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Abstract

:

The impact of global climate change is gradually intensifying, and the frequent occurrence of meteorological disasters poses a serious challenge to crop production. Analyzing and evaluating agricultural multi-hazard meteorological disaster risks based on historical disaster data and a summary of disaster occurrences and development patterns are important bases for the effective reduction of natural disaster risks and the regulation of agricultural production. This paper explores the technical system of agricultural multi-hazard meteorological disaster risk assessment and establishes a disaster risk assessment model based on the historical disaster data at the regional level from 1978–2020 in the first national comprehensive natural disaster risk census, carrying out multi-hazard meteorological disaster risk assessments in 18 major grain-producing regions in Jilin province. The empirical evidence shows: (1) drought and flood disasters are the key disasters for agricultural meteorological disaster prevention in Jilin province. Hotspots of drought and flood disasters are widely distributed in the study area, while hail and typhoons are mainly concentrated in the eastern region with a certain regionality. (2) The risk values of the four major meteorological disasters all decreased with the increase of the disaster index. Under the same disaster index, the disaster risk of various disasters in the main grain-producing areas is as follows: drought > flood > typhoon > hail. Under different disaster indices, Jiutai, Nongan, Yitong, Tongyu, and other places all presented high and medium–high risk levels. (3) From the spatial evolution trend, along with the rising disaster index, the risk of multi-hazard meteorological hazards is spatially oriented in a southeastern direction, and the risk level of multi-hazard meteorological hazards in the central part of the study area decreases gradually along with the increasing damage index. In addition, regional agricultural multi-hazard meteorological disaster risk reduction recommendations are made in three aspects: institutional construction, management model, and reduction capacity.
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1. Introduction


The Sixth Assessment Report of the IPCC, held in August 2021, noted that climate change has affected the occurrence of a number of extreme weather and climate events in all regions of the world [1]. Global warming and urbanization have brought about changes in the intensity and frequency of weather-causing factors and in the exposure of crop-bearing bodies, which have important implications for agricultural production’s ability to withstand natural disasters, and the assessment of agricultural multi-hazard disaster risks is important for formulating disaster reduction measures and increasing farmers’ income [2,3,4,5]. China is one of the countries that is most severely affected by natural disasters in the world due to its vast territory, complex geographical environment, large climate fluctuations, poor ecological stability, and high frequency and intensity of multiple disaster types. Although agricultural production has gradually declined in the process of economic development due to rapid economic growth, it is undeniable that agriculture plays a major role in ensuring people’s living standards and the stable operation of the national economy. Natural disasters pose a major challenge to China’s food security. The analysis and evaluation of agricultural multi-hazard meteorological disaster risks based on historical disaster data and the summary of disaster occurrence patterns are important bases for regulating agricultural production and effectively mitigating natural disaster risks. The total grain output of Jilin province in 2021 was 80.784 billion pounds, maintaining the fifth position among all provinces in the national ranking; the grain yield was 941.3 pounds/acres, increasing by 48.7 pounds/acres compared with the previous year. The yield maintained Jilin province’s position of fourth place among all provinces in China (http://www.moa.gov.cn/xw/qg/202112/t20211227_6385576.htm, accessed on 5 May 2022). All data reflect that Jilin province’s food security production cannot be ignored.



Agricultural production relies on the natural environment for animal and plant growth and is more vulnerable to natural disasters than other industries. In recent years, agricultural disaster risk assessment has been carried out in various large food-producing regions. Kim et al. used the heavy rain damage risk index (HDRI) to analyze flood risk levels in the southern region of Korea, to determine high-risk cities and five causes of damage, and to propose reduction and control programs based on regional risk levels and hazard types [6]. Liu et al. used a comprehensive multi-indicator evaluation method, combined with an entropic information diffusion model, to assess the risk of agricultural droughts and floods in the middle and lower reaches of the Yangtze River, proposing relevant policy recommendations based on the assessment results [7]. Summarizing the past studies, it was found that the agricultural multi-disaster risk assessment mainly focused on single-hazard or single-crop studies, and there were few multi-hazard risk assessments. Furthermore, in terms of the use of historical disaster data, the historical disaster data were mostly based on regional or national assessment units, and there was little guidance for disaster risk assessment and work in small regions.



Since the 21st century, various countries have gradually tried to establish national or regional disaster risk databases, such as the Emergency Disaster Database (EM-DAT) of the National Centre for Research on the Epidemiology of Disasters of the University of Leuven in Belgium, the Natural Disaster Database (Nat-Cat) of the Munich Reinsurance Company in Germany, and the database of the Swiss Reinsurance Company (Sigma), etc. [8,9,10,11]. However, these databases are often based on regional or national statistical units, and the spatial distribution of risks is vague and thus cannot accurately guide the local agricultural safety production and disaster reduction work. Moreover, historical disaster information of small-scale regional units often exists in the form of reports, yearbooks, news reports, disaster records, etc. The statistical caliber of disaster indicators varies especially greatly among different departments, making it difficult for disaster reduction departments to effectively collect and use early historical disaster data.



China plans to carry out the first national comprehensive natural disaster risk census in 2020–2022, which is a survey of China’s natural disaster risk potential and basic national conditions, and this work is currently under intense progress [12]. The construction of historical disaster surveys and databases is the highlight of the first comprehensive natural disaster risk survey. The Emergency Management Department coordinates the collection of historical disaster archives from 1978 to 2020 by various sectors (e.g., Water, Meteorological, Agricultural). This is the first large-scale and comprehensive risk survey since the founding of the People’s Republic of China. This data survey is characterized by a large amount of data with many sectors involved featuring a full range of disaster types. The collected data are of great significance for the future assessment of natural disaster risk and the sustainable development of agriculture in China.



In this study, we used the meteorological disaster data and related historical disaster files from the first comprehensive natural disaster risk census, and used the crop disaster index to characterize the impact range of each disaster. After combining the historical disaster database of the first comprehensive natural disaster risk census and the actual situation in the main grain-producing areas of Jilin province, the agricultural multi-hazard meteorological hazards in the study area were confirmed. We analyzed and evaluated the risk of agricultural multi-hazard meteorological disasters in the region by constructing an agricultural multi-hazard meteorological disaster risk assessment model, and obtained the risk level and spatial variation of agricultural multi-hazard meteorological hazards under different disaster indices. The study is a useful exploration of the application of natural disaster census data to multi-hazard meteorological disaster risk assessment methods at the county level, and provides a quantitative basis for relevant departments to scientifically formulate disaster reduction and mitigation policies and plans. The main contributions of the article are as follows:




	
Disaster risk identification: confirm the hotspots of various disasters in the study area;



	
Disaster risk analysis: calculate the meteorological disaster risk value of the study area and the weight of a single disaster risk in each region;



	
Disaster risk assessment: determine the multi-hazard risk level and spatial differentiation in the study area;



	
Disaster risk reduction: put forward three suggestions for the reduction of food safety production in the study area.









2. Materials and Methods


2.1. Study Area


Jilin province is located at mid-latitudes on the eastern side of the Eurasian continent (121°38′ E–131°19′ E, 40°52′ N–46°18′ N). It has a land area of about 187,400 km². The area is rich in products and is fertile; the main grain crops are corn and rice. It is one of the three major black soil distribution areas in the world. The eastern part of Jilin is the Changbai Mountains, the central part is Song Liao Plain, and the western part is the Horqin Grassland. The terrain is high in the southeast and low in the northwest, with significant differences in geomorphology and obvious spatial differentiation in land use types [13,14]. Climatic conditions are an important factor influencing the layout and structure of food crops. The study area is influenced by the westerly wind circulation and the low-pressure system of Lake Baikal. In terms of seasonal distribution, rapid warming and high insolation rates in spring provide light resources for the early stages of crop production. High temperatures and rain in summer with long daylight hours are favorable for crops to photosynthesize. Autumn has sufficient light, a large temperature difference between day and night, more sunshine, and less rain, which is conducive to nutrient accumulation in food crops. Cold and long winters reduce the occurrence of pests and pesticide use, which is conducive to the rest and recuperation of arable land. There are obvious seasonal variations and regional differences in temperature and precipitation in Jilin province [15,16,17]. The average winter temperature is below −11 °C, and the average summer temperature is above 23 °C. The frost-free period is 100–160 days, and there is an annual average of 2259–3016 h of sunshine with a sunshine rate of 50–70%. The average annual precipitation is 400–600 mm, with summer exceeding the sum of spring, autumn, and winter, just at the peak of crop development and growth with light, heat, and rain arriving simultaneously; this is a unique advantage for crop cultivation in Jilin province [18,19,20]. There is an obvious wet to semi-humid to semi-arid transition from the east to the west, and the alluvial plain area covered by sand dunes in the west is a sensitive area for climate change response and an important agricultural production base in China; thus, there is some theoretical significance and practical value to studying the integrated risk law of multi-hazards in the study area. Combining the available data, the article classifies the province’s grain yield using the natural intermittent classification method based on the grain yield data of 60 districts in Jilin province in 2020, and finally obtains 18 districts with high and medium–high yield grades as the study area (Figure 1a). The study area is mostly arable land with an arable land cover of 70% (Figure 1b).




2.2. Data Sources


The historical disaster survey of the first national comprehensive natural disaster risk census uses the district as its basic survey unit. Seven types of disasters, namely, drought, flood, typhoon, hail, sandstorm, freezing, and snowstorm, were investigated in the historical disasters from 1978 to 2020. Because of the wide distribution of historical disaster files, non-uniform statistical indicators, and a lack of data precision, the management of historical disaster files has been confusing in various industries. The first national comprehensive natural disaster risk census historical disaster database is the most comprehensive coverage of disaster database construction since the founding of the People’s Republic of China, which is of great significance for the subsequent statistics and predictions of natural disaster risk. The data underlying this study were derived from this historical disaster database (https://fxpc.mem.gov.cn/NationalDisastersProject/#/LoginPage, accessed on 14 January 2022). Through the collation and measurement of all survey data, we obtained basic data for the last 43 years. The basic data and the disaster data, such as sown area, crop damage, and house damage, for each disaster type in the past years were obtained. Taking the main grain-producing areas in Jilin province as the basic evaluation unit, the multi-hazard meteorological disaster risk was studied from the perspective of disaster loss, using the crop damage area and annual sown area data of each disaster in the past years, as well as the grain production data in 2020, as the original data. With the help of the disaster index (disaster index = affected area/sown area), which reflects the degree of agricultural disaster, the larger the index is, the greater the impact of the disaster and the higher the crop yield reduction due to the disaster.



The disaster information for seven major disaster types in the study area was extracted from the historical disaster database of the first comprehensive natural disaster risk census. It mainly includes statistics on the average affected area, average demolished area, and frequency of disasters in the main grain-producing areas of Jilin province (Figure 2). In terms of average affected area, drought has the largest disaster area, while floods, typhoons, and freezing have little difference in disaster areas, indicating that the main grain-producing areas in Jilin province are prone to large disaster areas due to drought. The average demolished area refers to the sown area where the crop yield has been reduced by more than 80% compared with the normal year due to the disaster. The average demolished area can reflect the severity of disasters from the side. The average demolished area of four disasters, namely, drought, flood, hail, and typhoon, exceeds 1000 hm2, indicating that four disasters have a high degree of impact on agricultural production in Jilin province. In terms of the frequency of disasters in the main grain-producing areas, the frequency of droughts, floods, hail, and typhoons all exceed 50 times, which are high-frequency disasters in the main grain-producing areas of Jilin province. Freezing events and snowstorms are common after November, but the main grain-producing areas in Jilin province have completed harvesting and transferring the crop yield into a warehouse, as well as other tasks, by this time, so the impact on the large area of grain damage is minimal. Similarly, sandstorms tend to occur in March, when crops have not been sown and do not cause serious damage. Grain crops in Jilin province are sown in April and harvested in October. These three disasters (freezing, snowstorm, and sandstorm) do not cause widespread damage. Based on the above analysis, four disasters, namely, drought, flood, hail, and typhoon, were selected as the disasters for our study.



From the original data, four disasters affected the main grain-producing areas in Jilin province (Table 1). The average disaster index for drought in Taonan and Qianan in the western region of the study area was greater than 0.5, and the severity of the disaster was more serious compared with other places. Floods and hail occurred with high frequency in the study area but did not cause larger-scale disasters to occur, and the average disaster index was below 0.3. The average disaster index of typhoons in Yitong and Jiutai is relatively high, and the others are at relatively low levels, with certain regional characteristics. In general, there are many kinds of disasters in the main grain-producing areas of Jilin province, and the wide distribution of the affected areas and the multi-hazard meteorological disasters pose a greater threat to the agricultural safety production in the province’s main grain-producing areas, which should attract the attention of local governments and experts.




2.3. Methodology


In this study, we arrived at comprehensive disaster risk assessment research results by using historical disaster data over the years to calculate the disaster index of various disasters, and then using the fuzzy mathematical method for small-area and small-sample risk assessment to infer the risk value of disaster risk occurrence under different disaster indices. The risk level of disaster evaluation was classified using the risk recurrence period, and the risk assessment level and spatial distribution of multi-hazard meteorological disasters at the county level were obtained by weighting each disaster type based on the entropy weighting method. The used multi-hazard risk assessment technical route is shown in Figure 3.



For disaster risk identification, the average affected area was used to calculate the local Getis-Ord Gi* index, and the cold hotspot area of each single disaster species and the dominant disaster species of multi-hazard meteorological hazards in the region were determined. Based on the average affected area of each region, the entropy weight method was used to reflect the amount of information contained in the disasters in the main grain-producing areas so as to obtain the risk assessment weight of each disaster type in each assessment unit.



For the disaster risk analysis, using the agricultural disaster indices of each disaster species, the single sample observations were converted into fuzzy sets by information diffusion coefficients. Meanwhile, a quantitative analysis of regional agricultural multi-hazard meteorological hazards was carried out, and the probability values and risk values of multi-hazards under different disaster indices were calculated for each evaluation unit. In addition, based on the risk values of the disaster risk analysis, the risk recurrence period of each disaster under different disaster indices was calculated, and five risk evaluation levels under different disaster indices were classified according to the actual situation of risk values.



In the disaster risk assessment, the assessment weights in the risk identification stage and the risk evaluation levels in the disaster risk analysis stage were weighted and summed to obtain the risk assessment results of agricultural multi-hazard meteorological hazards for each assessment unit under different disaster indices. In addition, the spatial directionality and predictability of the risk assessment results of agricultural multi-hazard meteorological hazards were studied to obtain their spatial distribution.



2.3.1. Fuzzy Risk Analysis Model


The risk analysis and evaluation of agricultural multi-hazard meteorological disasters was based on the method of fuzzy mathematics to collect the traditional observation sample points in order to solve the problem of insufficient sample data and improve the accuracy of information processing [21,22,23]. The specific operation steps are as follows:



Assume that    y 1  ,  y 2  , ⋯ ,  y m    are the actual values (observations) of risk factor indicators (hazard indicators) in year m, and the set of observation samples is:


   y j  =  {   y 1  ,  y 2  , ⋯ ,  y m   }   



(1)




where:    y j   —sample observation points; m—total number of sample observations.



Let the universe of    y j    (   u i  )  ,    u i   (  i = 1 , 2 … n  )    be the control point of the universe of disaster index:


   u i  =  {   u 1  ,  u 2  , ⋯ ,  u n   }   



(2)




where:    u i   —any discrete real value obtained by discretizing at a fixed interval in the interval [0, 1]; n—the total number of discrete points.



The information carried by each single observation sample value    y j    is diffused to each member of the indicator domain    u i    based on the following equation, the information diffusion equation for    y j   :


   f j   (   u i   )  =  1  h   2 π      e   [  −     (  y j  −  u i  )  2    2  h 2     ]     



(3)




where: h—the diffusion coefficient, which is determined according to the number of samples. It is given by the following equation:


  h =  {          0.8146  (  b − a  )  ,   m = 5       0.5690  (  b − a  )  ,   m = 6       0.4560  (  b − a  )  , m = 7           0.3860  (  b − a  )  , m = 8       0.3362  (  b − a  )  ,   m = 9       0.2986  (  b − a  )  ,   m = 10         2.6851  (  b − a  )     (  m − 1  )    ,   m ≥ 11        



(4)




where: b—the maximum value in the sample set; a—the minimum value in the sample set; m—the number of samples.



If marked:


   C j  =   ∑   i = 1  n   f j   (   u i   )  ,   j = 1 , 2 , … , m  



(5)




then any observation sample    y j    becomes a fuzzy set with    μ  y j    (   u i   )    as the affiliation function, and the affiliation function of the corresponding fuzzy subset is:


   μ  y j    (   u i   )  =    f j   (   u i   )     c j     



(6)




where:    c j    is the sum of    f j   (   u i   )   ;    μ  y j    (   u i   )    is the normalized information distribution of sample    y j   . Then, let:


  Q  (   u i   )  =   ∑   j = 1  m   μ  y j    (   u i   )   



(7)







From the set of observation samples     {   y 1  ,  y 2  , ⋯ ,  y m   }   , it is inferred by information diffusion that if the sample observation can only take one of    {   u 1  ,  u 2  , ⋯ ,  u n   }   , the number of samples with observation    u i    is   q  (   u i   )    when all    y j    are considered as sample representatives.   Q  (   u i   )    is usually not a positive integer, but must be a number not less than 0.


  Q =   ∑   i = 1  n  q  (   u i   )   



(8)







Q is the sum of the number of samples at each    u i    point, so theoretically it should be Q = m, but due to the error of numerical calculation, Q is slightly different from m.


  P  (   u i   )  =   q  (   u i   )   Q   



(9)







P(   u i   ) is the probability value of the sample falling at    u i   , which can be used as a probability estimate. For a single-valued observation sample indicator    y j  =  {   y 1  ,  y 2  , ⋯ ,  y m   }   , take    y j    as an element    u i    in the theoretical domain u. The probability value of exceeding    u i     should be:


  P  ( u ≥  u i  )  =   ∑   k = i  n  P  (   u i   )   



(10)




where P(   u i   ) is the value of the frequency of the sample falling at    u i   , which is the value of the probability of exceeding    u  i      ;   P  ( u ≥  u i  )    is called the risk value or loss value of the hazard factor.




2.3.2. Entropy Weight Method


The entropy weight method is a mathematical formula that calculates a comprehensive index based on the comprehensive consideration of the information provided by various factors. As an objective comprehensive weight determination method, it mainly determines the weight according to the amount of information that each indicator transmits to decision makers. The entropy weight method can accurately reflect the amount of information contained in the disasters of major grain-producing areas and can solve the problems of a large amount of information and the difficulty of accurate quantification for each index of multi-disaster agricultural risk assessment [24,25,26,27,28,29].



If the study area has n assessment units, there are m evaluation indicators reflecting its disaster indicators, which are    X i   (  i = 1 , 2 … m  )   , and the statistical values of each evaluation indicator in each county are obtained. Let its matrix be:


   R ′  =    (   r  i j  ′   )    m × n      (  i = 1 , 2 … m ;   j = 1 , 2 … n  )   



(11)




where    r  i j  ′    is the statistical value of the jth district on the ith index. In order to eliminate the influence of the dimension, the extreme value method is used to standardize the statistical data on   R ′  , and the index standardization matrix    r  i j     is obtained:


   r  i j   =    r  i j  ′  − m i  n j   |   r  i j  ′   |      m a  x j   |   r  i j  ′   |    − m i  n j   |   r  i j  ′   |      × 10  



(12)







After normalization, the information entropy of each index can be calculated. The entropy    H i    of the ith index can be defined as:


   H i  = − t   ∑   j = 1  n   f  i j   l  n   f  i j      



(13)







In the formula


    f  i j   =    r  i j      ∑  j = 1  n   r  i j       ,   t =  1  l n n     



(14)







The entropy weight    w i    of the ith indicator is as follows:


   w i  =   1 −  H i    m −  ∑  i = 1  m   H i     



(15)








2.3.3. Hotspot Analysis


Hotspot and cold spot analysis are performed to delineate the spatial cluster of the average affected area of each single disaster in Jilin province based on the Getis-Ord Gi* statistic using a fixed distance band in ArcGIS software. The local Getis-Ord Gi* was used to identify hotspots with statistical significance, and the extremes and hotspots were spatially superimposed to explore the clustering characteristics of each disaster distribution in the study area. The Z-score obtained using ArcGIS software identifies regions that have high or low clustering in space. A larger Z-score indicates a stronger clustering of high values (hot spots), a smaller Z-score indicates a stronger clustering of low values (cold spots), and a Z-score closer to zero indicates no significant spatial clustering [30,31,32,33].



The Getis-Ord local statistic is given as:


   G i *  =    ∑  j = 1  n   w  i , j    x j  −  x ¯   ∑  j = 1  n   w  i , j          [  n  ∑  j = 1  n   w  i , j  2  −    (   ∑  j = 1  n   w  i , j    )   2   ]    n − 1    S     



(16)




where    x j    is the attribute value for feature j,    w  i , j     is the spatial weight between features i and j, n is equal to the total number of features, and:


   x ¯  =    ∑  j = 1  n   x j   n   



(17)






  S =      ∑  j = 1  n   w j 2   n  −    (  x ¯  )   2     



(18)







The    G i *    statistic is a Z-score, so no further calculations are required.




2.3.4. Ordinary Kriging


Kriging in geostatistics refers to a family of generalized least square regression methods. It helps to estimate the unknown variable values at unobserved locations based on the observed known values at surrounding locations [34,35]. The general expression of the ordinary kriging to estimate missing value of variable Z in space is given by:


  Z  (   x 0   )  =   ∑   i = 1  n   λ i  Z  (   x i   )   



(19)




where   Z  (   x 0   )      refers to the estimated missing value of variable Z (multi-hazard risk assessment levels in this study) at desired location    x 0   ;    λ i    is the kriging weights associated with the observation at location    x i    with respect to    x 0   ; and n indicates the number of observed data points.






3. Results and Discussion


3.1. The Characteristics of Agricultural Multi-Hazard Meteorological Disasters


Grasping the development characteristics of disaster risk is one of the important links for effective disaster reduction and control. The statistical analysis of the affected area of the major meteorological disasters in Jilin province was carried out by combination with the previous statistical data. The purpose of this section is to provide a preliminary understanding of the disaster situation in the region and to provide a reference for the determination of the dominant disaster types later. However, due to the different degrees of retention of historical records, there is missing data for some years.



The drought disaster not only affected a large area of crops, but also affected a wide range; all the major food production areas have been affected by the drought disaster. Nongan and Yushu were seriously affected by the drought, with the average affected area exceeding 100 khm2 (Figure 4a). The average affected area caused by flood disasters has decreased compared with drought, and the average affected area of each main grain-producing area is below 40 khm2; however, the average affected area in Taonan, Tongyu, and Zhenlai is higher compared with other places, which has a certain correlation with the water system, such as Nen Jiang River or Jiao Liu River, in the region (Figure 4b). Typhoon disaster presents a certain regional correlation in the main grain-producing areas of the eastern regions of Jiutai, Nongan, Dehui, Yitong, and other places where the more obvious impact is the focus on regional prevention (Figure 4c). Hail disasters have the least impact on the main grain-producing areas, with an average affected area of 20 khm2; only Changling and Tongyu are relatively high and need to focus on prevention (Figure 4d). From a comprehensive point of view, among the four hazard disasters studied, drought disasters and flood disasters are the core disasters in the main grain-producing areas of Jilin province and need to be the focus of prevention methods. The average disaster losses of crops from hail and typhoon disasters are relatively lower, but regional hail and typhoon disasters occur frequently, and their resulting regional impacts cannot be ignored.



Based on the average disaster area of 18 major grain-producing areas, the local Getis-Ord Gi* index was used to study the degree of clustering of the spatial distribution of variables, which can respond well to the distribution of cold hotspots on the local spatial area of variables. The distribution of hotspot areas for each disaster was analyzed for 18 major grain-producing areas, and the degree of clustering was expressed according to the significance Z. The higher and greater that Z was than 0, the tighter the target object’s high-value clustering (forming a hotspot); the lower and greater that Z was than 0, the tighter the target object’s low-value clustering (forming a cold spot). The hotspot and cold spot are calculated by Formulas (16)–(18). In hotspot analysis, the natural intermittent point method was used to divide the cold hot spot area into five categories, namely, core hot spot area, sub-core hot spot area, transition area, sub-core cold spot area, and core cold spot area. The results show that the hotspot areas for drought hazards are widely distributed in the study area. Qianguo, Nongan, Dehui, and Jiutai are the core hotspot areas of drought disasters, and Taonan and Tongyu, in the western part of the study area, are the sub-core hotspot areas (Figure 5a). Flood disasters are similar to drought disasters, with Taonan and Tongyu as the core hotspot areas and Jiutai and other places in the eastern region as the sub-core hotspot areas (Figure 5b). This means drought and flood disasters are widely distributed and many hotspot areas are affected. Hail disasters present core hotspot areas and sub-core hotspot areas in the five eastern places of study, while Tao Nan is also a hotspot area (Figure 5c). In addition, the hotspot area of typhoon disasters is mainly concentrated in the eastern part of the study area (Figure 5d). This means the distribution of hail and typhoon disasters has a certain regional nature.



After standardizing the average area affected in each district, the entropy weights of multi-hazard meteorological hazards were calculated using Formulas (11)–(15) to obtain the weights of four meteorological hazards in 18 major grain-producing regions, and the results are shown in Table 2.




3.2. Multi-Hazard Meteorological Hazard Risk Analysis in Agriculture


The discrete domain is constructed according to the scope of disaster, the maximum value of the intensity of disaster, and the possible value of disaster; the discrete domain is constructed and the probability of disaster risk under different disaster indices in the main grain-producing areas is obtained according to Formulas (1)–(10). The probability density reflects the probability of the occurrence of major meteorological disasters under different disaster indices in the main grain-producing areas of Jilin province, so that the probability of the occurrence of different disaster levels can be inferred (Figure 6). The results show that the disaster indices of four meteorological disasters span the whole disaster index axis and all have the possibility of large area damage, among which the disaster areas of hail, typhoon, flood, and drought do not exceed 20%, 30%, 50%, and 80% of the total sown area, respectively. The density of exceedance probability can laterally reflect the level of risk of major meteorological disasters in Jilin agriculture under different disaster indices (Figure 7). The results show that the risk values of four major meteorological disasters decrease with the increase of disaster indices, and the disaster risk of each disaster in the main grain-producing areas under the same disaster indices is: drought > flood > typhoon > hail. From the frequency of disasters and the scope of disaster impact, drought disaster is the main natural disaster that harms Jilin province’s main natural disaster for grain production.



In order to give managers and decision makers a clearer understanding of the risk level based on the disaster risk values obtained from the fuzzy risk model, and to make the risk assessment results more intuitive, the grading criterion of risk recurrence period (T = 1/P) was used to calculate the risk levels of meteorological hazards under different disaster indices. To facilitate the analysis and evaluation of the spatial distribution characteristics of each meteorological disaster risk in 18 major grain-producing areas in Jilin province, the main meteorological risk assessment grades for 18 major grain-producing areas were developed by combining the actual situation of the main meteorological risk values in each area (Table 3). The multi-hazard meteorological hazard risk assessment levels were divided into five levels of high, medium–high, medium, medium–low, and low under different damage indices, and were assigned 5, 4, 3, 2, and 1, respectively. The classification of disaster risk level is mainly based on the previous research results and the actual situation of disaster risk value. The high risk implies a short period of occurrence and a high frequency of recurrence of disasters under the same crop damage.



In Table 3, T = 1 means the frequency of disaster occurrence is once a year, 1 < T ≤ 2 means the frequency of disaster occurs once every 1~2 years, T > 4 means the probability of disaster occurrence is greater than once every 4 years, and so on for the rest. According to the above risk analysis model and risk classification criteria, the results of meteorological disaster risk evaluation in 18 major grain-producing areas in Jilin province under different disaster indices are derived.



Overall, under different disaster index conditions, drought and flood are the dominant hazards affecting the 18 major grain-producing areas in Jilin province. The risk level of multi-hazard meteorological hazards is higher in Nongan when the disaster index is 5% ≤ x < 10%, and the risk level of multi-hazard meteorological hazards is at a higher level in Jiutai and Yitong when the disaster index is 10% ≤ x < 15% and 15% ≤ x < 20%, respectively. As the disaster index rises to x ≥ 20%, Jiutai is at high risk of multi-hazard meteorological hazard risk and the probability of a large area of multi-hazard hazard risk is higher.



At the disaster index of 5% ≤ x < 10% (Figure 8), the risk level of drought disaster in each major grain-producing area is at medium–high or high risk, and the risk probability is once every 1~2 years. A flood disaster is a secondary disaster affecting the main grain-producing areas in Jilin province, and the risk level of a flood disaster in each main grain-producing area is in the medium–high- or high-risk area, but it is low in Fuyu City, which is related to the lack of data that may be caused by the change of administrative division in the history of Fuyu. The risk level of hail disasters in each major grain-producing area is at a medium or low risk level, but Yushu and Shulan are at high and medium–high risk levels, showing that the probability of hail disasters in these three places is higher than in other places. The risk level of typhoon disaster in each major grain-producing area has a large difference. Specifically, the risk level of Yushu, Changling, Zhenlai, Tongyu, Changling, Taobei, Taonan, Yushu, and Daan is small, while Jiutai, Nongan, and Dehui are high, which is in line with the actual situation.



At a disaster index of 10% ≤ x < 15% (Figure 9), there was almost no change in the risk level of drought disaster and flood disaster in each major grain-producing area with a disaster index of 5% ≤ x < 10%. The risk level of hail hazards in each major grain-producing area was elevated, and only two areas (Shuangliao and Qianan) had no change in disaster risk level. Typhoon disaster risk is just the opposite of hail disaster risk. The risk level of most areas did not change, but the disaster risk level of Fuyu and Yitong increased to a high level.



At the disaster index of 15% ≤ x < 20% (Figure 10), the risk of drought disaster was at high risk in all major grain-producing regions. The risk level of flood disaster in all other regions remained unchanged. The risk levels of hail disasters all decreased overall, but Jiutai, Yushu, Yitong, Changling, and Taobei were still at high-risk levels, and the chance of suffering large area damage remained high. There was no big change in the overall probability of typhoon disasters, and the disaster risk levels of Gongzhuling and Qianan have dropped to medium–low and low risk, that is, the recurrence period of typhoon disasters is more than once every 6 years.



At a disaster index of x ≥ 20% (Figure 11), the risk levels of drought disaster and flood disaster in each major grain-producing area are at high and medium–high risk levels. This indicates that droughts and floods have a serious impact on the main grain-producing areas in Jilin province, with droughts and floods causing more than 20% damage, occurring about once every 5 years. With the rise of the disaster index, the risk level of hail disasters in most areas is at medium risk or below, but Jiutai and Yushu are still at high risk levels, indicating that these two areas have a high chance of being affected by hail disasters and are prone to large areas of hail disasters. The risk level of typhoon disasters appears to be widely different, with relatively high disaster risk in the eastern part of the study area. Specifically, the risk levels of Jiutai, Nongan, Dehui, Yitong, Fuyu, and Shulan have remained medium–high or high, while other major grain-producing areas are at low risk.




3.3. Risk Assessment and Spatial Distribution of Multi-Hazard Meteorological Hazards in Agriculture


After completing the analysis and evaluation of multi-hazard meteorological disaster risk levels in agriculture, the multi-hazard meteorological disaster risk assessment results were weighted and summed with each disaster weight to obtain the multi-hazard meteorological disaster risk assessment results for 18 major grain-producing areas, according to the disaster index, disaster recurrence period, and risk level classification criteria. At the same time, the assessment results were classified into five levels (high, medium–high, medium, medium–low, and low) using the natural interruption point method, and the multi-hazard disaster risk assessment level maps were obtained for 18 major grain-producing areas under different disaster indices. Based on the results of agricultural multi-hazard meteorological disaster risk assessment, the spatial distribution pattern and regional distribution characteristics of agricultural multi-hazard disasters under 18 major grain-producing areas in Jilin province were analyzed.



The disaster risk level in the Yushu, Dehui, Nongan, and Jiutai areas in the eastern part of the study area has been at high and medium–high levels, and the areas at high and medium–high risk are expanding as the disaster index continues to increase. When the disaster index is 5% ≤ x < 10%, the southwest side of the study area is a medium-risk area, and the high hail is mainly concentrated on the northeast side of the study area in Nongan and Dehui, both of which are high-risk areas. That is, they suffered from a high frequency of multi-hazard impacts and caused a large area of agricultural losses (Figure 12a). When the disaster index was 10% ≤ x < 15%, the high-risk area was expanding. Jiutai, Tongyu, and Lishu were high-risk areas, and the risk level in some areas in the southeast of the region was decreasing (Figure 12b). When the damage index increases to 15%, the risk level in the central part of the study area is medium–low and low risk, i.e., there is a low chance of widespread, high-frequency, and strong damage. Jiutai and Lishu are high-risk areas, and three places in the western part of the study area are in medium–high-risk areas with the feasibility of suffering from large areas and high frequency (Figure 12c). When the disaster index is x ≥ 20%, the multi-hazard rating of the main grain-producing areas shows the characteristics of medium–high risk in the western region, low and medium–low risk in the central region, and high and medium–high risk in the eastern region. Among them, the danger of the disaster-causing factors of agricultural multi-hazard species in Dehui, Jiutai, and Lishu cannot be ignored, which are prone to causing large-scale damage and forming disaster chains, and the task of coping with multi-hazard meteorological disaster prevention is arduous (Figure 12d).



An ordinary kriging interpolation method based on variance function theory and structural analysis was used in this study for an unbiased optimal estimation of regionalized variables in a limited area. Specifically, it was used to predict the risk of agricultural multi-hazard meteorological hazards in the study area. The ordinary kriging to estimate the missing value of variable Z is calculated by Formula (19). The results show that the risk of multi-hazard meteorological hazards shows a southeastern direction. At the same time, the multi-hazard meteorological disaster risk level gradually decreases in both the southeast direction and the northwest direction, with the continuous increase of the disaster index. There are high- and medium–high-risk trends of multi-hazard meteorological disasters in Taonan, Taobei, Tongyu, Shulan, Jiutai, Yitong, Yushu, and Dehui. Thus, they are the focus of agricultural multi-hazard meteorological disaster risk prevention.



Specifically, when the disaster index is 5% ≤ x < 10% (Figure 13a), the multi-hazard rank trend in the central part of the study area shows medium–low risk, the multi-hazard rank trend in some districts and counties in the eastern part is high and medium–high risk, and this area is the key area for multi-hazard risk prevention. With the increase of the disaster index to 10% ≤ x < 15% (Figure 13b), the trend of agricultural multi-hazard meteorological disaster risk level develops from the east and west to the middle, and the low-risk area in the middle of the study area expands. Shulan and Yushu may have more than 10% of their crops affected by multiple hazards. When the damage index is 15% ≤ x < 20% (Figure 13c), the range of low- and medium–low-risk areas is further expanded, and the risk levels in the central part of the study area all show low risk levels, while only some areas in Taonan, Yushu, and Shulan are medium–high risk, and the area covered by low risk is the most extensive at this time. When the disaster index is x ≥ 20% (Figure 13d), the range of medium–high risk is further expanded, and the northeast of the study area and the western part of Taonan and other places present a medium–high-risk grade of agricultural multi-hazard meteorological disaster. Some areas in the northeastern direction suffer from the possibility of a multi-hazard meteorological disaster risk impact and a wide range of impact, which is the focus of regional agricultural prevention.




3.4. Agricultural Multi-Hazard Meteorological Disaster Risk Reduction Recommendations


This paper assesses the risk of agricultural multi-hazards using the historical disaster data of the first natural disaster risk census in 18 major grain-producing areas in Jilin province, and obtains the risk of each multi-hazard meteorological disaster, which is an attempt to apply the data from the first natural disaster risk census. From the actual situation of food production areas, we put forward the following recommendations for the reduction of agricultural multi-hazard meteorological disaster risks so they might provide a reference for the reduction and resolution of major disaster risks under the new situation, ensuring the strategic goals of national food security and sustainable development.



3.4.1. Improve Regional Agricultural Multi-Hazard Risk Reduction System Construction


To develop effective agricultural multi-hazard reduction policies according to local conditions, appropriate mechanisms and legal system construction are very important, which is a necessary guarantee to improve the efficiency of disaster mitigation and reduction. Multi-hazard meteorological disaster risk reduction in agriculture involves multiple sectors and regions, with more emphasis on information sharing, horizontal collaboration, and up–down linkage, and it is necessary to strengthen the top design of the central government and make a good overall plan [36,37,38,39].



Firstly, accelerate the improvement of the system of multiple coordination mechanisms and real-time emergency plans to provide an all-round institutional guarantee to enhance regional agricultural multi-hazard risk reduction capabilities. Secondly, the government should increase its financial investment in agricultural water conservancy construction and subsidize the construction of small water conservancy projects on collective village farmland [40,41]. Thirdly, the government should increase its investment in agricultural insurance for natural disasters in Jiutai, Tongyu, and other places; moreover, it should increase its investment in rural social security, medical care, and minimum living security as well to improve disaster response capacity. The government could act as a reinsurer against agricultural losses so that it can provide protection for agricultural crop and livestock insurance initiatives, even if local insurers and international reinsurers are unwilling to provide excess-of-loss reinsurance [42]. Overall, combining normal disaster reduction and mitigation with extraordinary emergency disaster relief, enhancing the integration of laws and the whole disaster risk management system, and realizing coordinated operation and comprehensive management of multiple subjects are good strategies for multi-hazard risk reduction.




3.4.2. Optimize Regional Agricultural Multi-Hazard Risk Management Models


The inefficiency of disaster risk management in administrative regions independent of each other often leads to gaps in disaster risk management. In order to further change the idea of “disaster relief over disaster mitigation”, a whole-process disaster risk management model should be established. While developing emergency plans, the government should vigorously develop a watershed disaster management network system to form and coordinate a linkage [38,43,44,45]. From international experience, the United States has formed a triple system of federal, regional, and local emergency response mechanisms; the United Kingdom mobilizes the resources of the whole society to structure the emergency management system [46,47]; and Japan has established a prevention-centered emergency management system [48,49]. The experiences from which you can learn are as follows.



Firstly, in terms of the main body of disaster management, we should include social agricultural companies, agricultural volunteers, and grassroots organizations in the government to improve agricultural disaster mitigation capacity through these experts who are familiar with local agricultural disasters and land conditions so that they can become an important force in disaster mitigation [41,50]. Second, on the mechanism of disaster management, we should strengthen the unified dispatch and management of multi-hazard meteorological disaster risks (especially in several areas of the Nen Jiang and Heilongjiang River Basin), break the mechanism of independent management in each administrative region, realize the rational allocation of resources, and reduce disputes over the impact of disaster risks. Overall, the communication–feedback–supervision working mechanism should be continuously improved for the weak links of natural disaster risk management, especially the coupling aspect of multi-hazards, by insisting on the prevention-oriented methods combined with disaster reduction and relief, and improving the decision-making capacity of risk management.




3.4.3. Strengthened Regional Agricultural Multi-Hazard Risk Reduction Capacity


In the face of the severe and complex situation of major disasters and multi-hazard disaster risks, agricultural multi-hazard risk reduction should be incorporated into the overall planning of social development to provide support for effectively enhancing the ability of the whole society to reduce major disaster risks. The first national comprehensive natural disaster risk census is also a survey of China’s national situation and strength and is a fundamental work to enhance disaster risk reduction capacity, which is of great significance in mapping out the risk base [51,52,53].



Overall, in terms of proceeding with strengthening the capacity of agricultural production for disaster reduction and mitigation, first, the construction of farmland water conservancy facilities to improve the ability to resist drought and flooding, especially in small watersheds, should be strengthened [54,55,56]. Second, to strengthen the transformation of low-yielding fields, the “fertile soil project” should be implemented to improve the organic content of farmland and enhance fertilizer supply and water retention capacity, and thus to improve the ability of crops to withstand natural disasters [57,58]. Third, harmful biological early warning systems and disaster forecasting, monitoring, reduction, and control capacity should be strengthened.



Specifically, Nongan, Jiutai, and Yitong should strengthen agricultural drought-prevention systems, concentrating on the establishment of an effective early warning system for agricultural drought reduction and mitigation. In order to improve farmland water conservancy facilities in agricultural production areas, especially small farmland water conservancy facilities in villages and towns, deep ditches should be built, as should more profound ditches for agricultural water storage and farmland drainage to facilitate flood and drought reduction [59,60,61,62,63]. The western part of the study area should strengthen flood and drought control facilities, especially drainage facilities, to focus on construction. In addition to the construction of farmland water conservancy facilities, the resilience of crops themselves should be strengthened. Research and promotion of good crop varieties should be firmly supported. The application of high-quality and flexible crop varieties can improve the disaster resistance of crops. Dehui, Shulan, and Yushu should do a good job of laying and covering hail nets for each crop and should carry out reinforcement work for seedling sheds and breeding bases to reduce the impact of hail disasters on crops.






4. Conclusions


The difficult problem in disaster risk assessment is how to use incomplete information to derive the most accurate evaluation results possible. To this end, this paper proposes a multi-hazard meteorological disaster risk assessment method for agriculture based on historical disaster data, which mainly consists of three aspects: disaster risk identification, disaster risk analysis, and disaster risk assessment. Meanwhile, the authors made a preliminary attempt to conduct a multi-hazard meteorological disaster risk assessment for each major grain-producing area based on historical disaster data from the first national comprehensive natural disaster risk census of 18 major grain-producing areas in Jilin province. The results of the study provide a new idea for the application of historical disaster data at the small-scale area level in the later stage of the disaster risk census results and provide a basis for agricultural safety and disaster prevention and control in the main grain-producing areas. The main conclusions are as follows.



By a comprehensive analysis of the climatic conditions of crop growth in the study area and the disaster damage data in the database, four kinds of disasters, namely, drought, flood, typhoon, and hail, were identified as disasters in the study area. The frequency of drought and flood disasters is high, and the scope of the disasters is large. The core hotspots and sub-core hotspots are Jiutai, Nongan, Dehui, Tongyu, Taonan, and other places, which are the key disasters for agriculture meteorological disaster reduction in the main grain-producing areas of Jilin province. The hail and typhoon disasters are regional, and the core hotspots and sub-core hotspots are mainly in the east of the main grain-producing areas. Attention should be paid to these two disasters in the eastern part of the study area.



Using a fuzzy risk analysis model and the entropy weight method to calculate the meteorological disaster risk value in the study area and the single disaster risk weight in each region, respectively, the risk value of the four major meteorological disasters decreases with the increase of the disaster index, and the hazard of each disaster in the main grain-producing areas under the same disaster index is drought > flood > typhoon > hail. When the disaster index is 5% ≤ x < 10%, the disaster risk level for Nongan is high, and the comprehensive risk evaluation value rises with the rising disaster index; when 10% ≤ x < 15% and 15% ≤ x < 20%, Yitong and Jiutai are multi-hazard meteorological disasters at high risk; when the disaster index is increased to x ≥ 20%, the risk level of Jiutai multi-hazard meteorological disaster is at an even higher level. The probability of the occurrence of a large area of multi-hazard disaster risk is high.



The risk value of each disaster and the weight of each assessment unit are weighted to obtain the multi-hazard comprehensive risk assessment risk level of each main grain-producing area. The risk assessment results of multi-hazard meteorological hazards showed that Jiutai, Nongan, Yitong, and Tongyu showed high and medium–high risk levels under different disaster indices. There is a wide range of high-frequency, strong disaster situations, and the risk of its multi-hazard-causing factors cannot be ignored. To deal with multi-hazard meteorological disaster prevention tasks is difficult. In addition, the risk of multi-hazard meteorological hazards is spatially oriented to the southeast, and the risk level of multi-hazard meteorological hazards in the central part of the study area is decreases gradually along with the increasing disaster index. Based on the severe and complex disaster risk situation in the study area, especially the complexity and high uncertainty of multi-hazard meteorological disaster risks, suggestions are given on three aspects: improving regional agricultural multi-hazard risk reduction system construction; optimizing regional agricultural multi-hazard risk management models; and strengthening regional agricultural multi-hazard risk reduction capacity, so as to face the severe and complex multi-hazard disaster risk situation.



Shortcomings and prospects: this paper evaluates the multi-hazard meteorological disaster risk of all crops to guide various regions in carrying out regional multi-hazard agricultural safety production and risk prevention. If the crops were further divided into specific food products (such as rice, corn, etc.), and the disaster resistance of each food product was added to the evaluation system, it could more accurately guide the agricultural disaster reduction and mitigation work in each grain-producing area.







Author Contributions


Conceptualization, formal analysis, and methodology, J.Z. and J.W.; investigation and resources, S.C., S.T. and W.Z.; writing—original draft preparation, J.Z.; writing—review and editing, J.W. All authors have read and agreed to the published version of the manuscript.




Funding


The authors gratefully acknowledge the support provided by the Natural Disaster Risk Census Project in Jilin province (JLSZC202002826).




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Climate Change 2021—The Physical Science Basis. Available online: https://www.undrr.org/publication/sendai-framework-disaster-risk-reduction-2015–2030 (accessed on 4 May 2022).

	



Mishra, A.; Bruno, E.; Zilberman, D. Compound natural and human disasters: Managing drought and COVID-19 to sustain global agriculture and food sectors. Sci. Total Environ. 2021, 754, 142210. [Google Scholar] [CrossRef] [PubMed]

	



Weerasekara, S.; Wilson, C.; Lee, B.; Hoang, V.-N. Impact of natural disasters on the efficiency of agricultural production: An exemplar from rice farming in Sri Lanka. Clim. Dev. 2022, 14, 133–146. [Google Scholar] [CrossRef]

	



Platania, F.; Hernandez, C.T.; Arreola, F. Social media communication during natural disasters and the impact on the agricultural market. Technol. Forecast. Soc. Change 2022, 179, 121594. [Google Scholar] [CrossRef]

	



Albris, K.; Lauta, K.C.; Raju, E. Strengthening Governance for Disaster Prevention: The Enhancing Risk Management Capabilities Guidelines. Int. J. Disaster Risk Reduct. 2020, 47, 101647. [Google Scholar] [CrossRef]

	



Kim, J.; Kim, D.; Lee, M.; Han, H.; Kim, H.S. Determining the Risk Level of Heavy Rain Damage by Region in South Korea. Water 2022, 14, 219. [Google Scholar] [CrossRef]

	



Xiaobing, Y.; Chenliang, L.; Tongzhao, H.; Zhonghui, J. Information diffusion theory-based approach for the risk assessment of meteorological disasters in the Yangtze River Basin. Nat. Hazards 2020, 107, 2337–2362. [Google Scholar] [CrossRef]

	



Shen, G.; Hwang, S.N. Spatial–Temporal snapshots of global natural disaster impacts Revealed from EM-DAT for 1900–2015. Geomat. Nat. Hazards Risk 2019, 10, 912–934. [Google Scholar] [CrossRef]

	



Floresta, G.; Amata, E.; Barbaraci, C.; Gentile, D.; Turnaturi, R.; Marrazzo, A.; Rescifina, A. A Structure- and Ligand-Based Virtual Screening of a Database of “Small” Marine Natural Products for the Identification of “Blue” Sigma-2 Receptor Ligands. Mar. Drugs 2018, 16, 384. [Google Scholar] [CrossRef]

	



Zhi-Yong, L.; Hong-Yan, L.; Huan, Y.; Chang-Jian, Z.; Hui, Y.; Huan-Huan, W.; Xin-Xin, C.; Ya-Wei, Z.; Zhen-Dong, S.; Wen-Chao, L.; et al. Pro54DB: A database for experimentally verified sigma-54 promoters. Bioinformatics 2017, 33, 467–469. [Google Scholar] [CrossRef]

	



Welker, C.; Faust, E. Tropical cyclone-related socio-economic losses in the western North Pacific region. Nat. Hazards Earth Syst. Sci. 2013, 13, 115–124. [Google Scholar] [CrossRef]

	



The First National Comprehensive Natural Disaster Risk Census. Available online: http://emerinfo.cn/zt/zrzhzhfxpc1/index.htm (accessed on 5 May 2022).

	



Liu, Y.; Tong, L. Spatio-temporal Pattern and Driving Forces of Comprehensive Agricultural Productivity in Jilin Province, China. Chin. Geogr. Sci. 2020, 30, 493–504. [Google Scholar] [CrossRef]

	



Zheng, X.; Qin, L.; He, H. Impacts of Climatic and Agricultural Input Factors on the Water Footprint of Crop Production in Jilin Province, China. Sustainability 2020, 12, 6904. [Google Scholar] [CrossRef]

	



Li, Q.S.; Willardson, L.S.; Deng, W.; Li, X.J.; Liu, C.J. Crop water deficit estimation and irrigation scheduling in western Jilin province, Northeast China. Agric. Water Manag. 2005, 71, 47–60. [Google Scholar] [CrossRef]

	



Li, Y.; Li, Q.; Guo, D.; Liang, S.; Wang, Y. Ecological stoichiometry homeostasis of Leymus chinensis in degraded grassland in western Jilin Province, NE China. Ecol. Eng. 2016, 90, 387–391. [Google Scholar] [CrossRef]

	



Xu, L.; Zhang, Q.; Zhang, J.; Zhao, L.; Sun, W.; Jin, Y.-X. Extreme meteorological disaster effects on grain production in Jilin Province, China. J. Integr. Agric. 2017, 16, 486–496. [Google Scholar] [CrossRef]

	



Zhang, Y.; Jiang, Y.; Jia, Z.; Qiang, R.; Gao, Q. Identifying the scale-controlling factors of soil organic carbon in the cropland of Jilin Province, China. Ecol. Indic. 2022, 139, 108921. [Google Scholar] [CrossRef]

	



Zhang, Z.; Feng, B.; Shuai, J.; Shi, P. ENSO–climate fluctuation–crop yield early warning system—A case study in Jilin and Liaoning Province in Northeast China. Phys. Chem. Earth Parts A/B/C 2015, 87–88, 10–18. [Google Scholar] [CrossRef]

	



Zou, T.; Chang, Y.; Chen, P.; Liu, J. Spatial-temporal variations of ecological vulnerability in Jilin Province (China), 2000 to 2018. Ecol. Indic. 2021, 133, 108429. [Google Scholar] [CrossRef]

	



Xiaobing, Y.; Xianrui, Y.; Chenliang, L.; Zhonghui, J. Information diffusion-based risk assessment of natural disasters along the Silk Road Economic Belt in China. J. Clean. Prod. 2020, 244, 118744. [Google Scholar] [CrossRef]

	



Pan, X.; Huang, C.; Pu, C. Comprehensive disposal plan design & polymerization disaster risk assessment based on information diffusion technology in Fujiang River basin in Sichuan. Environ. Res. 2020, 188, 109744. [Google Scholar] [CrossRef]

	



Liu, Y.; You, M.; Zhu, J.; Wang, F.; Ran, R. Integrated risk assessment for agricultural drought and flood disasters based on entropy information diffusion theory in the middle and lower reaches of the Yangtze River, China. Int. J. Disaster Risk Reduct. 2019, 38, 101194. [Google Scholar] [CrossRef]

	



Ma, S.; Lyu, S.; Zhang, Y. Weighted clustering-based risk assessment on urban rainstorm and flood disaster. Urban Clim. 2021, 39, 100974. [Google Scholar] [CrossRef]

	



Li, Z.; Luo, Z.; Wang, Y.; Fan, G.; Zhang, J. Suitability evaluation system for the shallow geothermal energy implementation in region by Entropy Weight Method and TOPSIS method. Renew. Energy 2022, 184, 564–576. [Google Scholar] [CrossRef]

	



Qin, Y.; Guan, K.; Kou, J.; Ma, Y.; Zhou, H.; Zhang, X. Durability evaluation and life prediction of fiber concrete with fly ash based on entropy weight method and grey theory. Constr. Build. Mater. 2022, 327, 126918. [Google Scholar] [CrossRef]

	



Sidhu, A.S.; Singh, S.; Kumar, R. Bibliometric analysis of entropy weights method for multi-objective optimization in machining operations. Mater. Today Proc. 2022, 50, 1248–1255. [Google Scholar] [CrossRef]

	



Wu, H.-W.; Li, E.-Q.; Sun, Y.-Y.; Dong, B.-T. Research on the operation safety evaluation of urban rail stations based on the improved TOPSIS method and entropy weight method. J. Rail Transp. Plan. Manag. 2021, 20, 100262. [Google Scholar] [CrossRef]

	



Zhao, J.; Tian, J.; Meng, F.; Zhang, M.; Wu, Q. Safety assessment method for storage tank farm based on the combination of structure entropy weight method and cloud model. J. Loss Prev. Process Ind. 2022, 75, 104709. [Google Scholar] [CrossRef]

	



Guerri, G.; Crisci, A.; Congedo, L.; Munafò, M.; Morabito, M. A functional seasonal thermal hot-spot classification: Focus on industrial sites. Sci. Total Environ. 2022, 806, 151383. [Google Scholar] [CrossRef]

	



Kuznetsov, A.; Sadovskaya, V. Spatial variation and hotspot detection of COVID-19 cases in Kazakhstan, 2020. Spat. Spatio-Temporal Epidemiol. 2021, 39, 100430. [Google Scholar] [CrossRef] [PubMed]

	



Liu, W.; Ma, L.; Smanov, Z.; Samarkhanov, K.; Abuduwaili, J. Clarifying Soil Texture and Salinity Using Local Spatial Statistics (Getis-Ord Gi* and Moran’s I) in Kazakh–Uzbekistan Border Area, Central Asia. Agronomy 2022, 12, 332. [Google Scholar] [CrossRef]

	



Zhang, L.; Tao, Z.; Wang, G. Assessment and determination of earthquake casualty gathering area based on building damage state and spatial characteristics analysis. Int. J. Disaster Risk Reduct. 2022, 67, 102688. [Google Scholar] [CrossRef]

	



Yang, Y.; Wang, P.; Brandenberg, S.J. An algorithm for generating spatially correlated random fields using Cholesky decomposition and ordinary kriging. Comput. Geotech. 2022, 147, 104783. [Google Scholar] [CrossRef]

	



Zhong, X.; Kealy, A.; Duckham, M. Stream Kriging: Incremental and recursive ordinary Kriging over spatiotemporal data streams. Comput. Geosci. 2016, 90, 134–143. [Google Scholar] [CrossRef]

	



Busayo, E.T.; Kalumba, A.M.; Afuye, G.A.; Olusola, A.O.; Ololade, O.O.; Orimoloye, I.R. Rediscovering South Africa: Flood disaster risk management through ecosystem-based adaptation. Environ. Sustain. Indic. 2022, 14, 100175. [Google Scholar] [CrossRef]

	



Roopnarine, R.; Eudoxie, G.; Wuddivira, M.N.; Saunders, S.; Lewis, S.; Spencer, R.; Jeffers, C.; Haynes-Bobb, T.; Roberts, C. Capacity building in participatory approaches for hydro-climatic Disaster Risk Management in the Caribbean. Int. J. Disaster Risk Reduct. 2021, 66, 102592. [Google Scholar] [CrossRef]

	



Khan, I.; Ali, A.; Waqas, T.; Ullah, S.; Ullah, S.; Shah, A.A.; Imran, S. Investing in disaster relief and recovery: A reactive approach of disaster management in Pakistan. Int. J. Disaster Risk Reduct. 2022, 75, 102975. [Google Scholar] [CrossRef]

	



Howland, F.; Francois Le Coq, J. Disaster risk management, or adaptation to climate change? The elaboration of climate policies related to agriculture in Colombia. Geoforum 2022, 131, 163–172. [Google Scholar] [CrossRef]

	



Asare-Donkor, N.K.; Ofosu, J.O.; Adimado, A.A. Hydrochemical characteristics of surface water and ecological risk assessment of sediments from settlements within the Birim River basin in Ghana. Environ. Syst. Res. 2018, 7, 9. [Google Scholar] [CrossRef]

	



Garrigou, A.; Laurent, C.; Baldi, I.; Berthet, A.; Colosio, C.; Daubas-Letourneux, V.; Galey, L.; Goutille, F.; Jackson Filho, J.M.; Jas, N.; et al. Response from the authors of the article “Critical review of the role of personal protective Equipment (PPE) in the prevention of risks related to agricultural pesticide use” to the letter to the editor from the European crop protection association (ECPA) Occupational and bystander exposure expert group (OBEEG). Saf. Sci. 2021, 138, 105191. [Google Scholar] [CrossRef]

	



Alam, A.S.A.F.; Begum, H.; Masud, M.M.; Al-Amin, A.Q.; Filho, W.L. Agriculture insurance for disaster risk reduction: A case study of Malaysia. Int. J. Disaster Risk Reduct. 2020, 47, 101626. [Google Scholar] [CrossRef]

	



Guan, X.; Zang, Y.; Meng, Y.; Liu, Y.; Lv, H.; Yan, D. Study on spatiotemporal distribution characteristics of flood and drought disaster impacts on agriculture in China. Int. J. Disaster Risk Reduct. 2021, 64, 102504. [Google Scholar] [CrossRef]

	



Wang, X.; Zhang, C.; Wang, C.; Liu, G.; Wang, H. GIS-based for prediction and prevention of environmental geological disaster susceptibility: From a perspective of sustainable development. Ecotoxicol. Environ. Saf. 2021, 226, 112881. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, Y.; Qu, H.; Yang, X.; Wang, M.; Qin, N.; Zou, Y. Cropping system optimization for drought prevention and disaster reduction with a risk assessment model in Sichuan Province. Glob. Ecol. Conserv. 2020, 23, e01095. [Google Scholar] [CrossRef]

	



Mashi, S.A.; Oghenejabor, O.D.; Inkani, A.I. Disaster risks and management policies and practices in Nigeria: A critical appraisal of the National Emergency Management Agency Act. Int. J. Disaster Risk Reduct. 2019, 33, 253–265. [Google Scholar] [CrossRef]

	



Muñoz, V.A.; Carby, B.; Abella, E.C.; Cardona, O.D.; López-Marrero, T.; Marchezini, V.; Meyreles, L.; Olivato, D.; Trajber, R.; Wisner, B. Success, innovation and challenge: School safety and disaster education in South America and the Caribbean. Int. J. Disaster Risk Reduct. 2020, 44, 101395. [Google Scholar] [CrossRef]

	



Ba, R.; Deng, Q.; Liu, Y.; Yang, R.; Zhang, H. Multi-hazard disaster scenario method and emergency management for urban resilience by integrating experiment–simulation–field data. J. Saf. Sci. Resil. 2021, 2, 77–89. [Google Scholar] [CrossRef]

	



Park, E.-S.; Yoon, D.K. The value of NGOs in disaster management and governance in South Korea and Japan. Int. J. Disaster Risk Reduct. 2022, 69, 102739. [Google Scholar] [CrossRef]

	



Garrigou, A.; Laurent, C.; Berthet, A.; Colosio, C.; Jas, N.; Daubas-Letourneux, V.; Jackson Filho, J.M.; Jouzel, J.N.; Samuel, O.; Baldi, I.; et al. Critical review of the role of PPE in the prevention of risks related to agricultural pesticide use. Saf. Sci. 2020, 123, 104527. [Google Scholar] [CrossRef]

	



Andriyanto, A.; Hidayati, R.N. Improving collaboration skills among nursing students through disaster preparedness simulation. Enfermería Clínica 2021, 31, S644–S648. [Google Scholar] [CrossRef]

	



Qing, C.; Guo, S.; Deng, X.; Xu, D. Farmers’ disaster preparedness and quality of life in earthquake-prone areas: The mediating role of risk perception. Int. J. Disaster Risk Reduct. 2021, 59, 102252. [Google Scholar] [CrossRef]

	



Kamari, M.; Ham, Y. AI-based risk assessment for construction site disaster preparedness through deep learning-based digital twinning. Autom. Constr. 2022, 134, 104091. [Google Scholar] [CrossRef]

	



Cao, Y.; Bai, Y.; Zhang, L. The impact of farmland property rights security on the farmland investment in rural China. Land Use Policy 2020, 97, 104736. [Google Scholar] [CrossRef]

	



Pu, G. Achieving agricultural revitalization: Performance of technical innovation inputs in farmland and water conservation facilities. Alex. Eng. J. 2022, 61, 2851–2858. [Google Scholar] [CrossRef]

	



Wang, C.; Wang, G.; Feng, Z.; Ji, X.; Li, Q.; Zhang, Z.; Song, D. Strengthen Water Conservancy Construction, Use Water Resources Scientifically, and Develop Modern Agriculture. Procedia Environ. Sci. 2011, 10, 1595–1600. [Google Scholar] [CrossRef]

	



Jiang, D.; Zhuang, D.; Fu, J.; Huang, Y.; Wen, K. Bioenergy potential from crop residues in China: Availability and distribution. Renew. Sustain. Energy Rev. 2012, 16, 1377–1382. [Google Scholar] [CrossRef]

	



Liu, X.; Zhao, C.; Song, W. Review of the evolution of cultivated land protection policies in the period following China’s reform and liberalization. Land Use Policy 2017, 67, 660–669. [Google Scholar] [CrossRef]

	



Luo, D.; Ye, L.; Sun, D. Risk evaluation of agricultural drought disaster using a grey cloud clustering model in Henan province, China. Int. J. Disaster Risk Reduct. 2020, 49, 101759. [Google Scholar] [CrossRef]

	



Raikes, J.; Smith, T.F.; Baldwin, C.; Henstra, D. The influence of international agreements on disaster risk reduction. Int. J. Disaster Risk Reduct. 2022, 76, 102999. [Google Scholar] [CrossRef]

	



Vučetić, M.; Brokešová, Z.; Hudec, M.; Pastoráková, E. Financial literacy and psychological disaster preparedness: Applicability of approach based on fuzzy functional dependencies. Inf. Processing Manag. 2022, 59, 102848. [Google Scholar] [CrossRef]

	



Wang, J.-J.; Tsai, N.-Y. Factors affecting elementary and junior high school teachers’ behavioral intentions to school disaster preparedness based on the theory of planned behavior. Int. J. Disaster Risk Reduct. 2022, 69, 102757. [Google Scholar] [CrossRef]

	



Zaremohzzabieh, Z.; Samah, A.A.; Roslan, S.; Shaffril, H.A.M.; D’Silva, J.L.; Kamarudin, S.; Ahrari, S. Household preparedness for future earthquake disaster risk using an extended theory of planned behavior. Int. J. Disaster Risk Reduct. 2021, 65, 102533. [Google Scholar] [CrossRef]








[image: Sustainability 14 07482 g001 550] 





Figure 1. The main grain-producing area of Jilin province, China: (a) distribution of grain yield classes in Jilin province (left); (b) distribution of land use types in the study area (right). 






Figure 1. The main grain-producing area of Jilin province, China: (a) distribution of grain yield classes in Jilin province (left); (b) distribution of land use types in the study area (right).



[image: Sustainability 14 07482 g001]







[image: Sustainability 14 07482 g002 550] 





Figure 2. Average affected (demolished) area and frequency of each disaster species in the study area. 
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Figure 3. Multi-hazard risk assessment technical route. 
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Figure 4. Grain production and average area affected by each disaster in major grain-producing areas ((a). Drought; (b). Flood; (c). Hail; (d). Typhoon). 
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Figure 5. Distribution of each disaster hotspot area in the main grain-producing areas of Jilin province ((a). Drought; (b). Flood; (c). Hail; (d). Typhoon). 
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Figure 6. Probability density of multi-hazard meteorological hazards in major grain-producing areas. 
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Figure 7. Risk values of multi-hazard meteorological hazards in major grain-producing areas. 
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Figure 8. Risk evaluation value of multi-hazard meteorological disasters under the disaster index of 5% ≤ x < 10%. 
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Figure 9. Risk evaluation value of multi-hazard meteorological disasters under the disaster index of 10% ≤ x < 15%. 
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Figure 10. Risk evaluation value of multi-hazard meteorological disasters under the disaster index of 15% ≤ x < 20%. 






Figure 10. Risk evaluation value of multi-hazard meteorological disasters under the disaster index of 15% ≤ x < 20%.



[image: Sustainability 14 07482 g010]







[image: Sustainability 14 07482 g011 550] 





Figure 11. Risk evaluation value of multi-hazard meteorological disasters under the disaster index of x ≥ 20%. 
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Figure 12. Risk assessment map of multi-hazard meteorological disasters under different disaster indices ((a). 5% ≤ x < 10%; (b). 10% ≤ x < 15%; (c). 15% ≤ x < 20%; (d). x ≥ 20%). 
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Figure 13. Risk trend of multi-hazard meteorological disasters under different disaster indices ((a). 5% ≤ x < 10%; (b). 10% ≤ x < 15%; (c). 15% ≤ x < 20%; (d). x ≥ 20%). 
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Table 1. Average damage index of four disaster species in the main grain-producing areas.
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	Evaluation Unit
	Drought
	Flood
	Typhoon
	Hail





	Jiutai (JT)
	0.390631
	0.148485
	0.235727
	0.124041



	Nongan (NA)
	0.394813
	0.116918
	0.095588
	0.038850



	Yushu (YS)
	0.343445
	0.084944
	0.021053
	0.043148



	Dehui (DH)
	0.285873
	0.122036
	0.194169
	0.031608



	Gongzhuling (GZL)
	0.175963
	0.079955
	0.066505
	0.054757



	Shulan (SL)
	0.216273
	0.070940
	0.110332
	0.123191



	Lishu (LS)
	0.302651
	0.089038
	0.081240
	0.069131



	Yitong (YT)
	0.313006
	0.161347
	0.370114
	0.084881



	Shuangliao (SL)
	0.300570
	0.197455
	0.026547
	0.046671



	Qianguo (QG)
	0.346500
	0.081293
	0.042080
	0.059420



	Changling (CL)
	0.383543
	0.098864
	0.080606
	0.043555



	Qianan (QA)
	0.532736
	0.131110
	0.070101
	0.044578



	Fuyu (FY)
	0.160851
	0.034925
	0.109651
	0.020429



	Taobei (TB)
	0.479668
	0.203550
	0.026796
	0.149567



	Zhenlai (ZL)
	0.442655
	0.293019
	0.020543
	0.032686



	Tongyu (TY)
	0.254391
	0.228752
	0.006609
	0.031698



	Taonan (TN)
	0.576323
	0.274184
	0.000000
	0.084189



	Daan (DA)
	0.277935
	0.123955
	0.065271
	0.078949
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Table 2. Weight of single disaster species in the main grain-producing areas of Jilin province.
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	Evaluation Unit
	Drought
	Flood
	Hail
	Typhoon





	Jiutai (JT)
	0.11
	0.13
	0.38
	0.39



	Nongan (NA)
	0.29
	0.24
	0.19
	0.28



	Yushu (YS)
	0.36
	0.22
	0.32
	0.10



	Dehui (DH)
	0.16
	0.22
	0.07
	0.55



	Gongzhuling (GZL)
	0.11
	0.18
	0.38
	0.33



	Lishu (LS)
	0.19
	0.14
	0.42
	0.25



	Yitong (YT)
	0.06
	0.14
	0.12
	0.68



	Shuangliao (SL)
	0.25
	0.49
	0.09
	0.18



	Qianguo (QG)
	0.30
	0.15
	0.30
	0.24



	Changling (CL)
	0.30
	0.14
	0.19
	0.37



	Qianan (QA)
	0.44
	0.14
	0.11
	0.32



	Fuyu (FY)
	0.18
	0.07
	0.01
	0.73



	Taobei (TB)
	0.15
	0.16
	0.61
	0.07



	Zhenlai (ZL)
	0.26
	0.63
	0.00
	0.11



	Tongyu (TY)
	0.28
	0.51
	0.18
	0.04



	Taonan (TN)
	0.25
	0.38
	0.37
	0.00



	Shulan (SL)
	0.00
	0.00
	0.55
	0.45



	Daan (DA)
	0.04
	0.19
	0.32
	0.46
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Table 3. The main meteorological risk assessment scale of Jilin province.
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	Disaster Index
	High
	Medium–High
	Medium
	Medium–Low
	Low





	5% ≤ x < 10%
	T = 1
	1 < T ≤ 2
	2 < T ≤ 3
	3 < T ≤ 4
	T > 4



	10% ≤ x < 15%
	1 < T ≤ 2
	2 < T ≤ 3
	3 < T ≤ 4
	4 < T ≤ 6
	T > 6



	15% ≤ x < 20%
	1 < T ≤ 2
	2 < T ≤ 4
	4 < T ≤ 6
	6 < T ≤ 10
	T > 10



	≥20%
	1 < T ≤ 2
	2 < T ≤ 5
	5 < T ≤ 10
	10 < T ≤ 20
	T > 20
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