coefficient weighting method and entropy method (see Table 2). Among them, the hazard indices of disaster-causing factors were weighted by correlation coefficient method, while the sensitivity indices of disaster-formative environment, vulnerability indices of disaster-affected body and the ability indices of disaster prevention and mitigation were comprehensively weighted by correlation coefficient method and entropy method. The average weight calculated by the two methods was taken as the weight of the corresponding indicator.
2.2.2.1 Data standardization
There are many influential factors involved in the comprehensive risk assessment. Different factors are represented by different indicators, and the dimensions and magnitudes of each indicator are also different, so it needs to be standardized. The range standardization method was used in this study. The calculation formula is shown in Eqs 1, 2.
[image: image]
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where rij is the standardized value of the ith evaluating object on the jth index, and max(xij) and min(xij) are the maximum and minimum of the ith evaluating object on the jth index, respectively. Among the indices, Eq. 1 should be used for those that strengthen the evaluating result, while Eq. 2 should be used for those that weaken the result.
2.2.2.2 The analytic hierarchy process method
The AHP method is one of the most widely employed subjective weighting methods. The AHP can integrate the effects of various variables and comprehensively consider the subjective experience of the data (Xie et al., 2022b). The weights of the four first-level indices were calculated by AHP method. The calculation steps were as follows:
① Construction of judgment matrix
The numbers 1–9 and their reciprocal were used as scales (see Table 3) to compare the four factors in pairs and construct the judgment matrix A.in which, A is the judgment matrix, aij represents the judgment value of the relative importance of factor ai to factor aj, and n is the number of factors.
② The weight of each index was calculated by sum-product method.
③ In order to prove the scientific nature and rationality of weights, a consistency test was required.
TABLE 3 | Scales of Judgment matrix and their meanings.
[image: Table 3][image: image]
Firstly, the maximum characteristic root and consistency index CI of the judgment matrix were calculated. Then the average random consistency index RI was found to be 0.89. And then the consistency ratio CR was calculated to be 0.0436, less than 0.1, indicating that the comparison between the factors in the judgment matrix was reasonable, which further indicated that the index weight calculated in step (2) was reasonable.
2.2.2.3 The correlation coefficient weighting method
Correlation coefficient weighting method determines the weight according to the internal relationship between indicators (Li, 2007). It has no clear constraint on factors and can solve the correlation problem between factors. The calculation steps were as follows:
① The correlation coefficient matrix U of the m evaluation indices was obtained.
[image: image]
in which, U is the correlation coefficient matrix, uij (i, j = 1,2, … , m) is the correlation coefficient between the ith evaluation index and the jth evaluation index.
② The multivariate correlation coefficients between the ith evaluation index and other m-1 evaluation indices were calculated by Eq. 5.
[image: image]
in which, [image: image] is the inverse matrix of the correlation coefficient matrix of m-1 indices excluding the ith index, and ui is the m-1 dimensional column vector of the ith column vector in U after removing the element i.
③ The weight wi of each evaluation index can be obtained by normalizing the reciprocal of [image: image] as Eq. 6.
[image: image]
2.2.2.4 The entropy method
The entropy method determines the index weight by using the spatial fluctuations of the data, which can eliminate human interference and make the evaluation result more objective (Ye et al., 2020). The calculation steps were as follows:
① Suppose there are l evaluating objects, and each object has m evaluating indices, then an original indices value matrix X is formed.
[image: image]
② Eqs 1, 2 is used to standardize the original indices value matrix X to generate standardized matrix R, and rij is the element of R.
③ According to the traditional entropy concept, the entropy of each evaluating index can be defined as
[image: image]
Where [image: image], to make [image: image] be meaningful, fij is set as
[image: image]
④ The weight of the entropy of each evaluating index can be expressed as
[image: image]
in which, 0 ≤ wj ≤ 1, [image: image].
2.2.3 Comprehensive risk assessment method
Weighted comprehensive evaluation method considers the overall impact of various factors on the assessment object. It groups various specific indices together, and uses a quantitative index to express the advantages and weaknesses of the whole evaluation object. This method is commonly used. It is especially suitable for comprehensive analysis, evaluation and optimization of technology, decision-making, or a case study (Zhang and Li, 2007; Ye et al., 2020). The risk of non-typhoon rainstorm disaster relates to many factors with different influences. Therefore, the weighted comprehensive evaluation method was used to group the specific indices together, which can be expressed as
[image: image]
where C is the value of the composite risk index; ck is the standard value of the kth indicator; and wk is the weight of the kth indicator.
3 RESULTS
According to the characteristics of the non-typhoon rainstorm disasters in Fujian Province, the risk analysis of non-typhoon rainstorm disasters was carried out from four aspects: Hazard of the disaster-causing factors, sensitivity of the disaster-formative environment, vulnerability of the disaster-affected bodies and ability of the disaster prevention and mitigation. The risk assessment indices system and the assessment model based on GIS were combined to complete the non-typhoon rainstorm disaster risk assessment in Fujian Province, China.
3.1 Hazard analysis of the disaster-causing factors
On the basis of obtaining the relevant data of non-typhoon rainstorm hazard indicators, the standardization process was carried out according to Eq. 1, and then the non-typhoon rainstorm hazard index of each site was calculated according to the calculated indicator weights (Table 2) and Eq. 11. The spatial distribution pattern of non-typhoon rainstorm hazard in Fujian Province was obtained by using GIS spatial interpolation method and natural breakpoint classification method, as shown in Figure 2 and Table 4.
[image: Figure 2]FIGURE 2 | Hazard of non-typhoon rainstorm.
TABLE 4 | Proportion of different hazard levels over the whole province.
[image: Table 4]As can be seen from Figure 2 and Table 4, the spatial pattern of non-typhoon rainstorm hazard in Fujian Province is very different from that of typhoon rainstorm hazard in this study area (Ye, 2015; Ye et al., 2020). It generally presents a gradually increasing distribution pattern from the eastern coastal areas to the western mountainous areas. In addition to the northwest of Fujian, the middle or above hazard areas were also observed in the narrow and long area of the southeast coast of Fujian. The higher hazard areas and the high hazard areas accounted for 9.45% and 14.43% of the province’s area respectively, and were mainly observed in the northwest of Fujian with Wuyishan, Guangze, Jianning, and Ninghua as the center, and Zhangpu, Yunxiao and Zhao’an in the southeast corner of Fujian. The middle hazard areas accounted for 22.16% of the province, including some counties (cities) outside the high hazard areas in the northwest and west of Fujian, and some counties (cities) in the northeast and southeast coast of Fujian. The central Fujian province and most of the areas between the northwestern and central mountain ranges of Fujian exhibited low and lower hazard, which accounted for 53.96% of the province. The spatial pattern of non-typhoon rainstorm hazard is obviously affected by the topography of Fujian Province. Most of the non-typhoon rainstorms in Fujian province were systematic frontal precipitation caused by interaction of cold and warm air. The cold air moving south was blocked by the Wuyi Mountain Range in the northwest of Fujian and moved slowly. When the warm and humid air flow from the southeastern sea intruded Fujian along the two mountain ranges in the middle and northwest of Fujian, heavy precipitation occurred and fell on the southeast side of the two mountain ranges under the combined action of cold air and topography uplifting. During the rainy season, the rainstorm started from the southeastern coast, intruded the inland areas of Fujian along the southeast-northwest direction, and would be intensified by the uplifting effect of the topography. Therefore, the distribution of the two middle or above hazard areas in Figure 2 was consistent with the distribution pattern of the climate characteristics of the non-typhoon rainstorm in Fujian. The main rainstorm region was in the northwest of Fujian, and the secondary rainstorm region was in the southeast coast of Fujian. Most of the areas between the two mountain ranges received relatively little rainfall, and exhibited relatively lower hazard.
3.2 Sensitivity analysis of the disaster-formative environment
For the sensitivity of the disaster-formative environment, the lower the altitude, the smaller the terrain relief, and the closer the area to the river, the more likely it is to be affected by rainstorm-flood disasters. The greater the slope and the more potential geological disaster points, the greater the sensitivity, and the more likely the rainstorm will cause geological disasters such as landslides and debris flows. Therefore, when standardizing the data related to the sensitivity factors of the disaster-formative environment, slope and density of potential geological disaster points were regarded as positive indicators, which were standardized by Eq. 1. And elevation, terrain relief and distance to the river were regarded as negative indicators, which were standardized by Eq. 2. On this basis, the sensitivity index of disaster-formative environment was calculated according to the calculated weights (Table 2) and Eq. 11. The spatial distribution pattern of the disaster-formative environment sensitivity in Fujian Province was obtained by natural breakpoint classification method, as shown in Figure 3.
[image: Figure 3]FIGURE 3 | Sensitivity of the disaster-formative environment.
As can be seen from Figure 3, The higher sensitivity areas and the high sensitivity areas were observed in the eastern coastal areas and river valley, accounted for 12.96% and 29.43% of the province’s area respectively. Among them, the southeastern coastal areas were the most prominent. The middle sensitivity areas accounted for 29.90% of the province. The low sensitivity areas and the lower sensitivity areas were mainly located in the high-altitude areas of the two mountains of central and western Fujian, and accounted for 28.04% of the province. This distribution pattern also indicated that the environment-formative sensitivity of non-typhoon rainstorm disaster was generally high in Fujian Province due to the fragmented terrain and numerous rivers.
3.3 Vulnerability analysis of the disaster-affected bodies
The standardization of the relevant data of disaster-affected bodies was carried out according to Eq. 1, and then the disaster-affected bodies vulnerability index of each county (city) was calculated according to the calculated indicator weights (Table 2) and Eq. 11. According to the classification of natural breakpoints, the spatial pattern of vulnerability of non-typhoon rainstorm disaster-affected bodies in Fujian Province was obtained as shown in Figure 4 and Table 5.
[image: Figure 4]FIGURE 4 | Vulnerability of the disaster-affected bodies.
TABLE 5 | Proportion of different vulnerability levels over the whole province.
[image: Table 5]As can be seen from Figure 4 and Table 5, the spatial difference of the disaster-affected bodies vulnerability in Fujian Province is clear, and presents a pattern of higher or high in the east and lower or low in the west. The areas with higher and high vulnerability were mostly concentrated in the southeastern coastal areas, accounting for 14.78% of the province. The middle vulnerability regions accounted for 26.96% of the province, and were observed in some counties (cities) in the eastern coast, Nanping city and Longyan city. The vulnerability of most counties (cities) in central, western and northeastern Fujian was low or lower, accounting for 58.26% of the province.
3.4 Ability analysis of the disaster prevention and mitigation
The impact of disaster prevention and mitigation ability on rainstorm disaster is negative, that is, a region with strong disaster prevention and mitigation ability can greatly reduce the impact of rainstorm disaster. After obtained the relevant index data of the disaster prevention and mitigation ability, the standardization process was carried out according to Eq. 2. Comprehensive calculation was made according to the calculated index weight (Table 2) and Eq. 11 to obtain the comprehensive index of disaster prevention and mitigation ability. The spatial pattern of disaster prevention and mitigation ability for non-typhoon rainstorm disasters in Fujian Province was obtained according to the classification of natural breakpoints, as shown in Figure 5 and Table 6.
[image: Figure 5]FIGURE 5 | Spatial distribution pattern of the disaster prevention and mitigation ability.
TABLE 6 | Proportion of different prevention and mitigation ability levels over the whole province.
[image: Table 6]It can be seen from Figure 5 and Table 6 that the spatial difference of the ability of disaster prevention and mitigation in Fujian Province is obvious. Counties (cities) with higher and high ability of disaster prevention and mitigation were mostly concentrated in the eastern coastal area north of Zhangzhou City and Longyan city, accounting for 11.75% of the province’s area. Counties (cities) with middle ability of disaster prevention and mitigation accounted for 30.44% of the province. And the disaster prevention and mitigation ability of the mountainous counties (cities) in Ningde City and most of the counties (cities) in Zhangzhou city, Sanming city and Nanping city was low or lower, accounting for 58.08% of the province.
3.5 Comprehensive risk analysis
Based on the above analysis of non-typhoon rainstorm disaster-causing factors hazard, disaster-formative environment sensitivity, disaster-affected bodies vulnerability, and disaster prevention and mitigation ability, comprehensive calculation was made according to the related index weight (Table 2) and Eq. 11. Spatial pattern of the comprehensive risk of non-typhoon rainstorm in Fujian Province was obtained according to the natural breakpoint classification, as shown in Figure 6 and Table 7.
[image: Figure 6]FIGURE 6 | The spatial distribution pattern of the comprehensive risk of non-typhoon rainstorm disaster.
TABLE 7 | Proportion of different comprehensive risk levels over the whole province.
[image: Table 7]As can be seen from Figure 6 and Table 7, Spatial pattern of the comprehensive risk of non-typhoon rainstorm in Fujian Province is completely different from that of typhoon rainstorm in this study area (Ye, 2015). Its variation trend of non-typhoon rainstorm is similar to that of non-typhoon rainstorm hazard mentioned above, and increases gradually from the southeast coastal area to the mountainous area in the northwest. The risk areas above middle were observed in the northwestern Fujian and the narrow coastal area of southeastern Fujian. Risk of most of the areas between the two mountain ranges in the middle and northwest of Fujian was relatively low. It indicated that the disaster-causing factors of rainstorm were the dominant risk factors of non-typhoon rainstorm. The areas with higher and high risk were basically consistent with the corresponding level of non-typhoon rainstorm hazard, accounting for 9.49% and 13.23% of the province respectively. In addition to some counties (cities) in northwestern Fujian and central Fujian, the middle risk was also observed in some counties (cities) in southeast coastal areas and Fuding, Zherong in northeastern Fujian, which accounted for 21.59% of the province. Inland mountainous areas along the eastern coast, most counties (cities) in southwestern Fujian, and most counties (cities) in central Fujian exhibited low or lower risk, which accounted for 34.34% and 21.36% of the province respectively.
The risk assessment results obtained by above methods reflect the general pattern of the comprehensive risk of non-typhoon rainstorm disasters in the study area, which can also be called the climatic characteristics. In fact, for a single rainstorm case, the spatial pattern of its risk is also different due to inconsistency of the rainstorm cause and the spatial and temporal range of impact. Therefore, in order to illustrate the reliability of the analysis results, four historical cases of non-typhoon rainstorm were selected for verification, and the results are shown in Figure 7.
[image: Figure 7]FIGURE 7 | Spatial distribution pattern of the comprehensive risk of four non-typhoon rainstorm cases. (A) 19980619-0624. (B) 20100614-0626. (C) 20150519-0520. (D) 20160505-0510.
It can be seen from Figure 7 that the spatial pattern of comprehensive risk of non-typhoon rainstorm disasters in the four historical cases is significantly different from that of the general comprehensive risk of non-typhoon rainstorm disasters in Figure 6. In terms of historical cases, most of the higher-risk and high-risk areas of non-typhoon rainstorm cases were concentrated in northwestern Fujian, but the comprehensive risk pattern of different cases was significantly different.
As can be seen from Figure 7A, the higher-risk and high-risk areas of rainstorm from June 19 to 24, 1998 were mainly observed in Nanping City in northern Fujian, and the risk was relatively low in the southeastern coast of Fujian and most of the areas in central and western Fujian. According to the relevant records, due to the continuous precipitation, the reservoirs in northern Fujian were full, the water level of rivers rose sharply, and Jianxi and Futunxi had suffered multiple floods that exceeded the dangerous water level. And Guangzhuang, Shaowu, Jian’ou and many other counties (cities) were flooded. These flooded counties (cities) were mostly concentrated in the higher-risk and high-risk areas in Figure 7A.
As can be seen from Figure 7B, the rainstorm from June 14 to 26, 2010 lasted for nearly half a month and affected a wide range of areas. Its higher-risk and high-risk areas were widely distributed, mainly included Sanming and Nanping in the northwest of Fujian Province and some counties (cities) in Fuzhou and Putian in the central coastal area. Ningde in the northeast of Fujian, Zhangzhou and Xiamen in the southeast of Fujian, and some counties (cities) in the southwest of Fujian exhibited low or lower risk. According to the Climatological Bulletin of Fujian Province (2010), the rainstorm process was characterized by long duration, large amount of rainfall, wide range of heavy rain, strong rainfall intensity and concentrated area of heavy rain. Heavy rainstorms and extremely heavy rainstorms were mostly concentrated in Nanping city and Sanming city. There were seven counties (cities) of Nanping, Shaxian, Shunchang, Jiangle, Changting, Jianning and Taining with process rainfall 300% above normal. And four counties (cities) of Nanping, Shunchang, Taining and Fuqing ranked the highest precipitation in the same period since 1961. The continuous heavy rainstorm brought severe disasters and losses to Fujian Province. It caused 59,500 houses to collapse, 78 deaths and 79 persons missing, and a direct economic loss of 14.46 billion yuan. These worst-hit areas are the higher-risk and high-risk areas in Figure 7B.
As can be seen from Figure 7C, the impact area of the rainstorm from May 19 to 20, 2015 was relatively small. Its higher-risk and high-risk areas were only observed in Ninghua and Qingliu of Sanming City, and areas outside Sanming City were all exhibited low or lower risk. According to the Climatological Bulletin of Fujian Province (2015), the western and southern parts of Fujian Province experienced heavy rains or extremely heavy rains. The daily rainfall of Qingliu broke the historical maximum precipitation record, and the daily rainfall of Ninghua ranked the second in the history of this station during the same period. Some urban areas and towns in Qingliu, Ninghua and Changting counties were flooded for more than 10 h, with the maximum water depth exceeding 2 m. The flooded areas recorded here were consistent with the middle-to-higher risk areas shown in Figure 7C.
It can be seen from Figure 7D that the rainstorm from May 5 to 10, 2016 mainly impacted the Sanming and Nanping cities, and the middle-risk and high-risk areas were mainly observed in these areas. According to the Climatological Bulletin of Fujian Province (2016), From May 5th to 10th, a large-scale heavy rain process occurred in Fujian Province, which was characterized by long duration, concentrated heavy rainfall area, and large amount of rainfall. Sanming and Nanping cities, where the heavy rainfall was concentrated, were severely affected. The severely affected areas recorded here were consistent with the middle-high risk areas shown in Figure 7D.
The risk pattern of the above four historical cases of non-typhoon rainstorm shows that the higher-risk and high-risk areas of a single non-typhoon rainstorm case are generally small. Except for the rainstorm in June 2010, the higher-risk and high-risk areas of the other three cases were limited to a small local area. The intensity, duration, scope and concentration of rainstorm directly affect its hazard, and then affect the spatial pattern of comprehensive risk.
4 DISCUSSION
As for the natural disaster risk in the study area, previous studies mainly focused on typhoon disaster (Ye et al., 2020; Zhu et al., 2017; Ye, 2015; Chen, 2007b), and paid less attention to the risk of rainstorm disaster. A few risk assessments for rainstorm disasters did not distinguish different types of rainstorms. Ye (2015) carried out the risk assessment of typhoon rainstorm based on different landing paths. The results showed that the risk of typhoon rainstorm in Fujian Province gradually decreased from the eastern coastal area to the western inland area, and the high-risk areas were mainly concentrated in the coastal areas, but the risk pattern of typhoon rainstorm notably differ between different landing paths. The result showed that the spatial pattern of the comprehensive risk of non-typhoon rainstorm in Fujian Province is completely different from that of typhoon rainstorm. It shows a gradually increasing trend from the eastern coastal area to the mountainous area in the northwest. But the risk areas above middle were observed in the northwestern Fujian and the narrow coastal area of southeastern Fujian. Chen (2007a) constructed the index system and assessment model from two aspects of disaster-causing factors and disaster-affected bodies, and carried out the risk assessment of rainstorm flood disasters in Fujian Province. The study showed that the high-risk areas of rainstorm flood disasters were mainly distributed in the eastern coastal areas from north to south and the windward slope areas of the Wuyi Mountain Range in the northwest, but it did not distinguish rainstorm types. This paper not only focused on the study of non-typhoon rainstorm, but also made great improvements in data acquisition, index selection, evaluation model construction, etc. It was verified by examples. The results showed that the high-risk and higher-risk areas in northwestern Fujian were consistent with the results of Chen (2007a), but the overall pattern of risk and the high and higher-risk areas in the east coast were different. The high and higher-risk areas in the east were only observed in the narrow coastal area of the southeast. Therefore, it is necessary to distinguish different types of rainstorm and carry out different types of rainstorm disaster risk assessment, and the research results are more scientific and reasonable.
Existing studies have shown that non-typhoon rainstorms in Fujian Province can be further divided into spring rainstorm, rainy season rainstorm, summer rainstorm, autumn rainstorm and winter rainstorm according to different seasons, and the temporal and spatial distribution and intensity characteristics of rainstorms in different seasons were significantly different. Among them, the rainy season rainstorm was the most intense and the most serious non-typhoon rainstorm. The cases given in this paper all belonged to the rainy season rainstorm, which were significantly representative. Further research may consider classifying non-typhoon rainstorms by season and carry out more targeted risk assessment based on non-typhoon rainstorms in different seasons.
5 CONCLUSION
Based on the non-typhoon rainstorm data of major meteorological stations in Fujian Province in the recent 40 years, combined with ground basic data and social economic data, this study established an indices system from four aspects: Disaster-causing factors, disaster-formative environment, disaster-affected bodies, and disaster prevention and mitigation abilities. Based on the analytic hierarchy process, the entropy method and the correlation coefficient analysis method, the combination weighting was assigned to carry out the non-typhoon rainstorm disaster risk assessment. The main conclusion are as follows:
1) The spatial pattern of the comprehensive risk of non-typhoon rainstorm in Fujian Province is completely different from that of typhoon rainstorm in this study area. It shows a gradually increasing trend from the eastern coastal area to the mountainous area in the northwest. But the risk areas above middle were observed in the northwestern Fujian and the narrow coastal area of southeastern Fujian.
2) The variation trend of the non-typhoon rainstorm comprehensive risk is similar to that of non-typhoon rainstorm hazard. It indicated that the disaster-causing factors were the dominant risk factors of non-typhoon rainstorm. The spatial pattern of non-typhoon rainstorm hazard is obviously affected by the topography of Fujian Province. Moreover, intensity, duration, impact scope and concentration of non-typhoon rainstorm also directly affect its hazard, and then affect the spatial pattern of comprehensive risk.
3) The comprehensive risk pattern of a specific historical non-typhoon rainstorm case is significantly different from that of the general comprehensive risk of non-typhoon rainstorm disasters. In terms of historical cases, most of the higher-risk and high-risk areas of non-typhoon rainstorm cases were generally small, and were concentrated in northwestern Fujian, but the comprehensive risk pattern of different cases was significantly different.
4) The rainy season rainstorm is the most representative non-typhoon rainstorm. And the temporal and spatial distribution and intensity characteristics of non-typhoon rainstorms in different seasons are significantly different. Further research may consider classifying non-typhoon rainstorms by season and carry out more targeted risk assessment based on non-typhoon rainstorms in different seasons.
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